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Trotz  der  allgemein  bekannten  Tatsache,  dass  eine  Stromabgabe  für 
elektrische  Haushaltgeräte — besonders  bei  Stromverbrauch  in  der 
Nacht — das  Belastungsdiagramm  der  Elektrizitätswerke  im  günstig- 
sten Sinne  beeinflussen  kann,  waren  diese  noch  vor  wenigen 
Jahren  mit  den  Vor-  und  Nachteilen  solcher  Geräte  viel  zu  wenig 
vertraut,  die  Geräte  aber  noch  viel  zu  wenig  durchgebildet,  um 
eine  zweckentsprechende  und  wirksame  Propaganda  einleiten  zu 
können.  Erst  in  der  letzten  Zeit  suchte  man  durch  gewissenhaftes 
Studium  aller  einschlägigen  Fragen,  durch  zahlreiche  Untersuchun- 
gen und  praktische  Erprobungen  in  Laboratorien  und  beim  Abnehmer 
selbst,  Licht  auch  in  dieses  neu  erfasste  Gebiet  zu  bringen.  In- 
wieweit dies  den  österreichischen  Elektrizitätswerken  in  Zusammen- 
arbeit mit  der  Industrie  gelungen  ist,  soll  nun  im  folgenden  darge- 
legt werden.  Wir  haben  entsprechend  dem  heutigen  Stande  der 
Elektrotechnik  folgende  Elektro-Haushaltgeräte  eingehend  zu 
besprechen: 

1.  Kochtöpfe, 

2.  Kochplatten, 
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3.  Brat-  und  Backrohre, 

4.  elektr.  Küchenherde, 

5.  Kochautomaten, 

6.  Speicherherde, 

7.  Heisswasserbereitung, 

8.  Einige    weitere    Haushaltgeräte,    wie    Bügeleisen,    Heiz- 

kissen,  Brennscheren,   Zigarrenanzünder,   etc. 

9.  elektr.  Raumbeheizung. 

Für  die  Verwendimg  der  Elektrizität  als  Wärmequelle  im  Haus- 
halte kommen  in  erster  Linie  die  Kochgeräte  in  Betracht.  Die 
Vorteile  des  elektrischen  Kochens  gegenüber  anderen  Betriebs- 
weisen sind  wohl  allgemein  bekannt,  sodass  es  sich  erübrigt, 
darauf  näher  einzugehen. 

Die  Frage,  ob  den  direkt  beheizten  Kochtöpfen  oder  den  Kochplat- 
ten der  Vorzug  gegeben  werden  soll,  wurde  bis  vor  kurzem  mit 
Rücksicht  auf  den  besseren  Wirkungsgrad  der  direkt  beheizten 
Kochgeräte  zu  Gunsten  dieser  entschieden  und  dies  umsomehr, 
als  ja  nur  gelegentlich  einzelne  Speisen  mit  solchen  Geräten  bereitet 
wurden.  Als  sich  in  letzter  Zeit  die  Elektrizitätswerke  intensiver  mit 
der  Schaffung  der  elektrischen  Vollküche  befassten,  musste  man 
notgedrungen  von  dieser  Absicht  wieder  abgehen,  da  sich  die 
Anschaffungskosten  einer  vollelektrischen  Küche  mit  direkt  be- 
heizten Kochgeräten  viel  zu  hoch  stellten.  Berücksichtigt  man 
noch  das  leichte  Durchbrennen  der  Heizkörper  bei  Trockengehen, 
die  erhöhte  Beschädigungsgefahr  beim  Reinigen  der  Kochgeräte 
durch  eindringende  Feuchtigkeit  sowie  die  unbequeme  Handha- 
bung mit  den  Leitungsschnüren,  so  ergibt  sich  nunmehr  zwingend, 
dass  die  elektrische  Kochplatte  für  die  elektrische  Küche  geeigneter 
als  eine  Reihe  von  elektrischen  Einzelgeräten  sein  muss. 

Kochtöpfe.— Die  Kochtöpfe  werden  in  erster  Linie  nur  zur 
gelegenthchen  Erhitzung  von  Flüssigkeiten  verwendet,  weniger 
zum  Dauerkochen  und  stellen  in  den  verschiedenen  Ausführungen, 
wie  Teekessel,  Kaffeemaschinen.  Pfannen  etc.  gewissermassen  die 
Elemente  der  elektrischen  Kocheinrichtungen  dar  und  waren  als 
solche  auch  als  erste  auf  dem  Markte  zu  finden.  Ihr  relativ  guter 
Wirkungsgrad,  das  saubere  Aussehen  und  die  leichte  Verwendungs- 
mögHchkeit  in  jedem  Raum  tragen  zu  ihrer  Verbreitung  bei.  Als 
unpraktisch  erwiesen  sich  wiederholt  die  eingelöteten  Heizkörper, 
deren  Reparatur  schwierig  ist,  weiters  auch  die  vielfach  verwende- 
ten Holzgriffe,  die  mit  der  Zeit  verkohlen  und  locker  werden.   Auch 
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die  derzeit  noch  hohen  Anschaffungskosten  wirkhch  guter  Fabri- 
kate behindern  eine  weitgehende  Verbreitung.  Die  Abnehmer  sind 
im  allgemeinen  wegen  der  Bequemlichkeit  und  des  geringen  Strom- 
verbrauches sehr  zufrieden.  Ebenso  wie  bei  anderen  Kochgeräten 
ist  auch  bei  den  Kochtöpfen  eine  kurze  Kochzeit  vorteilhaft,  was 
natürlich  Heiz  widerstände  mit  hoher  Stromaufnahme  bedingt. 
Besonders  zu  betonen  ist,  dass  Kochtöpfe  mit  Bodenheizung  den 
Vorzug  verdienen,  da  solche  in  beliebig,  auch  wenig  gefülltem 
Zustande  verwendet  werden  können. 
Das  Elektrizitätswerk  Wien  hat  eine  Reihe  von  Versuchen  mit 
Kochtöpfen  und  Teekesseln  mit  ^  1  bis  1 1 1  Inhalt  und  einer  Strom- 
aufnahme von  380  bis  600  Watt  durchgeführt.  Die  Kochzeit  betrug 
durchschnittlich  10  bis  15  Minuten,  der  Wirkungsgrad  80-85%. 
Versuche  mit  Kaffeemaschinen  verschiedener  Fabrikate  ergaben, 
dass  zur  Bereitung  von  1  1  Kaffee  13  bis  25  Minuten,  bei  einem 
Verbrauch  von  2,2  bis  2,6  hWh  erforderlich  sind. 

KocHPLATTEN.^ — Wie  schon  eingangs  erwähnt,  eignen  sich  Koch- 
töpfe vorzugsweise  zur  gelegentlichen  Erwärmung  irgend  einer 
Flüssigkeit,  für  ein  vollelektrisches  Kochen  kommen  sie  aber  nicht 
in  Betracht  und  müssen  durch  die  Kochplatte  ersetzt  werden.  Die 
bis  vor  ca.  einem  Jahre  handelsüblich  erzeugten  und  verwendeten 
Kochplatten  hatten  allgemein  einen  schlechten  Wirkungsgrad  und 
eine  viel  zu  lange  Kochdauer. 

Die  seitens  der  städt.  Elektrizitätswerke  Wien  mit  solchen  Koch- 
platten angestellten  Versuche  ergaben,  dass  die  Siedezeit  für  1  1 
Wasser  bei  Zusetzen  auf  der  kalten  Platte  zwischen  15  und  40 
Minuten  und  der  Wirkungsgrad  zwischen  26  und  38  %  lag,  d.h.  es 
konnten  nur  26  bis  38  %  der  zugeführten  elektrischen  Energie 
dem  Wasser  nutzbar  zugeführt  werden. 

Es  ist  klar,  dass  Apparate  mit  derartigem  Wirkungsgrade  für  die 
elektrische  Küche  nicht  befriedigen  können,  da  ja  die  mit  elektri- 
scher Energie  erzeugte  Wärmeeinheit  auch  bei  sehr  billigem  Strom 
infolge  der  Verteilungskosten  in  den  allermeisten  Fällen  teurer  zu 
stehen  kommt,  als  die  mit  anderen  Heizmitteln  erzeugte  Wär- 
meeinheit. 

Weitere  Versuche,  welche  das  Elektrizitätswerk  Wien  anstellte, 
erstreckten  sich  später  auch  auf  moderne  Kochplatten  schweize- 
rischer und  österreichischer  Herkunft,  darunter  auch  auf  solche, 
die  nach  schwedischen  Patenten  gebaut  waren.  Die  Platten  wurden 
ebenfalls  hinsichtlich  der  Siedezeit  für  1  1  Wasser  und  hinsichtUch 
des  Wirkungsgrades  überprüft;  ausserdem  wurde  aber  auch  versucht, 
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den    Einfluss   des    Kochgeschirr-Durchmessers   im   Vergleich    zum 
Kochplatten-Durchmesser  auf  den  Wirkungsgrad  zu  ermitteln. 

Für  diese  Vergleichsversuche  wurden  eigens  gebaute  Aluminium- 
Normalgeschirre  mit  verschiedenen  Durchmessern  verwendet. 
Die  Bodenstärke  betrug  stets  5  mm,  die  Wandstärke  2^  mm,  der 
Fassungsinhalt  je  2  1,  wobei  noch  ein  unbenetzter  Rand  von  5-15 
mm  Höhe  verblieb. 

Die  geprüften  Kochplatten  waren  zum  Teil  Einfach-,  zum  Teil 
Doppelplatten,  der  mittels  Wattmeter  gemessene  Anschlusswert 
betrug  870,  960,  1  060,  1  220  und  1  320  Watt,  der  Kochplatten- 
Durchmesser  war  145,  180,  210  und  225  mm. 

Die  zur  Erwärmung  von  2  1  Wasser  auf  eine  Temperatur  von 
95°C  erforderliche  Zeit  schwankte  bei  Zusetzen  des  Wassers  auf 
kalter  Platte  zwischen  15  und  17  Minuten,  die  Wirkungsgrade 
ergaben  sich  bei  Zusetzen  auf  kalter  Platte  zu  43  bis  63%. 

Unter  den  geprüften  Platten  befand  sich  auch  eine  nach  den 
Angaben  der  Elektrizitätswerke  Wien  gebaute  und  als  "Rapid"- 
Platte  bezeichnete  Kochplatte  von  210  mm  <f)  und  1  200  Watt 
Anschlusswert,  mit  der  neben  den  Wassererhitzungsversuchen  auch 
praktische  Kochversuche  angestellt  wurden.  Beim  Braten  von 
Rostbeaf  im  Rohgewichte  von  je  20  dkg  wurde  z.B.  folgendes 
Ergebnis  erzielt: 

Anheizdauer  bis  betriebswarm:  6  Minuten,  hiebei  Stromverbrauch 
1,2  hWh; 

Bratdauer  für  das  erste  Stück:  4  Minuten,  hiebei  Stromverbrauch 
0,47  hWh, 

Bratdauer  für  jedes  weitere  Stück:  Ebenfalls  4  Minuten,  Strom- 
verbrauch hiebei  je  0,52  hWh. 

Dies  sind  Resultate,  welche  schon  besser  befriedigen. 

Die  Versuche  haben  ferner  ergeben,  dass  der  Wirkungsgrad 
praktisch  kaum  beeinflusst  wird,  wenn  Geschirr  mit  grösserem  oder 
kleinerem  Durchmesser  als  jener  der  Kochplatte  verwendet  wird. 

Nimmt  man  den  Wirkungsgrad  bei  gleichem  Platten-  und  Topf- 
Durchmesser  als  normal  an,  so  konnte  allgemein  beobachtet  werden 
dass  bei  Ueberwiegen  des  Topf-Durchmessers  über  den  Platten- 
Durchmesser  der  Wirkungsgrad  etwas  schlechter  wird,  ist  der 
Topf-Durchmesser  aber  kleiner  als  der  Platten-Durchmesser,  so 
wird  der  Wirkungsgrad  etwas  besser.  Diese  Beobachtungen  gelten 
beim  Zusetzen  des  Wassers  auf  der  kalten  Platte,  während  sich 
beim  Zusetzen  auf  betriebswarmer  Platte  überhaupt  keine  Gesetz- 
mässigkeit erkennen  liess. 

Fasst  man  alle  Versuchsergebnisse  nunmehr  zusammen,  so  ergibt 
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sich,  dass  die  Kochplatte  bei  den  heutigen  Strompreisen  nicht 
restlos  befriedigen  kann,  sofern  es  sich  um  Dauerkochen  handelt, 
sie  hat  aber  sehr  wohl  ihre  Berechtigung  für  rasch  herzustellende 
Speisen,  in  welchem  Falle  die  Anheizperiode  und  die  Anheizkosten 
bei  anderen  Heizmitteln  schwer  ins  Gewicht  fallen.  Wenn  aber 
die  Kochplatte  hier  ihren  Zweck  erfüllen  soll,  so  muss  sie  aus 
praktischen  Gründen  eine  sehr  kurze  Anheizperiode  und  ausserdem 
geringe  Wärmekapazität  besitzen,  da  grosse  Wärmekapazität  die 
Anheizdauer  imgünstig  beeinflusst;  ausserdem  geht  jene  Wärme- 
menge verloren,  welche  die  Kochplatte  nach  Schluss  des  Kochens 
noch  besitzt. 

Ein  weiteres  Verwendungsgebiet  für  die  Kochplatte  ergibt  sich  bei 
der  Ergänzung  des  Kochautomaten.  Auch  für  diesen  Zweck  muss 
die  Kochplatte  gleiche  Eigenschaften  besitzen,  deren  Erfüllung 
neben  geringer  wärmeaufnehmender  Masse  noch  den  Einbau  eines 
Heizwiderstandes  für  grosse  Stromaufnahme  bedingt. 

Sehr  wichtig  für  die  Wirtschaftlichkeit  der  Kochplatten  ist  die 
Beschaffenheit  des  Kochgeschirres.  Dünnwandiges  Geschirr,  wel- 
ches leicht  verbeult  wird,  eignet  sich  nicht,  da  dann  die  Wärme- 
übertragung schlecht  wird.  Ein  überzeugender  Vergleichsversuch 
mit  einem  dünnwandigen  Aluminiumgeschirr,  dessen  Boden  absicht- 
lich an  mehreren  Stellen  ausgebeult  und  eingedrückt  wurde,  ergab 
einen  Wirkungsgrad  von  nur  5%,  während  auf  der  gleichen  Koch- 
platte unter  genau  gleichen  Voraussetzungen  mit  dem  exakt 
gearbeiteten  Normalgeschirr  ein  Wirkungsgrad  von  63%  erzielt 
werden  konnte. 

Die  Kochplatte  selbst  muss  eine  vollkommen  plane,  womöglich 
geschhffene  Oberfläche,  das  Geschirr  einen  vollkommen  ebenen, 
möghchst  dicken  Boden  haben.  Wird  dies  beobachtet  und  die 
Kochplatte  nur  dort  verwendet,  wo  sie  nach  obiger  Ausführung 
Berechtigung  hat,  dann  wird  sie  sicherlich  befriedigen.  Die  An- 
schaffungskosten für  das  Spezialgeschirr  sind  allerdings  gegenwärtig 
verhältnismässig  hoch,  doch  ist  bei  Massenanfertigung  eine  bedeu- 
tende Preissenkung  zu  erwarten. 

Back-  und  Bratrohr  . — Ein  weiteres  Kochgerät,  welches 
sowohl  für  sich  allein  als  auch  in  der  noch  selten  eingeführten 
elektrischen  Vollküche  Verwendung  findet,  ist  das  elektrische 
Brat-  und  Backrohr,  welches  in  Oesterreich  noch  wenig  Verbreitung 
gefunden  hat.  Die  Gründe  für  die  Zurückhaltung  der  Abnehmer 
sind  die  hohen  Anschaffungs-  und  angeblich  hohen  Betriebskosten, 
trotzdem  es  in  seiner  Verwendbarkeit  als  sehr  gut  bezeichnet  wird. 
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Auch  wird  allgemein  anerkannt,  dass  die  Braten  weitaus  schmack- 
hafter gelingen,  als  bei  anderen  Heizungsarten.  Bezüglich  der 
Betriebskosten  bezw.  des  Energieverbrauches  kann  auf  Grund  der 
vom  Elektrizitätswerk  Wien  vorgenommenen  Versuche  im  allge- 
meinen gesagt  werden,  dass  sich  nur  gut  isolierte  Backrohre  mit  ca. 
200-300  mm  Höhe,  240-320  mm  Breite  und  400-450  mm  Tiefe 
bewähren,  wobei  die  zweitangegebenen  Dimensionen  praktisch  gut 
brauchbare  Geräte  ergeben.  Die  Rohre  sollen  mindestens  800  Watt 
höchstens  1  600  Watt  Stromaufnahme  besitzen,  wobei  ca.  60°  o  als 
Unterhitze  und  40°^  als  Oberhitze  verwendet  werden,  ausserdem 
soll  Ober-  und  Unterhitze  dreifach  regulierbar  sein.  Infolge  des 
hohen  Wirkungsgrades  verdient  das  Backrohr  weite  Verbreitung, 
besonders  als  Ergänzung  des  Kochautomaten. 

Der  elektrische  Küchenherd  . — Was  nun  die  Einrich- 
tungen anbelangt,  die  zur  Bereitung  sämtlicher  Mahlzeiten  geeignet 
sind,  so  wäre  es  das  natürlichste,  den  Koch  Vorgang  so,  wie 
er  seit  jeher  geübt  wurde,  beizubehalten  und  den  gewöhnlichen 
Küchenherd  durch  einen  elektrisch  beheizten  Herd,  der  aus  2-3 
Kochplatten  und  einem  Backrohr  besteht,  zu  ersetzen.  Derartige 
Herde  werden  in  konstruktiv  einwandfreier  Weise  von  vielen 
Firmen  hergestellt  und  ermöghchen  auch  ein  anstandsloses  Kochen. 
Wenn  man  sich  aber  das  über  die  Kochplatten  Gesagte  vor  Augen 
hält,  so  ist  es  begreiflich,  dass  trotz  der  guten  Eigenschaften  des 
Backrohres  ein  derartiger  Herd  zum  Anschluss  an  ein  Elektrizi- 
tätswerk keinen  allgemeinen  Eingang  finden  kann.  Der  Wirkungs- 
grad ist,  selbst  wenn  besondere  Kochtöpfe  mit  starkem,  vollkommen 
ebenem  Boden  verwendet  werden,  so  schlecht,  dass  nur  bei  ungemein 
billigem  Strompreis  eine  Oekonomie  zu  erreichen  ist.  Selbst 
Elektrizitätswerke,  welche  sehr  geringe  Erzeugungskosten  auf- 
weisen, können  mit  Rücksicht  auf  die  Verteilungskosten  so  billige 
Strompreise  nicht  einräumen,  dass  der  elektrische  Herd  allgemein 
benützt  werden  kann.  Es  bliebe  daher  der  elektrische  Herd  in  der 
früher  geschilderten  Form  nur  für  Einzelanlagen,  die  selbst  billige 
Kraft  zur  Verfügung  haben  (z.B.  Hotels,  Villen  im  Gebirge,  welche 
eigene  ^^'asserkraft  besitzen)  und  auf  jene  wenigen  Stromabnehmer 
beschränkt,  die  über  soviel  Geldmittel  verfügen,  dass  der  Strom- 
verbrauch ihrer  Küche  für  sie  keine  Rolle  spielt.  Die  zweite  Mög- 
lichkeit, an  Stelle  eines  aus  Kochplatten  zusammengestellten 
Herdes  eine  Anzahl  von  Kochgeschirren  mit  eingebauten  Heiz- 
elementen zu  verwenden,  hat  auch  keinen  weiteren  Eingang 
gefunden,  da  die  Reinigung  solcher  Kochgeräte  ziemlich  schwierig  ist, 
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der  Kochvorgang  unbequem  wird  und  die  vielen  Zuleitungsschnüre 
und  Heizkörper  vielfachen  Defekten  ausgesetzt  sind.  Ausserdem 
würden  die  Anschaffungskosten  beträchtliche  Werte  erreichen  und 
deshalb  eine  rasche  Verbreitung  hemmen. 

Der  Elektro-Kochautomat  . — Unter  diesen  Verhält- 
nissen war  es  ein  natürliches  Bestreben,  für  die  Bereitung  ganzer 
Mahlzeiten  Apparate  zu  bauen,  die  gegenüber  den  bisherigen 
Kochmethoden  besondere  Vorteile  bieten,  wie  geringe  Beaufsichti- 
gung, kein  Entweichen  von  Speisendunst  etc.  Ein  hoher  Wirkungs- 
grad im  Verein  mit  den  genannten  praktischen  Vorteilen  soll  den 
Umstand  wettmachen,  dass  die  elektrische  Wärmeeinheit  teurer  zu 
stehen  kommt,  als  die  auf  anderem  Wege  erzeugte.  Als  das  Produkt 
dieser  Bestrebungen  muss  nun  der  Kochautomat  angesehen  werden. 
Er  besteht  aus  einer  Kochplatte,  auf  die  ein  Satz  Kochgeschirr 
übereinandergestellt  wird.  Ueber  das  Ganze  wird  eine  gut  wärme- 
isoHerte,  zylindrische  Haube  gestülpt,  an  deren  oberster  Stelle  sich 
ein  Temperaturautomat  befindet.  Dieser  unterbricht  den  Heizstrom 
der  Kochplatte,  sobald  die  Temperatur  im  Innern  der  Haube 
100°C  erreicht,  was  nach  ca.  40-50  Minuten  der  Fall  ist.  Die  Speisen 
werden  dann  durch  die  vorhandene  Wärme  in  1  bis  1|  Stunden 
gar  gekocht.      Die  Vorteile  dieser  Konstruktion  sind  folgende: 

Nach  dem  Zustellen  vollständig  selbsttätiges  Funktionieren,  so 
dass  keine  Beaufsichtigung  notwendig  ist;  vollständig  geschlossene 
Bauart,  wodurch  kein  Speisendunst  in  die  Küche  gelangt;  hohe 
Wirtschaftlichkeit  und  gute  Speisen.  All  dies  hat  viele  Elektrizi- 
tätswerke bewogen,  den  Apparat  zu  propagieren.  Wenn  er  sich 
heute  noch  wenig  durchgesetzt  hat,  so  ist  die  Scheu  vor  der  neuen 
Kochmethode,  der  schlechte  Ruf,  den  in  Oesterreich  die  Kochkiste 
hat,  und  verschiedene,  an  den  ersten  Ausführungen  eingetretene 
Versager  des  Temperaturautomaten  schuld.  Es  ist  aber  zweifellos, 
dass  dieser  Apparat  beim  Mittelstand  und  insbesondere  bei  jenen 
Familien,  in  welchen  die  Hausfrau  ohne  Hausgehilfin  die  Wirtschaft 
führt  oder  einem  Beruf  nachgeht,  eine  grosse  Verbreitung 
finden  wird.  Notwendig  ist,  dass  die  neue  Kochmethode  richtig 
erkannt  wird  und  dass  man  vom  Kochautomaten  nicht  verlangt, 
was  er  nicht  leisten  kann.  Um  Mahlzeiten  zu  bereiten,  wie  wir  in 
Oesterreich  es  gewöhnt  sind,  gehört  nämlich  zur  vollständigen 
Kocheinrichtung  noch  eine  Kochplatte,  ein  Backrohr  und  eventuell 
eine  Kaffeemaschine. 

Ist  der  Kochautomat  im  Vereine  mit  den  genannten  Zusatz- 
geräten schon  sehr  ökonomisch,  so  arbeitet  er  noch  weit  vorteilhafter, 
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wenn  die  Speisen  mit  heissem  Wasser  zugestellt  werden,  welches 
zweckmässig  einem  Elektro-Heisswasserspeicher  entnommen  wird. 
Es  gehört  also  zur  vollständigen  Einrichtung  einer  modernen 
elektrischen  Küche  wohl  noch  ein  mit  bilUgem  Nachtstrom  be- 
triebener Heisswasserspeicher. 

Die  Wiener  städt.  Elektrizitätswerke  haben  eine  grosse  Anzahl 
von  Koch  versuchen  mit  dem  Kochautomaten  durchgeführt. 
Es  ergab  sich,  dass  der  Stromverbrauch  für  ein  vollständiges 
Mittagessen  für  5  Personen,  bestehend  aus  Suppe,  Braten  und 
Zuspeise,  nicht  mehr  als  4,2  bis  5,5  hWh  beträgt.  Die  Dauer  der 
Stromaufnahme  währt  30  bis  40  Minuten;  von  da  ab  erfolgt  das 
Garkochen  in  1 1  bis  2  Stunden  ohne  Stromzufuhr. 

Auf  Grund  der  Erfahrungen  der  Elektrizitätswerke  Wien  kann 
daher  bei  Verwendung  eines  Elektro-Kochautomaten  als  komplette 
Kücheneinrichtung  empfohlen  werden  : 

{a)  für  eine  4-5-köpfige  FamiUe: 

1  Kochautomat  mit  750  Watt, 

1  Back-  und  Bratrohr  für  800  Watt, 

1  Kochpfanne  für  Einbrenne  600  Watt, 

1  Kochtopf  2  1,  800  Watt, 

1  Kaffeemaschine  1  1,  500  Watt, 

1  Boiler  5-25  1  Inhalt 

oder 

1  Kochautomat  750  Watt, 

1  Back-  und  Bratrohr  800  Watt. 

1  Rapidkochplatte  1  200  bis  1  500  Watt, 

1  Kaffeemaschine  1  1,  500  Watt, 

1  Boiler  5-25  1  Inhalt. 

{b)  für  eine  8-10-köpfige  Familie: 
1   Kochautomat  1  000  Watt, 
1   Back-  und  Bratrohr  1  600  Watt, 
1   Rapidkochplatte  1  200  bis  1  500  Watt, 
1   Kaffeemaschine  2  1,  1  000  Watt, 
1   Boiler  25  50  1  Inhalt. 

Abschliessend  soll  noch  erwähnt  werden,  dass  auch  der  Koch- 
automat  nicht  in  allen  Fällen  entsprechen  wird.  Dieser  Umstand 
sowie  die  für  österreichische  Verhältnisse  nicht  unbedeutenden 
Anschaffungskosten  eines  kompletten  elektrischen  Rechauds  mit 
2  oder  3  Kochstellen  und  mit  Brat-  und  Backrohr  haben  die  städt. 
Elektrizitätswerke     Wien    bewogen,     den     einschlägigen     Firmen 
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Kocheinrichtungen  mit  sogenannten  Bauelementen  zur  Fabrika- 
tion zu  empfehlen.  Auf  diese  Weise  ist  es  möglich,  Kochplat- 
ten mit  vorläufig  nur  1  Kochstelle  nach  und  nach  auf  2,  3  oder  4 
Kochstellen  zu  erweitern,  schUesslich  kann  auch  noch  ein  Brat- 
und  Backrohr  mit  angebautem  Temperaturregler,  welches  dann 
auch  als  Kochautomat  zum  Garkochen  der  auf  den  einzelnen 
Kochstellen  bereiteten  Speisen  zu  verwenden  ist,  den  elektrischen 
Herd  ergänzen. 

Speicherherd  . — ^Eine  weitere  Möglichkeit,  das  elektrische 
Kochen  zu  verallgemeinern,  besteht  in  der  Verwendung  von 
Speicherherden.  Wenn  auch  der  Wirkungsgrad  dieser  Kochein- 
richtungen naturgemäss  etwas  schlechter  als  jener  von  Koch- 
automaten ist,  so  kann  dafür  der  Strompreis,  da  die  Stroment- 
nahme vorwiegend  in  den  Nachtstunden  erfolgt,  weitgehend 
rabattiert  werden,  so  dass  für  den  Abnehmer  die  Verschlechterung 
des  Wirkungsgrades  um  ein  Mehrfaches  kompensiert  wird.  Prak- 
tisch erprobt  und  gut  durchgebildet  sind  zwei  Typen:  Der  Sevesherd 
und  der  Neaherd,  beide  schwedische  Erzeugnisse. 

(a)  Der  Sevesherd. — Der  Sevesherd  besteht  in  seinen  wesentlichen 
Teilen  aus  einem  Speicherkörper,  einer  Kochkiste,  einem  Warm- 
wasserapparat und  einem  Kalt  Wasserbehälter. 

Der  Speicherkörper  besteht  aus  einem  Z3dindrischen  Gusseisen- 
block von  35  kg  Gewicht,  der  von  zwei  elektrischen  Gitterheizele- 
menten erhitzt  wird.  Die  obere  Fläche  des  Speicherkörpers  ist 
abgedreht,  geschhffen  und  dient  als  Kochplatte.  Von  den  beiden 
erwähnten,  im  Speicherkörper  eingelassenen  Heizelementen 
nimmt  bei  dem  für  5-6  Personen  berechneten  Typ  des  Herdes  das 
eine  350  Watt,  das  andere  für  fall  weises  Zusatzheizen  gedachte 
400  Watt  Energie  auf. 

Unter  dem  Speicherkörper  befindet  sich  eine  Kochkiste,  die  mit 
einer  vorne  angebrachten  Türe,  ähnlich  wie  das  Bratrohr  an  ge- 
wöhnlichen Küchenherden,  verschhessbar  ist.  Sie  wird  zufolge  der 
konstruktiven  Anordnung  nahezu  konstant  auf  einer  Temperatur 
von  85°-90°C  gehalten,  unabhängig  davon,  ob  die  Temperatur  des 
Speicherkörpers  gegen  600°C  beträgt  wie  es  nach  der  Speicherung 
vor  Entnahme  von  Wärme  sein  kann  oder  150°C,  welche  Temperatur 
wohl  die  niedrigste  ist,  bei  der  man  noch  Wärme  für  Kochen  zweck- 
dienlich entnehmen  kann. 

Im  Laboratorium  der  Wr.  städt.  Elektrizitätswerke  wurden  an 
einem  Sevesherd  für  5  Personen  genaue  Wärmemessungen  gemacht 
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und  Probekochen  nach  Wiener  Küche  vorgenommen.  Die  durch- 
geführten Messungen  ergaben,  dass  nach  18-stündiger  Speicherung 
6,3  kWh  =5418  WE  Energie  aufgenommen  wurde.  Von  dieser 
aufgenommenen  Wärmemenge  konnten  teils  durch  Wärmeent- 
nahme von  der  Kochplatte,  teils  in  Form  von  Warmwasser  zusammen 
3  197  WE  nutzbar  verwendet  werden,  woraus  sich  ein  Wirkungsgrad 
von  59"  0  ergab.  Die  praktische  Erprobung  erfolgte  durch  Her- 
stellung eines  ganzen  Tagesbedarfes  für  eine  5-köpfige  Familie. 

Die  Gesamtkochdauer  für  die  Herstellung  des  ganzen  Tagesbe- 
darfes erforderte  hiebei  3  Stunden  33|  Minuten,  während  die  Gesamt- 
an Wesenheitsdauer  der  Köchin  nur  1  Stunde  25 1  Minuten  betrug. 

Die  Speisen  wurden  mit  Heisswasser,  das  dem  Warmwasserbe- 
hälter des  Herdes  entnommen  wurde,  zugesetzt;  ausserdem  wurden 
1 1  Liter  Abwasch wasser  von  40°  bis  77°C  dem  gleichen  Behälter 
entnommen. 

Nachdem  eine  18-stündige  Speicherzeit  für  die  Betriebsverhält- 
nisse der  Wiener  Elektrizitätswerke  und  sicherlich  auch  für  die 
meisten  anderen  Elektrizitätswerke  viel  zu  lang  ist,  haben  die  Wr. 
Elektrizitätswerke  weitere  Versuche  in  der  Richtung  angestellt,  die 
Speicherzeit  zu  verkürzen.  Nach  verschiedenen  Vorversuchen 
wurde  eine  Möghchkeit  darin  gefunden,  dass  zwei  Heizelemente 
eingebaut  wurden,  von  denen  eines  600  Watt  und  das  andere  400 
Watt  aufnimmt.  Das  erstere  blieb  während  9  Nachtstunden  einge- 
schaltet, ausserdem  wurde  in  der  Zeit  von  12  bis  13  Uhr  mit 
beiden  Heizelementen  nachgeheizt,  so  dass  eine  Gesamt-Energie- 
aufnahme  von  6,4  kWh  innerhalb  24  Stunden  resultierte.  Dabei 
konnten  von  den  erzeugten  5  504  WE  3  660  WE  nutzbar  gemacht 
werden,  so  dass  der  Wirkungsgrad  66,5  %  betrug. 

Ein  mit  dieser  Anordnung  durchgeführter  3-tägiger  Kochversuch 
hat  ergeben,  dass  mit  der  zur  Verfügung  gestandenen  Wärmemenge 
das  volle  Auslangen  gefunden  wurde. 

Es  wurde  wieder  wie  zuvor  der  gesamte  Tagesbedarf  für  eine 
5-köpfige  Famihe  gekocht,  wofür  täglich  6,4  kWh,  davon  5,4  kWh 
in  den  Nachtstunden  und  1  kWh  in  der  Mittagsstunde,  gespeichert 
wurden. 

Ob  der  Herd  diese  Art  der  Betriebsführung  ohne  Schaden  zu 
nehmen  (etwa  durch  Ueberhitzung  des  Speicherblockes)  verträgt, 
wurde  dadurch  erprobt,  dass  dieser  in  einem  Haushalte  durch  2 
Monate  in  regelmässiger  Verwendung  stand,  wobei  sich  kein  einziger 
Anstand  ergab. 

Nun  noch  einiges  über  die  Art,  wie  auf  dem  Sevesherd  für  öster- 
reichische Verhältnisse  praktisch  gekocht  wird.  Das  allgemeine 
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Kochen,  also  mit  Ausnahme  des  Backens  und  Bratens,  erfolgt  in 
der  Regel  so,  dass  die  Speisen  auf  der  Kochplatte  aufgekocht 
werden,  was  in  kürzerer  Zeit  als  auf  jedem  anderen  Kochherd 
erfolgt.  Hierauf  stellt  man  die  Speisen  in  die  Kochkiste  zum 
Garkochen,  wobei  sich  die  Hausfrau  um  sie  nicht  mehr  zu  kümmern 
braucht,  da  infolge  der  konstanten  Temperatur  in  der  Kochkiste 
von  85°  bis  90°C  ein  Ueberlaufen  oder  Anbrennen  der  Speisen 
unmöglich  ist. 

Kleine  Braten  können  auf  dem  Seves-Speicherherd  bereitet  werden. 
Man  bräunt  zuerst  das  Fleisch  auf  allen  Seiten  auf  der  Kochplatte 
und  gibt  es  dann  in  die  Kochkiste.  Ebenso  können  kleine  Back- 
werke, Kuchen  oder  Torten  mit  Hilfe  eines  gusseisernen  Heizringes, 
wie  er  beim  Kochautomaten  verwendet  wird,  leicht  hergestellt 
werden. 

Grosse  Braten,  Geflügel  etc.  sowie  grosse  Kuchen  und  Strudel 
können  auf  dem  Sevesherd  nicht  bereitet  werden.  Es  muss  für 
das  Braten  und  Backen  derartiger  Speisen  ein  separates,  mit 
Tagesstrom  zu  heizendes  Bratrohr  verwendet  werden. 

{b)  Der  Neaherd. — Ein  zweiter  gut  durchgebildeter  Typ  eines 
Speicherherdes  ist  der  Neaherd,  ebenfalls  ein  schwedisches  Fabrikat. 

Er  besteht,  ähnlich  wie  der  Sevesherd,  aus  einem  in  eine  Isolier- 
masse eingebetteten,  jedoch  45  kg  schweren  Gusseisenblock,  dessen 
obere  Fläche  als  Kochplatte  hergerichtet  und  mit  einem  wärme- 
isolierten Deckel  während  der  Nichtbenutzung  zugedeckt  ist. 
Unter  dem  Speicherblock  befindet  sich  eine  von  vorne  zugängliche 
Kochkiste,  welche  zum  Unterschiede  vom  Sevesherd  eigene,  derart 
regulierbare  Heizkörper  besitzt,  dass  die  Temperatur  im  Innern  der 
Kochkiste  zwischen  70°  und  330°C  eingestellt  werden  kann.  Dadurch 
kann  die  Kochkiste  auch  zum  Braten  und  Backen  verwendet  werden. 
Der  Speicherklotz  enthält  ein  elektrisches  Gitterheizelment,  das 
bei  einem  für  5  Personen  bestimmten  Herd  300  Watt  Energie 
aufnimmt.  Die  Kochkiste  besitzt  einen  Anschlusswert  von  600 
Watt,  welcher  auf  Ober-  und  Unterhitze  aufgeteilt  ist. 

Die  Regulierung  der  Wärmeabgabe  von  der  Kochplatte  erfolgt 
durch  Verdrehen  eines  Ringes,  wodurch  das  Kochgeschirr  mehr 
oder  weniger  von  der  Kochplatte  abgehoben  wird.  Die  Regulierung 
der  Temperatur  in  der  Kochkiste  (Brat-  und  Backrohr)  erfolgt 
durch  Verdrehen  einer  graduierten  Scheibe,  wodurch  ein  in  die 
Kochkiste  hineinragender  Temperaturregler  zwischen  70°  und  330°C 
eingestellt  werden  kann.  Ist  er  auf  weniger  als  70°C  eingestellt, 
so  wird  die  Kochkiste  nur  durch  Wärmeübertragung  vom  Gusseisen- 
klotz geheizt,  was  für  das  Garkochen  der  Speisen  genügt.    Wenn 
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man  braten  oder  backen  will,  wird  der  Regler  auf  die  hiezu  not- 
wendige Temperatur  eingestellt. 

Ein  Warmwasserapparat  wie  bei  dem  Sevesherd  ist  bei  diesem 
Ofen  nicht  eingebaut.  Es  kann  aber  mit  Vorteil  ein  gewöhnlicher 
kleinerer  Heisswasserspeicher  vorgesehen  werden,  der  dann  an 
irgend  einer  zweckmässigen  Stelle  der  Küche  anzubringen  ist. 

Um  auch  diesen  Herd  für  Wiener  Verhältnisse  zu  erproben,  haben 
die  Wiener  städt.  Elektrizitätswerke  mit  diesem  ähnliche  Versuche 
wie  mit  dem  Sevesherd  vorgenommen.  Dabei  hat  der  Herd  bei 
einer  18-stündigen  Speicherzeit  5,67  kWh  entsprechend  4  876  WE 
aufgenommen  und  2  121  WE  nutzbar  abgegeben,  so  dass  sich  ein 
Wirkungsgrad  von  43,5  %  ergeben  hat.  Da  diese  Wärmemenge  für 
den  Tagesbedarf  einer  Wiener  Küche  für  5  Personen  nicht  ausreicht 
und  die  Speicherung  möglichst  in  die  Nachtstunden  verlegt  werden 
soll,  wurde  das  Heizelement  des  Speicherblockes  für  eine  Energie- 
aufnahme von  600  Watt  umgewickelt.  In  einem  10-stündigen 
Nachtbetrieb  und  einer  2-stündigen  Nachheizung  während  der 
Mittagszeit  wurden  insgesamt  7,2  kWh,  d.s.  6  192  WE,  aufgenom- 
men. Davon  konnten  3  096  WE  nutzbar  gemacht  werden,  was  also 
einem  Wirkungsgrad  von  50  %  entspricht.  Die  Ergebnisse  des 
praktischen  Kochens  bei  diesen  Betriebsverhältnissen  waren 
ähnliche  wie  mit  dem  Sevesherd.  Dabei  wurden,  wie  soeben 
erwähnt,  pro  Tag  7,2  kWh  gespeichert,  was  sich  als  vollkommen 
ausreichend  erwies.  Zum  Heizen  der  Kochkiste,  welche  auch  zum 
Braten  verwendet  wurde,  waren  ausserdem  1,2  kWh  notwendig. 
Das  gleichzeitige  Garkochen  und  Braten  im  Rohr  hat  kein  gutes 
Resultat  ergeben.  Auch  dieser  Herd  wurde  zwecks  Erprobung  der 
geänderten  Betriebsführung  in  einem  normalen  Haushalt  regel- 
mässig benützt. 

Durchgeführte  Versuche  bezüglich  des  Stromverbrauches  zur 
Bereitung  gleicher  Menüs  und  gleicher  Menge  haben  ergeben,  dass 
der  Kochautomat,  der  Sevesherd  und  der  Neaherd  elektrische 
Energie  im  Verhältnis  von  ca.  1  :  1|  :  2  verbrauchen. 

Die  Verwendung  der  Kochkiste  beim  Neaherd  als  Brat-  und 
Backrohr  ist  wenig  zweckmässig.  Eine  gleichzeitige  Verwendung 
des  Rohres  als  Kochkiste  und  als  Bratrohr  ist  nicht  möglich,  eine 
zeitHch  getrennte  Anwendung  erfordert  aber  ein  früheres  Beginnen 
mit  dem  Kochen,  weshalb  die  Verwendung  eines  getrennten  Back- 
und  Bratrohres  in  den  meisten  Fällen  besser  sein  dürfte. 

Der  Gusseisenblock  des  "Nea"-Herdes  ist  um  ca.  10  kg  schwerer 
als  der  des  "Seves,"  was  bei  gleicher  Energiezufuhr  längere  Auf- 
kochzeiten zur  Folge  hat.  Diese  Erscheinung  ist  zum  Teil  auch 
12 


AUSTRIA:  ELECTRICITY  IN  HOUSES  AND  SHOPS 

darauf  zurückzuführen,  dass  die  Kochplatte  des  "Seves"-Herdes 
geschhffen,  die  des  "Nea"-Herdes  nur  abgedreht  ist.  Die  Temperatur 
der  Kochkiste,  die  durch  die  Wärmeübertragung  vom  Klotz  ge- 
wonnen wird,  ist  beim  "Seves"  etwas  höher  und  vor  allem  kon- 
stanter als  beim  zweiten  Herd. 

Die  Wirtschaftlichkeit  des  Sevesherdes  ist  höher  als  die  des  "Nea"- 
Herdes,  da,  abgesehen  von  den  bereits  geschilderten  Vorteilen, 
beim  "Seves  "-Herd  noch  ein  grosser  Teil  der  Verlust  wärme  durch 
den  Warmwasserapparat  zurückgewonnen  wird.  Beide  Speicher- 
herde können  für  reine  Nachtspeicherung  oder  für  Speicherung 
während  der  Tages-  und  Nachtstunden  mit  Sperre  während  der 
Spitzenbelastungszeiten  gebaut  werden. 

Schliesslich  soll  noch  betont  werden,  dass  die  Studien  zur  Schaffung 
praktischer  und  gut  konstruierter  Kochgeräte  auch  derzeit  noch 
fortgesetzt  werden,  um  die  Elektro-Wärme  in  der  Küche  in  noch 
höherem  Masse  zur  Einführung  bringen  zu  können. 

Heisswasserbereitung  . — (a)  Durchlauf erhüzer. — Zur 
Heisswasserbereitung  sind  Durchlauferhitzer  nur  für  die  Entnahme 
jeweils  sehr  geringer  Wassermengen  verwendbar  und  sind  daher 
auch  nur  für  nebensächliche  Zwecke  angeschlossen.  Mit  Rücksicht 
auf  die  Strompreise,  welche  im  vorliegenden  Falle  für  Tagesbetrieb 
erstellt  werden  müssen,  ist  die  elektrische  Warmwasserbereitung 
mittels  solcher  Apparate  in  grösseren  Mengen  unrentabel,  selbst 
bei  gutem  Wirkungsgrad  des  Durchlauferhitzers.  Trotzdem  sind 
diese  sogenannten  elektrischen  Wasserhähne  etc.  ziemlich  ver- 
breitet, obwohl  viele  Elektrizitätswerke  den  Anschluss  solcher 
Apparate,  bei  welchen  das  Wasser  mit  dem  Strom  direkt-  in  Berüh- 
rung kommt,  verboten  haben.  Wichtig  ist,  dass  bei  Anschluss 
solcher  Apparate  darauf  gesehen  wird,  dass  diese  den  Sicherheits- 
vorschriften voll  entsprechen,  da  sonst  leicht  Unfälle  eintreten 
können,  die  nicht  nur  bedauerlich  wären,  sondern  auch  die  Ver- 
wendung der  Elektrizität  zur  Warmwasserbereitung  in  Misskredit 
bringen  würden. 

{b)  Elektro-Sp eicher. — Grosse  Zukunft  hat  aber  die  Heisswasser- 
bereitung nach  dem  Speicherprinzip,  da  hier  die  erforderlichen 
Mengen  Heisswasser  sofort  zur  Verfügung  stehen.  Solche  Speicher 
werden  heute  schon  von  mehreren  Firmen  in  vollkommen  entspre- 
chender Weise  ausgeführt  und  bestehen  im  wesentlichen  aus  einem 
geschlossenen  zylindrischen  Kessel,  der  gewöhnlich  aus  verzinktem 
Kesselblech  hergestellt  ist.  Um  den  Kessel  ist  eine  ziemUch  dicke 
Schichte  wärmeisolierenden  Materials  angebracht,  um  die  Abkühlung 
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des  Kesselinhaltes  zu  verhindern.  Diese  Isolierschichte  wird 
von  einem  dünnwandigen,  weiss  emaillierten  Blechmantel  umgeben. 
Der  zur  Erwärmung  des  Kesselinhaltes  dienende  Heizkörper  ist 
im  unteren  Ende  des  Kessels  meist  in  einer  Hülse  oder  Tasche 
angeordnet,  sodass  die  Auswechslung  desselben  ohne  Entleerung 
des  Kessels  vorgenommen  werden  kann.  Ferner  sind  diese  Speicher 
mit  einem  Temperaturregler  versehen,  welcher  den  Heizstrom 
unterbricht,  wenn  das  Wasser  im  Kessel  85°  oder  eine  andere 
eingestellte  Temperatur  erreicht  hat.  Bei  grösseren  Apparaten  unter- 
bricht der  Temperaturregler  nicht  direkt  den  Stromkreis,  sondern 
beeinflusst  eine  Kontaktvorrichtung,  die  dann  den  Heizstrom  ein- 
bezw.  ausschaltet.  Der  Kaltwasserzulauf  erfolgt  entsprechend  der 
Schichtung  des  Wassers  von  unten  und  ist  mit  einem  Stausieb  oder 
einer  ähnlichen  Vorrichtung  versehen,  um  eine  aufsteigende  Wirbe- 
lung  des  zuströmenden  Kaltwassers  zu  verhindern.  Die  Heisswasser- 
Entnahme  erfolgt  nach  dem  Verdrängungsprinzip,  indem  durch 
Oeffnen  des  in  der  Zuleitung  angeordneten  Hahnes  das  zuströmende 
Kaltwasser  das  im  Kessel  befindliche  Heisswasser  empor-  und  durch 
das  am  oberen  Ende  des  Kessels  angebrachte  Heisswasserablaufrohr 
herausdrückt. 

Die  Speicher  können  auch  mit  einer  Mischbatterie  versehen  werden, 
sodass  es  möglich  ist,  Warmwasser  beliebig  einstellbarer  Temperatur 
dem  Apparat  entnehmen  zu  können. 

Im  Zuge  der  verschiedenen  Studien  über  Heisswasserspeicher 
wurde  auch  an  eine  Typisierung  gedacht.  Nach  Fühlungnahme 
mit  der  einschlägigen  Industrie  gelang  es  schliesslich,  Normalien 
für  25,  50,  80  und  120  1-Apparate  als  gangbare  Typen  zu  schaffen, 
welche  seither  in  ganz  Oesterreich  zur  Anwendung  gelangen. 

Die  Wiener  städt.  Elektrizitätswerke  haben  eingehende  Erpro- 
bungen an  Elektro-Speichern  vorgenommen  und  sind  zu  folgendem 
Ergebnis  gelangt:  16  Stunden  nach  erfolgter  8-stündiger  Aufheizung 
beträgt  die  Abkaltung  bei  allen  guten  Fabrikaten  nur  8  bis  höchstens 
1 4°C,  dabei  gelten  die  niedrigen  Ziffern  für  Kessel  mit  1 20  und  mehr 
Liter  Fassungsinhalt,  die  hohen  Ziffern  für  Kessel  von  80  und  50  1 
Inhalt.  Die  Schichtung  des  kalten  und  des  heissen  Wassers  ist  so 
strenge,  dass  selbst  nach  Entnahme  von  90  %  des  Kesselnennin- 
haltes in  einem  Zuge  das  ausfliessende  Wasser  noch  75°C,  nach 
Entnahme  von  100  %  noch  immer  65°C  besitzt.  Bei  regelmässigem 
Gebrauch  kann  man,  wenn  die  Heisswassertemperatur  85°C  be- 
trägt, mit  einem  Durchschnittswirkungsgrad  von  90  %  rechnen, 
so  dass  für  Bereitung  von  10  1  Heisswasser  1  kWh  gebraucht  wird. 
Für  Wiener  Verhältnisse  zeigt  es  sich,  dass  ein  Speicherstrompreis 
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von  7  g  vollständig  befriedigt.    Zur  Verwendung  gelangen  Boiler 
mit  einer  6-8-stündigen  Aufheizdauer. 

Die  Wiener  städt.  Elektrizitätswerke  haben  auch  zu  der  gelegentlich 
aufgeworfenen  Frage  der  Gesundheitsschädigung  durch  das  dem 
Speicher  entnommene  Wasser  Stellung  genommen.  Sowohl  in 
ihrem  chemischen  Laboratorium  als  auch  in  der  staatlichen  Lebens- 
mitteluntersuchungsanstalt wurden  Versuche  dahingehend  ange- 
stellt, ob  das  im  verzinkten  Eisenkessel  bereitete  Heisswasser 
gesundheitsschädlich  sei.  Hiebei  wurde  festgestellt,  dass  der  höchste 
Gehalt  an  Zink  bei  dem  in  Boilern  mit  verzinktem  Eisenbehälter 
bereiteten  Heisswasser  unter  Verwendung  von  Wiener  Hochquellen- 
wasser maximal  0,5  mg  pro  Liter  Wasser  beträgt.  Nach  Veröffent- 
lichungen in  der  Literatur  fängt  die  Schädlichkeit  des  Zinkes  erst 
bei  50  bis  100  mg  Zink  an  und  da  erst  dann,  wenn  diese  Mengen 
längere  Zeit  dem  menschlichen  Körper  zugeführt  werden.  Obwohl 
in  vielen  Städten  verzinkte  Rohre  für  Wasserleitungen  verwendet 
werden  und  in  diesem  Wasser  häufig  Zink  in  Mengen  bis  zu  5  und 
sogar  bis  zu  20  mg  pro  Liter  nachgewiesen  wurde,  so  sind  doch 
nirgends  Erkrankungen  durch  den  Zinkgehalt  des  Wassers  bekannt 
geworden.  Es  ist  somit  einwandfrei  festgestellt,  dass  das  in  den 
Speichern  mit  verzinktem  Eisenkessel  bereitete  Heisswasser  in 
keiner  Weise  gesundheitsschädlich  ist. 

Schwierigkeiten  bei  der  Einführung  bereiten  nur  die  hohen  An- 
schaffungs-  und  Installationskosten.  Speziell  bei  kleinen  Speichern, 
wie  sie  für  die  Küche  bisher  Verwendung  finden,  sind  die  InstaUa- 
tionskosten  im  Verhältnis  zur  geringen  Wassermenge  ziemlich  hoch. 
Die  Elektrizitätswerke  Wien  haben  deshalb  vor  kurzem,  wie  noch 
später  besprochen  werden  soll,  eine  eigene  Wasser- Armatur  ge- 
schaffen, um  die  Installationskosten  der  speziell  für  Küchen  unent- 
behrlichen kleinen  Apparate  herabzudrücken  und  diese  so  in 
erhöhtem  Masse  zur  Einführung  bringen  zu  können.  Bezüglich  der 
Installation  ist  noch  zu  erwähnen,  dass  besondere  Vorschriften  der 
Ortswasserleitungsbehörden  einzuhalten  sind.  Man  verlangt  Sicher- 
heitsventil, Rückschlagventil  und,  wenn  der  Druck  in  der  Orts- 
wasserleitung 5  Atm.  übersteigt,  ein  Druckreduzierventil.  Wenn  der 
Speicher  mit  freiem  Auslauf  benützt  wird,  kann  das  Sicherheitsventil 
und  das  Druckreduzierventil  entfallen.  Bei  Haushaltspeichern  soll 
erfahrungsgemäss  mit  der  Grösse  nicht  gespart  werden.  Bei  kleinen 
Familien  genügt  für  die  Küche  ein  25  1-Speicher,  für  Badezwecke  ein 
80  1-Speicher.  Für  Küche  und  Bad  sind  mindestens  100  1  zu 
veranschlagen.  Für  grössere  Familien  kommt  für  die  Küche  ein 
50  1-Speicher,  für  das  Bad  ein  100  bis  150  1,  für  Küche  und  Bad 
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ein  Speicher  bis  zu  200  1  in  Betracht.  Der  Anschlusswert  beträgt 
bei  8-stündiger  Speicherdauer  je  100  1  Inhalt  1 ,2  kW.  Die  elektrische 
Ausstattung  der  Elektro-Heisswasserspeicheranlagen  für  Haushal- 
tungen besteht  aus  einer  Schaltuhr  und  einem  Einfachtarifzähler. 
Ein  Nachheizen  mit  Tagesstrom  ist  beispielsweise  in  Wien  für 
Haushalte  nicht  gestattet.  Bei  gewerblichen  Betrieben  gewähren 
die  Elektrizitätswerke  Wien  während  der  Mittagszeit  Nachheizung 
zum  Nachttarif. 

Um  die  Abkaltungsverluste  auf  ein  Minimum  zu  beschränken, 
empfiehlt  es  sich,  die  Heisswasserrohrleitungen  möglichst  kurz 
zu  wählen.  Ein  ganz  besonderes  Augenmerk  ist  -auf  gute  Erdung 
der  Apparate  zu  legen.  Bei  Anschluss  an  die  Ortswasserleitung 
erfolgt  die  Erdung  durch  die  Wasserleitungsrohre,  welche  aber 
jedesmal  daraufhin  zu  überprüfen  sind,  ob  sie  auch  zuverlä.ssige 
Erde  besitzen.  Auf  diese  Weise  werden  Unglücksfälle  verhindert, 
welche  dadurch  entstehen  könnten,  dass  einzelne  Teile  der  Wasser- 
leitungsanlage eine  Spannungsdifferenz  gegen  Erde  haben.  Der 
einzige  Nachteil  des  Elektro-Heisswasserspeichers  liegt  darin,  dass 
bei  dessen  Verwendung  für  das  Badezimmer  dieses  im  Winter 
separat  beheizt  werden  muss.  Das  Elektrizitätswerk  Wien  gibt 
deshalb  den  Strom  für  den  letztgenannten  Zweck  zu  einem  be- 
sonders ermässigten  Preise  von  20  g  je  kWh  ab.  Der  Heisswasser- 
speicher  ist  berufen,  das  Belastungsdiagramm  und  dadurch  die 
Rentabilität  der  Elektrizitätswerke  wesentlich  zu  verbessern. 

(c)  Der  neue  Küchen -Heisswasserspeicher  der  Wr.  Elektrizitäts- 
werke.— Bei  der  Typenfestlegung  und  Normung  der  Elektro- 
Heisswasserspeicher  wurde  die  Schaffung  von  25,  50,  80  und  120 
1- Apparaten  als  gangbare  Typen  ins  Auge  gefasst,  welche  seither 
in  diesen  Grössen  auch  dauernd  fabriziert  werden. 

Die  Erfahrung  hat  gezeigt,  dass  weniger  die  kleinen,  sondern  eher 
die  grossen  Typen  das  Interesse  des  Publikums  erweckt  haben. 
Der  Grund  hiefür  liegt  in  den  relativ  hohen  Wasserleitungsinstalla- 
tionskosten,  die  beim  kleinen  Speicher  von  25  1  schon  einen  hohen 
Prozentsatz  der  Speicherkosten  selbst  ausmachen.  Diese  hohen 
Kosten  sind  es,  welche  es  dem  Speicher  bisher  fast  unmöglich 
gemacht  haben,  speziell  in  Küchen  Eingang  zu  finden. 

Von  diesen  Tatsachen  ausgehend,  haben  die  Wr.  Elektrizitäts- 
werke einen  neuen  drucklosen,  daher  leichten  Küchenspeicher  für 
30  1  Inhalt  entwickelt,  der  über  die  bestehende  Wasserleitungs- 
muschel in  den  Küchen  angebracht  und  mit  Hilfe  einer  einfachen 
Armatur  an  die  Wasserleitung  angeschlossen  wird. 

Die  Installationsarbeiten  beschränken  sich  nunmehr  lediglich  auf 
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die  Befestigung  des  Speichers,  das  Herausschrauben  des  Wasser 
leitungshahnes  und  das  Einschrauben  der  Ventilgarnitur  an  dessen 
Stelle.  Es  ist  keinerlei  Wasserrohrverlegung  mehr  notwendig  und 
es  findet  auch  keine  Verschmutzung  der  Küche  durch  die  Montage 
statt,  da  die  Befestigung  des  Speichers  mit  Ralldübeln  ohne  Gips 
etc.  ins  Auge  gefasst  ist.  Die  elektrische  Zuleitung  erfolgt  mittels 
Kulofalzdraht,  der  ober  Putz  mit  Klammern  festgehalten  wird  und 
dessen  Montage  die  denkbar  einfachste  ist.  Eine  solche  Speicher- 
anlage kann  mit  einigermassen  eingeübtem  Personal  in  zwei  Stunden 
montiert  sein. 

Bezüglich  der  Konstruktion  des  Ventilsatzes  soll  erwähnt  werden, 
dass  die  bisher  übliche  Ausführung  der  nebeneinander  gesetzten 
Ventile  verlassen  wurde.  An  der  Stelle,  wo  gewohntermassen  das 
Kaltwasserventil  sitzt,  ist  auch  hier  wieder  der  Kalt  Wasserhahn 
angeordnet,  der  Heisswasserhahn  liegt  aber  unmittelbar  unter  dem 
Speicher.  Durch  diese  neue  Anordnung  wird  "kalt"  und  "warm" 
gut  auseinandergehalten. 

Beide  Ausläufe  sind  so  nahe  zusammengebracht,  dass  gleichzeitig 
Kalt-  und  Warmwasser  in  einem  Trinkglas  unmittelbar  Aufnahme 
finden  können.  Absichtlich  wurde  die  Anbringung  einer  Misch- 
batterie vermieden,  da  das  Händewaschen  erwiesenermassen  so 
sorglos  betrieben  wird,  dass  damit  eine  schwere  Wasserver- 
schwendung eintritt  und  der  Speicher  seine  eigentliche  Bestimmung 
als  Küchen-Speicher  verliert.  Mit  Rücksicht  auf  die  billigen  Anschaf- 
fungskosten dieses  Küchenspeichers  ist  es  sicherlich  berechtigt 
zu  sagen,  dass  dieser  Speichertyp  berufen  ist,  in  Oesterreich  in 
grosser  Zahl  in  den  Haushalten  Eingang  zu  finden. 

Einige  weitere  Haushaltgeräte  . — Von  den  übrigen 
elektrischen  Haushaltgeräten  nimmt  das  Bügeleisen  eine  besondere 
Stellung  ein.  Es  hat  sich  vollkommen  durchgesetzt,  viele  verlässliche 
Typen  beherrschen  den  Markt.  Eisen  mit  Temperaturregler  haben 
bisher,  obwohl  zu  Unrecht,  bei  uns  noch  wenig  Eingang  gefunden; 
moderne  Bügeleisen  sollen  aber  nichtsdestoweniger  mit  einem 
Temperaturregler  versehen  sein,  die  Steckstifte  sollen  Schutzkragen 
haben,  die  Griffe  aus  IsoUerstoff  bestehen  und  vollkommen  ge- 
schlossen .sein. 

Von  den  sonstigen  im  Haushalt  zur  Verwendung  gelangenden 
Wärmeapparaten  ist  noch  das  elektrische  Heizkissen  zu  erwähnen, 
das  die  Wärmeentwicklung  des  elektrischen  Stromes  in  der 
angenehmsten  und  zweckmässigsten  Weise  ausnützt  und  so  ein 
unentbehrliches  Heil-  und  Linderungsmittel  für  die  verschiedensten 
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Krankheiten  geworden  ist.  Mit  einem  solchen  Heizkissen  ist  es 
möghch  eine  örtliche  Wärmewirkung  an  beliebigen  Stellen  und  auf 
jede  gewünschte  Dauer  zu  erzielen.  Die  Kissen  sind  mit  einem  Dreh- 
schalter ausgestattet,  mit  welchem  die  Wärme  reguliert  werden 
kann.  Zur  Sicherheit  gegen  Ueberhitzen  sind  die  Heizkissen  mit 
einem  Temperaturregler  versehen,  der  bei  Ueberschreiten  der 
Höchsttemperatur  den  Strom  selbsttätig  abschaltet,  beim  Abkalten 
wieder  einschaltet.  Der  Wattverbrauch  schwankt  zwischen  20 
und  80  Watt  je  nach  Grösse  des  Kissens  und  der  gewünschten 
Temperatur. 

Was  nun  noch  die  anderen  verschiedenen  kleinen  Haushaltgeräte 
anbelangt,  so  haben  sich  noch  Tauchsieder,  Haartrockner, 
Brennscheren,  Zigarrenanzünder  und  vieles  mehr  gut  eingeführt. 
Ueber  den  Umfang  der  Verbreitung  dieser  Geräte  kann  jedoch 
nichts  gesagt  werden,  da  die  Elektrizitätswerke  darüber  keine 
Kontrolle  haben.  Es  ist  in  diesem  Rahmen  wohl  unmöglich, 
alle  einschlägigen  Apparate  des  Elektro-Marktes  aufzuzählen, 
geschweige  denn  zu  beschreiben.  Der  gegebene  Ueberblick  dürfte 
aber  genügen,  um  den  Beweis  zu  erbringen,  dass  die  Elektrizität 
berufen  ist,  als  Wärmequelle  weitgehendst  in  jedem  Haushalt 
einzudringen. 

Elektrische  Raumbeheizung  . — ^Die  Vorteile  der  elektri- 
schen Raumbeheizung  sind  allgemein  bekannt,  sie  bestehen  in  der 
grossen  Reinlichkeit,  Bequemlichkeit  und  unbedingten  Gefahrlosig- 
keit. Ausserdem  ist  das  elektrische  Heizen  äusserst  hygienisch.  Die 
Oefen  können  im  Raum  überall  aufgestellt  werden,  da  ein  Abzug 
für  Rauchgase  nicht  erforderlich  ist.  Zu  unterscheiden  ist  die 
direkte  elektrische  Heizung  und  die  Speicherheizung.  Nachdem  die 
direkte  elektrische  Heizung  einen  Tageskonsum  darstellt,  kann  der 
Strompreis  in  den  meisten  Fällen  nicht  so  weit  gesenkt  werden,  dass 
ein  Dauerheizen  in  Betracht  kommt.  Diese  Art  der  Heizung  kommt 
daher  hauptsächlich  für  die  Uebergangszeit,  für  vorübergehend 
benützte  Räume  oder  als  Zusatzheizung  in  Frage.  Bei  richtiger 
Wahl  und  Aufstellung  kann  ein  rasches  Aufheizen  des  Raumes 
erreicht  werden.  Je  nach  den  Anforderungen  rechnet  man  für 
1  m^  zu  beheizenden  Raum  30  bis  60  Watt.  Was  die  Benützungs- 
dauer anbelangt,  so  ist  diese  bei  nicht  kontinuierlicher  Benützung 
verschieden.  Bei  durchgehender  Beheizung  kann  für  die  ganze 
Heizperiode  mit    1200-2  000  Heizstunden  gerechnet  werden. 

Für  die  Elektrizitätswerke  ist  natürUch  die  Speicherheizung  weit 
wichtiger.  Die  Speicherung  kann  durch  Heisswasser  oder  durch 
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Erhitzen  von  Material  mit  grosser  Wärmekapazität  erfolgen.  Die 
erste  Art  kommt  nur  für  Zentralheizung  mit  Warmwasserumlauf 
in  Frage.  Das  Elektrizitätswerk  Wien  besitzt  eine  derartige  Gross- 
speicheranlage im  neuen  Zubau  ihres  Direktionsgebäudes,  in 
welchem  sich  verschiedene  Bürolokalitäten,  Zählermagazine,  Werk- 
stätten, Eich-  und  Prüfräume  befinden.  Es  soll  betont  werden,  dass 
die  Anlage  ausschliessHch  mit  elektrischem  Nachtstrom  betrieben 
und  keinerlei  Reserve  von  direkt  geheizten  Kesseln  vorgesehen  ist. 

Das  zu  beheizende  Gebäude  ist  achtgeschossig,  der  zu  beheizende 
Raimiinhalt  beträgt  ca.  15  100  m^.  Die  Heizungsanlage  ist  als 
Pumpen-Warmwasserheizung  offenen  Systems  ausgeführt,  d.h.  die 
Expansionsrohre  münden  direkt  ins  Freie  ohne  Einbau  von 
Druckventilen.  Die  Anlage  zerfällt  in  zwei  Teile,  in  die  im  Keller 
angeordnete  Speicheranlage  und  in  die  eigentliche  Heizungsanlage 
in  den  Stockwerken. 

Der  statische  Wasserdruck  der  gefüllten  Heizanlage  beträgt  an 
den  Speichern  31  m  Wassersäule.  Unter  Berücksichtigung  dieses 
Druckes  wurde  für  die  Bemessung  der  Speicherkessel  eine  Lade- 
temperatur von  110°C  angenommen.  Die  Speicheranlage  besteht 
aus  zwei  Kesseln  mit  je  33  m^  Inhalt,  welche  für  den  Wärmebedarf 
während  des  10-stündigen  Heizbetriebes  vollkommen  ausreichen. 
Die  Speicherkessel  sind  mit  einer  ca.  18  cm  starken  Korkisolation 
umgeben.  Diese  Isolation  hat  sich  bisher  bestens  bewährt,  sodass 
bei  der  Aufladung  des  Speicherinhaltes  auf  llO^'C  die  Oberfiächen- 
temperatur  der  Isolierung  kaum  höher  war,  als  die  Raumtemperatur. 
Die  Erwärmung  des  Speicherinhaltes  erfolgt  mittels  zweier  Durch- 
lauferhitzer, welche  nach  dem  Elektrodensystem  gebaut  sind,  unter 
Verwendung  von  Drehstrom  von  5  000  Volt  Spannung.  Die  Leistungs- 
aufnahme eines  Durchlauferhitzers  beträgt  300  kW,  welche  durch 
Verstellen  der  Elektroden  mittels  eines  Kettenrades  reguliert 
werden  kann,  wodurch  es  möglich  ist,  die  Ladezeit  je  nach  Bedarf 
auszudehnen  oder  zu  verkürzen.  Das  Laden  der  Speicher  während 
der  Nachtstunden  erfolgt  derart,  dass  mit  Hilfe  von  zwei  |  PS 
starken  elektrisch  angetriebenen  Turbopumpen  mit  einer  Stunden- 
leistung von  je  17  m^  das  Wasser  von  unten  aus  den  Speicherkesseln 
abgesaugt  und  durch  die  Durchlauferhitzer  von  oben  in  die  Kessel 
zurückgeführt  wird.  Das  durch  die  Erwärmung  vergrösserte 
Wasservolumen  der  Speicher  wird  durch  zwei  offene  Expansions- 
leitungen in  die  über  dem  Dachgeschoss  befindlichen  zwei  Reservoire 
geleitet,  von  welchen  es  bei  Abkalten  des  Speicherinhaltes  wieder 
in  die  Speicher  zurückfliesst. 

Die  hydraulische  Leitungsschaltung  der  Anlage  ist  derart  ausgeführt, 
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dass  entweder  beide  Kessel  oder  nur  ein  Kessel  geladen  oder 
entladen  werden  können.  Femer  ist  es  möglich,  mit  jedem  beliebigen 
Durchlauferhitzer  und  jeder  beliebigen  Pumpe  beide  Kessel  oder 
einen  beHebigen  Kessel  zu  laden. 

Die  so  beschriebene  Elektro-Speicher-Warmwasserheizung  ist  seit 
anfangs  November  1925  den  ganzen  Winter  ununterbrochen  im 
Betrieb  und  hat  während  dieser  Zeit  allen  an  sie  gestellten  An- 
forderungen voll  entsprochen.  Die  Beheizung  des  Gebäudes  ist 
eine  angenehm  gleichmässige,  sodass  alle  für  eine  Niederdruck- 
Warmwasserheizung  charakteristischen  Vorzüge  voll  in  Erscheinung 
treten. 

Die  zweite  Art  der  elektrischen  Speicherheizung  erfolgt  mit 
Elektro-Speicheröfen,  welche  direkt  in  den  zu  beheizenden  Räumen 
zur  Aufstellung  gelangen.  Während  die  ersten  Konstruktionen 
dieser  Speicheröfen  übermässig  gross  und  schwer  waren,  können 
heute  Oefen  mit  grosser  Wärmekapazität  in  gefälligen  Dimensionen 
hergestellt  werden.  Die  Ein-  und  Ausschaltung  solcher  Speicheröfen 
erfolgt  analog  wie  bei  den  Heisswasserspeichern  mittels  einer 
Schaltuhr.  Temperaturkontakte,  die  bei  Erreichung  einer  be- 
stimmten Temperatur  der  Speichermasse  den  Strom  abschalten,  sind 
bisher  nicht  in  Verwendung,  wären  aber  sehr  zweckmässig,  um  eine 
eventuelle  Ueberhitzung  bezw.  Stromverschwendung  bei  gerin- 
gerem Wärmebedarf  zu  verhindern. 

Die  Konstruktion  ist  derart  beschaffen,  dass  durch  den  elektrischen 
Strom  eine  von  einer  WärmeisoHerschicht  umgebene  Wärme- 
speichermasse aufgeheizt  wird,  in  welcher  sowohl  Heizelemente 
eingebettet  als  auch  Luftkanäle  vorgesehen  sind.  Während  der 
Speicherzeit  sind  diese  Luftkanäle  abgeschlossen  und  die  Wider- 
stände eingeschaltet.  In  den  Tagesstunden  ist  der  Widerstand 
ausgeschaltet  und  die  Luftzirkulation  durch  Oeffnen  der  Verschlüsse 
freigegeben.  Die  Heizelemente  sind  abgestuft,  sodass  es  möglich 
ist,  je  nach  der  Aussentemperatur  bezw.  Jahreszeit  und  nach  dem 
sich  voraussichtHch  ergebenden  Wärmebedarf  die  Speicherung 
zu  regulieren. 

Die  Versuche,  die  die  Wiener  städtischen  Elektrizitätswerke  mit 
solchen  Oefen  in  ihren  Büros  durchgeführt  haben,  ergaben,  dass 
infolge  der  charakteristischen  Eigenschaft  dieser  Oefen  die  Wärme 
langsam  und  gleichmässig  verteilt  und  infolge  der  geringen  Ober- 
flächentemperatur des  Ofens  eine  sehr  angenehme  und  gleich- 
mässige Heizung  erzielt  wird. 

Für  Räume,  die  nur  vorübergehend  benützt  werden,  eignen  sich 
die  Speicheröfen  nicht.  HinsichtHch  der  Wahl  der  Of  engrosse  kann 
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bei  8-stündiger  Speicherzeit  für  1  kW  Anschlusswert  12  bis  15  m^ 
Rauminhalt  gerechnet  werden. 

Die  Wiener  städt.  Elektrizitätswerke  haben  im  Laufe  des  letzten 
Winters  eingehende  vergleichende  Beobachtungen  an  ihrer  Warm- 
wasserspeicheranlage,   an    direkt    heizenden    Zirkulationsöfen,    an 
elektrischen  Oefen  mit  Speichermasse  und  Gasheizung  vorgenommen. 
Die  Warmwasserheizung  hat  insgesamt   15  100  m^  Raum  beheizt, 
mit  direkt  heizenden  Widerstandsöfen  wurden  400  m^,  mit  Einzel- 
speicheröfen  900   m^   und   mit   Gas   insgesamt   24  358   m^   Raum 
beheizt.    Die   täglich   durchgeführten   Kontrollmessungen   ergaben 
im  Mittel  für  die  gesamte  Heizperiode  pro  m^  Rauminhalt  folgenden 
Energieverbrauch: 

Elektr.  Warmwasserspeicherheizung       39    kWh/'m^ 
,,       Zirkulationsöfen         . .  . .     25         ,,  /m^ 

Elektro-Speicheröfen   . .  . .  . .     30,5      ,,  /m^ 

Gasheizung        . .  . .  . .  . .       8,9     m^/m^ 

Der  so  ermittelte  mittlere  Konsum  ergibt,  dass  der  Strompreis  je 
Kilowattstunde  bei  der  direkten  Heizung  35,6  %,  bei  der  Warm- 
wasserspeicherung  22,8  %  und  bei  der  Raumspeicherung  29,2  % 
vom  Preis  eines  Kubikmeters  Gas  betragen  darf,  wenn  die  Gas- 
heizung und  elektrische  Heizung  gleich  teuer  sein  sollen.  Dies 
ergibt  für  Wiener  Verhältnisse  einen  Strompreis  von  4,3  bis  6,7  g  je 
Kilowattstunde. 

Wenn  man  bedenkt,  dass  sich  die  Gasheizung,  obwohl  teurer  als 
die  Kohlenheizung,  wegen  der  grossen  Bequemlichkeit  trotz  mancher 
unangenehmer  Eigenschaft  in  so  weitgehendem  Masse  für  Raumbe- 
heizung eingebürgert  hat,  so  ist  es  kein  zu  grosser  Optimismus, 
wenn  man  annimmt,  dass  die  elektrische  Speicherheizung  eine 
grosse  Zukunft  hat,  da  sie  ja  unter  Umständen  nicht  höher  als 
Gasheizung  zu  stehen  kommt  und  überdies  eine  ideale  Heizung 
darstellt. 

Abschliessend  soll  nun  noch  eine  neue,  eben  in  Bau  begriffene 
Speicherwarmluftheizungsanlage  erwähnt  werden,  welche  gegen- 
wärtig vom  Wiener  Elektrizitätswerk  für  die  Beheizung  des  neuen 
Kassensaales  gebaut  wird.  Diese  Anlage  ist  im  Souterrain  unter- 
gebracht und  besteht  aus  einem  aus  Specksteinziegelwerk  aufge- 
führten 9  000  kg  schweren  Speicherofen,  der  nach  dem  Speicher- 
prinzip während  der  Nachtstunden  mit  Drehstrom  220  Volt,  60  kW 
angeheizt  wird.  Ein  Ventilator  mit  einer  Leistung  von  3  PS  saugt 
6  000  m=^  Kaltluft/Stunde  an,  treibt  diese  durch  Staubfilter  und 
Ofen  und  hierauf  durch  einen  Luftbefeuchter.  Die  so  erwärmte, 
gereinigte  und  angefeuchtete  Luft  steigt  in  Vertikalschächten  hoch, 
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erwännt  den  Kassensaal  und  findet  in  zwei  weiteren  Entlüftungs- 
schächten ihren  Abzug.  Der  zu  erwärmende  Raum  hat  1  000  m^ 
Inhalt  und  kann  mit  der  geschilderten  Warmluftanlage  bis  zu  6-mal 
pro  Stunde  entlüftet  werden. 

In  letzter  Zeit  werden  in  Wien  auch  Zentral-Elektro-Heisswasser- 
speicheranlagen  in  den  neuen  Wohnhausbauten  der  Gemeinde 
Wien  eingerichtet.  Eine  solche  Anlage  ist  nun  für  eine  Wohnbau- 
gruppe mit  900  Wohnungen  für  die  Bäder  und  Wäschereien  in  Bau. 
Zur  Deckung  des  maximalen  Wärmebedarfes  von  1 1  000  000  Cal 
pro  Tag  kommen  2  Speicherkessel  mit  je  100  m^  Inhalt  zur  Auf- 
stellung. Das  Wasser  wird  während  der  Nachtstunden  mittels  2 
Elektro-Kessel  mit  einem  Anschlusswerte  von  1  300  kW  bei  5  000 
Volt  Drehstrom  auf  174°C  erhitzt. 

Der  jährliche  Wärmebedarf  für  die  ganze  Anlage  wurde  bei  250 
Betriebstagen  mit  1  874  000  000  Cal  errechnet,  für  welche  ca. 
2  310  000  kWh  erforderlich  sind. 


RÉSUMÉ 

The  generation  of  heat  electrically  in  dwelling  houses  and  business  premises 
falls  into  three  categories  :  cooking,  provision  of  hot  water,  and  heating  of 
rooms,  etc. 

As  regards  electric  cooking  apparatus,  the  smaller  labour-saving  appliances 
are  well-developed  and  find  a  ready  market.  The  larger  utensils  which  would 
form  the  components  of  an  all-electric  kitchen  have  not,  however,  advanced 
so  far.  The  middle  classes  seem  disposed  to  favour  either  automatic  stoves 
or  storage  ranges.  The  latter  will  clearly  command  a  large  market  in  the 
future,  when  the  cost  of  manufacture  can  be  reduced.  Both  the  automatic 
stove  and  the  storage  range  can  be  fitted  with  auxiliary  devices  to  ensure 
perfect  cooking  of  the  food  with  the  minimum  of  attention  on  the  part  of  the 
housewife.  Food  may  also  be  kept  hot  for  several  hours  after  the  cooking  is 
complete  without  in  any  way  spoiling  the  quality.  The  electric  oven  when  used 
for  baking  or  for  frying  produces  a  far  better  result  than  the  old  methods  in 
both  flavour  and  nutriment.  These  advantages,  and  the  fact  that  it  is  always 
ready  for  use  and  very  quick  in  operation,  should  in  time  bring  the  electric 
range  into  widespread  popular  favour. 

One  drawback  alleged  against  the  electric  stove  is  that,  as  it  radiates 
practically  no  heat  out  to  the  rest  of  the  room,  separate  heating  must  be 
arranged  for  the  kitchen  in  winter.  Further  research  and  development  may 
surmount  this  and  several  other  difficulties. 

The  general  use  of  electric  cooking  apparatus  will  largely  depend  on  the 
introduction  of  a  suitable  special  tariff.  Attention  in  Vienna  has  hitherto, 
however,   been  directed  rather  to  the  production  of  technically  sound  and 
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thoroughly  tested  appliances  than  to  the  framing  of  a  tariff  to  popularise 
their  use. 

As  regards  water  heating,  much  is  being  done  by  means  of  storage,  the 
heating  current  being  taken  at  night  when  a  reduced  rate  is  available.  The 
low  running  cost  of  this  method  is  making  it  popular  with  a  large  number  of 
households. 

Electric  radiators  for  the  warming  of  rooms  are  mostly  used  for  supplementary 
or  emergency  heating,  and  for  cool  days  in  autumn  or  spring.  They  are  also 
used  in  places  where  heating  is  only  required  occasionally.  For  such  services 
they  are  found  to  be  far  more  economical  than  central  heating  radiator  systems, 
where  the  efficiency  of  heat  utilisation  is  much  lower.  Electric  heating, 
wherever  its  installation  is  feasible,  is  ideal,  on  account  of  its  instant  readiness, 
the  portability  of  the  fittings,  the  small  space  occupied,  its  cleanliness  and 
freedom  from  fuel  and  ash,  and  its  absolute  safety. 

The  main  obstacles  at  present  to  the  general  use  of  domestic  electric  heating 
are  its  high  working  cost  and  ignorance  on  the  part  of  the  public  of  its  many 
advantages.  Whilst,  therefore,  consumers  are  chiefly  interested  in  the 
reduction  of  tariffs,  electricity  supply  undertakings,  having  in  view  the 
increased  exploitation  of  water-power,  would  greatly  benefit  by  an  extension 
of  the  field  of  electric  heating  and  the  consequent  improvement  of  station 
load  factors. 
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Die  in  der  Nähe  Wiens  gelegenen  Steinkohlenvorkommen  sind 
ihrer  geringen  Ergiebigkeit  wegen  für  die  Brennstoffversorgung 
Wiens  bedeutungslos. 

Die  ergiebigeren  österreichischen  Kohlengewinnungsstätten,  nur 
Braunkohle  liefernd,  bedingen  infolge  ihrer  verhältnismässig  grossen 
Entfernung  von  Wien  und  des  geringen  Heizwertes  der  dort  ge- 
förderten Kohlen  hohe  Kosten  für  je  1  000  WE  in  der  Kohle  frei 
Wien.  Die  hohen  Kosten  der  heimischen  Braunkohle  und  ihre 
insbesonders  im  Hausbrande  wenig  befriedigende  Beschaffenheit, 
verschhessen  ihr  einen  nennenswerten  Absatz  in  Wien. 

Wien  ist  daher  hinsichtlich  seiner  Brennstoffversorgung  nahezu 
restlos  auf  den  Bezug  ausländischer  Kohlen  angewiesen.  Der 
beträchtliche,  durch  fremdländische  Kohle  gedeckte  Brennstoff- 
bedarf der  Haushalte  und  der  gewerbüchen  und  industriellen 
Betriebe  der  Zweimillionenstadt  Wien  wirkt  sich  in  der  Handels-  und 
Zahlungsbilanz  Oesterreichs  naturgemäss  als  eine  sehr  empfind- 
liche Belastimg  aus. 

Die  Bedachtnahme  auf  die  heimische  Volkswirtschaft  fordert  daher 
in  noch  höherem  Masse,  als  dies  in  kohlenreichen  Ländern  an- 
zustreben  ist,   die  wirtschafthchste  Verwertung  der   eingeführten 
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Kohle,  die  nach  dem  heutigen  Stand  der  Technik  in  ihrer  Ent-  und 
Vergasung  gegeben  ist. 

Die  Wiener  städtischen  Gaswerke  wirken  im  Sinne  dieses  volks- 
wirtschafthchen  Gebotes,  indem  sie  planmässig  durch  entsprechende 
Massnahmen,  die  der  Verallgemeinerung  der  Gasverwendung  als 
Heizstoff  förderlich  sind,  der  rohen  Verbrennung  der  Kohle  in  den 
Haushalten  und  den  gewerblichen  und  industriellen  Betrieben 
entgegenarbeiten . 

Die  diesem  Zwecke  dienenden  wesentlichen  Massnahmen  sind: 

1.  Ein  unter  Verzichtleistung  auf  jedweden  Gewinn  erstellter 
niedriger  Gaspreis,  derzeit  19  g/m^ — für  gewerbliche  und  industrielle 
Zwecke  im  Bedarfsfalle  noch  herabgemindert — für  ein  Gas  von 
4  250  WE/m^,  um  den  wirtschaftlichen  Wettbewerb  mit  festen 
Brennstoffen  zu  erleichtern. 

2.  Die  Schaffung  der  notwendigen  Voraussetzungen  für  die 
Gasverwendung,  d.i.  die  Herstellung  von  Gasanschlüssen  und 
Verteilleitungen  in  Wohnhäusern  und  Betrieben  unter  sehr  günstigen 
Bedingungen  und  die  Beistellung  von,  hinsichtlich  ihrer  praktischen, 
wirtschaftlichen  und  sicherheitlichen  Eignung  gut  durchgebildeten 
Gasverbrauchsgeräten  für  Haushalts-  und  technische  Zwecke  zu 
massigen  Preisen  und  im  Bedarfsfalle  zu  erleichterten  Zahlungs- 
bedingungen, um  breiten  Kreisen  die  Gasverwendung  zu  ermöglichen 
und  ihre  wirtschaftlichen  und  praktischen  Vorteile  gegenüber  der 
Verfeuerung  fester  Brennstoffe  bei  Verwendung  guter  Gasgeräte 
im  vollen  Ausmasse  zu  sichern,  und  schliesslich 

3.  Eine  alle  neuzeitlichen  Mittel  und  Wege  sich  zunutze  machende 
Aufklärungs-  und  Werbetätigkeit. 

Der  Erfolg  der  nach  diesen  Grundsätzen  tätigen  Wiener  städtischen 
Gaswerke  drückt  sich  in  der  Entwicklung  der  Kundenzahl  und  des 
Gasabsatzes  aus. 

Der  zahlenmässigen  Darstellung  dieser  Entwicklung  ist  vorzube- 
merken,  dass  sie  bis  zum  Beginne  des  Weltkrieges  sich  in  langsamer 
Stetigkeit  vollzog,  während  des  Krieges  günstig  weiter  fortschritt, 
aber  zum  fast  völligen  Verluste  der  Lichtgasabgabe  führte  (Ueber- 
gang  auf  elektrische  Beleuchtung)  und  in  den  ersten  Nachkriegs- 
jahren einen  schweren  Rückschlag  erfuhr,  der  auf  die  Verweigerung 
der  zum  ungeschmälerten  Betrieb  der  Wiener  städtischen  Gaswerke 
erforderlichen  Kohlenlieferungen  seitens  des  czechoslowakischen 
Staates  zurückzuführen  ist.  Von  dem  Zeitpunkte  an,  zu  dem  Kohle 
auch  für  Wien  wieder  in  jeder  Menge  erhältlich  war,  setzte  die 
unterbrochene  Entwicklung  wieder  in  günstigem  Sinne  ein  und 
hält  seither  an. 
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GASABGABE  UND  ZAHL    DER    GASABNEHMER    ZEIGEN    IN    DEM 
VORBEHANDELTEN  ZEITABSCHNITT  FOLGENDE  ENTWICKLUNG: 


Zu-  oder 

Zunahme 

Abnahme 

in  % 

1914. 

1919. 

in  % 
gegenüber 

1927. 

gegenüber 

1914. 

1919. 

1914. 

Gesamtgasabgabe    in 

Millionen  m^     ... 

199 

153 

-23 

293,4 

92 

48 

Nutzbare    Gasabgabe    in 

Millionen  m^     ... 

189,4 

140,7 

-26 

277,9 

97 

47 

Gesamtzahl    der    Gasab- 

nehmer 

216  632 

239  060 

+  10 

426  510 

78 

97 

Die  Gasverwendung  in  der  Hauswirtschaft. — Die  Wiener 
städtischen  Gaswerke  fördern  die  Verwendung  des  Gases  als 
Heizstoff  für  alle  Zwecke  der  Hauswirtschaft,  ausgenommen 
der  Verwendung  zur  Raumheizung.  Diese  Ausnahme  findet 
ihre  Begründung  in  der  Tatsache,  dass  die  Verwendung  des  Gases 
als  Heizstoff  zu  Raumheizzwecken  bei  Dauerheizung  auch  bei  dem 
niedrigen  Preise  von  19  g/m^  wesentlich  teurer  zu  stehen  kommt, 
als  die  Verwendung  fester  Brennstoffe  in  gut  durchgebildeten  Raum- 
heizöfen. Eine  Herabsetzung  des  Gaspreises  für  Raumheizzwecke, 
um  sie  auch  preishch  der  Verteuerung  fester  Brennstoffe  wett- 
bewerbfähig zu  machen,  könnte — dies  gilt  wenigstens  für  die  Wiener 
Verhältnisse— im  Hinblicke  auf  die  ungünstige  Beeinflussung  der 
Betriebswirtschaft  durch  den  sprunghaft  wechselnden  Bedarf 
an  Raumheizgas,  nur  durch  eine  Erhöhung  des  Gaspreises  für  alle 
übrigen  Verwendungszwecke  des  Gases  erfolgen.  Dies  hätte  ohne 
Zweifel  eine  rückläufige  Entwicklung  des  das  ganze  Jahr  hindurch 
ziemlich  gleichmässig  die  Werke  belastenden  Gasbedarfes  zur 
Folge.  Die  Wiener  städtischen  Gaswerke  fördern  dagegen  mit 
vollem  Erfolg  die  Verwendung  des  in  ihren  Werken  erzeugten 
Kokses  zu  Raumheizzwecken. 

Für  die  von  den  Wiener  städtischen  Gaswerken  geförderten  An- 
wendungsgebiete des  Gases  in  der  Hauswirtschaft,  zur  Speisen- 
und  Warmwasserbereitung  und  zum  Bügeln  ist  die  preisHche  Wett- 
bewerbfähigkeit gegenüber  festen  Brennstoffen  im  Vorsprunge.  Die 
Verallgemeinerung  der  Gasverwendung  in  den  Wiener  Haushalten 
verbilligt  daher  die  Haushaltführung  und  da  sie  diese  ge- 
genüber den  festen  Brennstoffen  auch  erleichtert,  ist  die 
Eindämmung  der  Verbrennung  roher  Kohle  in  den  Haushalten 
nicht  nur  aus  volkswirtschaftlichen  Gründen,  sondern  auch  der 
privatwirtschaftlichen  und  sozialen  Vorteile  wegen  geboten. 
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Ueber  die  zunehmende  Verbreitung  der  Gasverwendung  in  den 
Haushalten  gibt  die  folgende  Zahlentafel  Aufschluss. 


1914. 

1919. 

Zu-  oder 

Abnahme 

gegenüber 

1914 

in   % 

1927. 

Zu-  oder 
Abnahme 

in  °„ 
gegenüber 

1919. 

1914. 

Gesamtzahl     der 
Wohnungen 

541  000 

555  000 

+  2,6 

581  000 

+  4,7 

+  7,4 

Zahl    d. Wohnungen, 
in  denen  Gas  ver- 
wendet wird 

d.s.  %           

162  000 
30 

185  000 
33,4 

+  14,0 

373  000 
64,2 

+  101 

+  130 

Gasabgabe  für  Haus- 
halte in  Mill.  m3 

115 

86 

-25 

198 

+  130      +72 

Gasabgabe  je  Haus- 
halt in  m^ 

710 

489 

-31 

531 

+  8,6 

-25 

Beachtenswert  ist  die  Verdopplung  der  Zahl  der  Wohnungen,  in 
denen  Gas  für  hauswirtschaftliche  Zwecke  verwendet  wird,  und  die 
Steigerung  des  Gasabsatzes  für  diese  Zwecke  um  72  vH  während 
des  verhältnismässig  kurzen  Zeitabschnittes  von  1919  bis  1927,  d.i. 
innerhalb  8  Jahren. 

Der  Rückschlag  im  Jahre  1919  gegenüber  1914  ist  auf  die  durch 
den  Kohlenmangel  erzwungene  einschneidende  Beschränkung  der 
Gasverwendung  in  den  Haushalten  zurückzuführen. 

Die  Senkung  der  jährlichen  Gasabgabe  je  Haushalt  im  Jahre  1927 
gegenüber  1914  findet  ihre  Erklärung  in  dem  Umstände,  dass  der 
in  diesem  Zeitabschnitte  zu  verzeichnende  Zuwachs  vorwiegend  in 
kleinen  und  mittleren  Haushalten  bestand,  in  denen  das  Ausmass  des 
Gasbedarfes  naturgemäss  ein  geringeres  ist  als  in  den  grösseren 
Haushalten,  die  bis  1914  einen  verhältnismässig  stärkeren  Anteil  an 
der  Gesamtzahl  der  gasverbrauchenden  Haushalte  darstellen  als 
jetzt. 

Nach  der  vorstehenden  Zahlentafel  sind  bereits  rund  zwei  Drittel 
aller  Wiener  Haushalte  für  die  Verwendung  von  Gas  in  der  Hauswirt- 
schaft gewonnen. 

Nach  der  Entwicklung  der  letzten  Jahre — die  Zahl  der  gasver- 
brauchenden Haushalte  steigerte  sich  1925  um  25  000,  1926  um 
34  000  und  1 927  um  39  500 — ist  die  Annahme  zulässig,  dass  binnen 
wenigen  Jahren  wohl  der  grösste  Teil  aller  Wiener  Haushalte  für 
die  Gas  Verwendung  gewonnen  sein  wird. 
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Die  Rückwirkung  der  Umstellung  der  Haushalte  von  Kohle  auf 
Gas  auf  die  Einfuhr  von  Kohle  aus  dem  Auslande  nach  Wien  wird 
am  Schlüsse  dieses  Berichtes  kurz  erörtert  werden. 

Die  Gas  VERWENDUNG  im  Gewerbe. — Ungleich  vielgestaltiger  als 
in  der  Hauswirtschaft  sind  die  Verwendungsmöghchkeiten  des 
Gases  in  den  Gewerben.  Es  gibt  kaum  einen  gewerblichen  Betrieb, 
in  dem  nicht  in  grösserem  oder  kleinerem  Masse  Gas  als  Brennstoff 
zu  technischen  Feuerungszwecken  verwendet  werden  könnte. 

Die  Umstellung  der  gewerbhchen  Feuerstätten  in  Wien  von  Kohle 
auf  Gas  als  Brennstoff  vollzieht  sich  im  allgemeinen  jedoch  langsamer 
als  dies  in  den  Wiener  Haushalten  der  Fall  ist.  Die  Begründung 
hiefür  liegt  vor  allem  in  dem  Umstände,  dass  gewerbliche  Feuer- 
stätten für  feste  Brennstoffe  in  der  Regel  wärmewirtschaftlich 
zweckmässiger  durchgebildet  sind,  als  dies  bei  häuslichen  Feuerungs- 
anlagen der  Fall  ist.  Die  Wettbewerbfähigkeit  des  Gases  gegenüber 
festen  Brennstoffen  ist  demnach — insbesondere  dann,  wenn  nur 
die  Brennstoffkosten  Kohle  :  Gas  verglichen  werden — nicht  in  allen 
FäUen  so  offenkundig  und  daher  für  die  Umstellung  sprechend,  als 
dies  für  die  Hauswirtschaft  zutrifft.  Nichtsdestoweniger  macht 
aber  die  Umstellung  der  technischen  Feuerungsanlagen  in  den 
gewerbhchen  Betrieben  in  Wien  beachtenswerte  Fortschritte. 

Während  im  Jahre  1919  rd.  26  Millionen  m^  Gas  an  gewerbhche 
Betriebe  abgegeben  wurden,  betrug  der  Gasabsatz  für  technische 
Heizzwecke  im  Jahre  1927  bereits  53  MiUionen  m^.  In  der  für 
das  Jahr  1919  ausgewiesenen  Gasabgabe  von  26  Millionen  m^  ist 
auch  die  für  die  Beleuchtung  in  Betriebsräumen  verbrauchte 
Gasmenge  inbegriffen,  die  damals  einen  nicht  unbeträchtlichen 
Teil  dieser  Gasabgabe  darstellte.  Durch  den  in  der  Folge  in  den 
meisten  Betrieben  vollzogenen  Uebergang  auf  die  elektrische 
Beleuchtung  der  Arbeitsräume  ist  ein  nennenswerter  Verbrauch 
von  Gas  für  Beleuchtungszwecke  nicht  mehr  gegeben.  Die  im 
Jahre  1927  für  gewerbliche  Zwecke  abgesetzte  Gasmenge  stellt 
demnach  den  fast  nur  für  technische  Heizzwecke  erzielten  Gasabsatz 
dar.  Die  Zahl  der  gewerblichen  gasverwendenden  Betriebe  stieg 
von  21  500  im  Jahre  1919  auf  22  490  im  Jahre  1927. 

Der  Steigerung  des  Gasabsatzes  in  diesem  Zeitabschnitte  von 
rd.lOO  vH  steht  nur  eine  Erhöhung  der  Zahl  der  gasverbrauchenden 
Betriebe  um  rd.  5  vH  gegenüber,  ein  Ergebnis,  das  auf  die  immer 
weitergehende  Verwendung  des  Gases  zu  technischen  Zwecken 
innerhalb  der  einzelnen  Betriebe  zurückzuführen  ist. 

Von   Interesse  ist  nun  die   Entwicklung  der  Gasverwendung  in 
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den  als  Gasabnehmer  bedeutsamsten  Gruppen  der  gewerblichen 
Betriebe  innerhalb  des  Zeitabschnittes  von  1919  bis  1927,  worüber 
die  nachstehende  Zahlentafel  Aufschluss  gibt. 


Gewerbegruppe. 

Zahl  der  gasver- 
brauchenden 
Betriebe. 

Gasabsatz  in 
tausend  m*. 

1919. 

1927. 

1919.          1927. 

Grossküchen,  Gast-  und  Kaffeehäuser 

102 

1  261 

3  150 

21  200 

Metallverarbeitende  Gewerbe  ... 

363 

578 

5  650 

11  900 

Fleischverarbeitende     Gewerbe     (Sel- 
chereien) 

63 

251 

195 

2  480 

Zuckerbäcker 

62 

256 

280 

1  880 

Wäschereien 

161 

308 

470 

1  830 

Besonders  beachtenswert  ist  die  sprunghafte  Steigerung  der 
Gasverwendung  in  Grossküchen  und  Gast-  und  Kaffeehäusern  in 
der  knappen  Zeitspanne  von  8  Jahren  sowohl  nach  der  Zahl  der 
auf  Gasverwendung  übergegangenen  Betriebe,  als  auch  dem  Gas- 
bedarf e  nach.  Die  praktischen  Vorteile  der  Gasverwendung 
gegenüber  der  Verteuerung  fester  Brennstoffe:  Reinlichkeit  des 
Betriebes,  rasche  Anpassung  an  wechselnde  Bedürfnisse  und  stete 
Betriebsbereitschaft,  kommen  in  dieser  Gewerbegruppe  besonders 
wirksam  zur  Geltung,  ein  Umstand,  dem  die  rasche  Entwicklung 
zuzuschreiben  ist. 

Von  den  insgesamt  in  Wien  bestehenden  Gastwirtschaften  sind 
bereits  über  14  vH,  von  den  Kaffeehäusern  35  vH  auf  die  aus- 
schliessliche Verwendung  von  Gas  an  Stelle  von  Kohle  in  den 
Küchenbetrieben  übergegangen. 

Die  der  Zunahme  der  Anlagen  voraneilende  Steigerung  des 
Gasabsatzes  in  den  metallverarbeitenden  Gewerben  ist  eine  Folge 
der  umsichgreifenden  Nutzbarmachung  der  Vorteile  der  Gasver- 
wendung innerhalb  der  einzelnen  Betriebe.  Eine  anhaltend 
günstige  Entwicklung  der  Gasverwendung  ist  auch  in  zahlreichen 
Betrieben  der  übrigen  Gewerbegruppen  feststellbar. 

Die  Verallgemeinerung  der  Gasverwendung  in  den  Haushalten 
und  den  gewerblichen  Betrieben  drückt  sich  auch  deutlich  in  dem 
Ansteigen  der  je  Jahr  und  Kopf  der  Wiener  Bevölkerung  nutzbar 
abgegebenen  Gasmenge  aus.  Sie  betrug  im  Jahre  1914  .  .  91,6  m^, 
verminderte  sich  im  Jahre  1919  aus  dem  bereits  erwähnten  Grunde 
auf  70,7  m^*  und  stieg  im  Jahre  1927  auf  148,5  m^.     Auf  das  Jahr 
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1914  bezogen,  beträgt  die  Steigerung  innerhalb  13  Jahren  62  vH. 
Diese  Steigerung  ist  umso  beachtenswerter,  als  im  Jahre  1914  noch 
ein  beträchtlicher  Teil  der  gesamten  Gasabgabe  Beleuchtungs- 
zwecken diente,  ein  Gasabsatzgebiet,  das  in  den  folgenden  Jahren 
infolge  der  Umstellung  der  Beleuchtung  der  Wohn-  und  Arbeits- 
räume von  Gas  auf  elektrischen  Strom  fast  restlos  verloren  wurde. 

Wie  wirkt  sich  nun  das  Vordringen  des  Gases  als  Heizstoff  in  den 
Haushalten  und  gewerblichen  Betrieben  im  Kohlenbedarfe  der 
Stadt  Wien  aus? 

Im  Jahre  1927  wurden  für  hauswirtschaftliche  Zwecke  198  Millionen 
m^  Gas  und  für  technische  Heizzwecke  in  gewerblichen  Betrieben 
53  Millionen  m^  abgegeben.  Erfahrungsgemäss  ersetzt  1  m^  Gas 
im  Haushalte  etwa  5  kg,  in  gewerblichen  Betrieben  3  kg  Kohle. 
Die  vorangeführten  Gasmengen  ersetzen  daher  rd.  1,1  Millionen 
Tonnen  Kohle,  die  aus  dem  Auslande  eingeführt  werden  müssten, 
wenn  die  mit  Gas  bewirkte  Wärmeleistung  durch  die  unmittelbare 
Verbrennung  von  Kohle  erzielt  werden  müsste.  Zur  Erzeugung 
der  25 1  Milhonen  m^  Gas  mussten  rd.  500  000  t  aus  dem  Auslande 
bezogene  Kohle  aufgewendet  werden,  von  der  etwa  die  halbe 
Menge  in  Form  von  Koks,  einem  der  verarbeiteten  Kohle  an  Heiz- 
wert ungefähr  gleichwertigen  festen  Brennstoff,  gewonnen  und  als 
Ersatz  für  Kohle  in  Verkehr  gebracht  wurde.  Durch  die  Ver- 
drängung der  Kohle  als  unmittelbar  verwendeten  Brennstoff  in  den 
Haushalten  und  den  gewerbhchen  Betrieben  durch  Gas  verringert 
sich,  bezogen  auf  die  im  Jahre  1927  gegebenen  Verhältnisse,  die  aus 
dem  Auslande  nach  Wien  anderenfalls  einzuführende  Kohlenmenge 
um  1  100  000-(500  000-250  000),  d.i.  um  850  000  t. 

Dieses  ausserordentlich  günstige  Ergebnis  für  die  österreichische 
Volkswirtschaft  ist  derart  offenkundig,  dass  ein  weiterer  Hinweis 
auf  die  Notwendigkeit  der  restlosen  Umstellung  der  Wärmewirtschaft 
in  den  Haushalten  und  einer  möglichst  weitgehenden  in  den  gewerb- 
lichen Betrieben  von  Kohle  auf  Gas  sich  erübrigt. 

RÉSUMÉ 
The  Vienna  Municipal  Gas  undertaking  has  taken  three  steps  for  increasing 
the  competitive  power  of  gas  against  solid  fuels  and  for  otherwise  encouraging 
its  use: — 

[a)  A  low  gas  rate  has  been  adopted,  namely,  19  groschen  per  cu. 
metre  (37-7  pence  per  1,000  cu.  ft.),  for  a  gas  of  4,250  cals,  per  cu. 
metre  (445  B.Th.U.  per  cu.  ft.  at  60°F.  and  30  in.). 
[h)  New  gas  connections  are  made  and  services  laid  on  favourable  terms, 
and  efficient  gas  appliances  furnished  at  low  rates  and  on  easy  pay- 
ments, 
(c)    Extended  propaganda  has  been  organised. 
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The  success  of  these  arrangements  is  clearly  shown  in  the  increase  in  the 
number  of  gas  consumers,  from  239,060  in  1919  to  426,510  in  1927 — an 
increase  of  78  per  cent. 

Utilisation  of  Gas  for  Domestic  Purposes. — The  Vienna  Gas  undertaking 
encourages  the  use  of  gas  for  the  cooking  of  food,  for  hot  water  heating,  and 
for  ironing.  It  purposely  avoids  pressing  the  application  of  gas  for  the  heating 
of  rooms  because  rapid  variations  in  the  heating  load  influence,  unfavourably, 
the  operation  of  the  gasworks.  In  place  of  this,  the  undertaking  successfully 
encourages  the  use  of  gas  coke  for  the  heating  of  buildings. 

The  following  figures  show  the  development  in  the  consumption  of  gas  in 
Vienna  for  domestic  purposes: — 


1919. 


1927. 


Per  cent,  increase. 


Number  of  households  using  gas 
Gas  supplied  to  households: 

(a)  in  millions  of  cubic  metres 

(b)  in  millions  of  cubic  feet   ... 


185,000 

86 
3,040 


373,000 

198 
7,000 


101 
130 


Utilisation  of  Gas  in  Industry. — Notwithstanding  that  transition  from 
coal  firing  to  gas  firing  is  a  slower  process  in  industrial  applications  than  in 
households,  remarkable  progress  in  the  former  has  been  experienced.  The 
number  of  instances  of  the  industrial  use  of  gas  have  risen  from  21,500  in  1919 
to  22,490  in  1927,  the  respective  gas  consumptions  having  increased  from 
26,000,000  to  53,000,000  cu.  metres  (917,000,000  to    1,870,000,000  cu.  ft). 

This  increase  has  occurred  mainly  in  large  kitchens,  cafés  and  restaurants, 
the  gas  consumption  in  which  has  increased  as  much  as  sevenfold,  and  in  the 
metal  working  trades  where  the  consumption  has  doubled. 

The  general  use  of  gas  in  Vienna,  in  both  households  and  industry,  may  be 
seen  by  the  increase  in  the  amount  of  gas  used  per  head  of  population  per 
annum.  It  has  risen  from  70-7  cu.  metres  (2,500  cu.  ft.)  in  1919  to 
148-5  cu.  metres  (5,250  cu.  ft.)  in  1927. 

The  political  and  economical  importance  of  the  extension  of  gas  utilisation 
in  Vienna  and,  indeed,  of  Austria,  may  be  understood  from  the  fact  that  in 
1927  an  additional  importation  of  coal  of  850,000  tons  (metric)  would 
have  been  required  in  Vienna  if  no  gas  had  been  used  for  domestic  and 
industrial    purposes. 
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RÉSUMÉ 

COMBUSTION  OF  BROWN  COAL  IN  EXISTING  STOVES 

In  the  Czechoslovak  Repubhc,  without  considering  the  consump- 
tion of  wood  and  the  coal  used  at  coal  mines,  coking  plants,  gasworks 
and  briquetting  plants,  approximately  20,000,000  tons  of  soUd  fuel 
are  consumed  annually.  Of  this  more  than  3,500,000  tons,  that  is, 
about  18  per  cent,  of  the  total  consumption,  are  used  in  domestic  fires. 

As  this  fuel  is  generally  used  in  a  very  unsatisfactory  manner,  and 
household  fireplaces  are  often  sources  of  excessive  amounts  of  smoke, 
a  large  number  of  experiments  have  been  carried  out  by  the  Institute 
for  the  Economical  UtiUsation  of  fuel,  which  is  the  centre  of  the 
organisations  attempting  to  improve  the  design  of  the  domestic 
fireplace,  the  object  of  which  was  to  ascertain  the  degree  of  and  the 
reasons  for  the  various  losses,  and  to  fix  the  lines  along  which  it  is 
possible  to  reduce  substantially  these  losses  and  to  limit  the  develop- 
ment of  smoke. 

The  chief  reason  for  the  unsatisfactory  utilisation  of  fuel  and  the 
excessive  development  of  smoke  is  that  about  three-quarters  of  the 
fuel  consumption  in  domestic  fireplaces  is  represented  by  brown 
coal,  which  in  considerable  districts  of  the  State  is  much  cheaper 
than  other  fuel. 
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It  was,  therefore,  necessary  to  pay  the  greatest  attention  to  the 
burning  of  brown  coal.  This  fuel  contains,  according  to  the  quality 
and  degree  of  dryness,  15  to  35  per  cent,  of  water  and  5  to  15  per  cent, 
of  ash.  The  organic  matter  generally  contains  20  to  35  per  cent,  of 
oxygen,  nitrogen  and  sulphur,  5  to  5-8  per  cent,  hydrogen  and  60  to 
75  per  cent,  carbon.  To  100  parts  of  carbon  there  are,  therefore, 
6-7  to  9-7  parts  of  hydrogen  and  26-7  to  46-7  parts  of  oxygen, 
nitrogen  and  sulphur.  One  of  the  most  important  criterions  of  this 
fuel  is  its  volatile  content,  which  varies  generally  between  50  and 
58  per  cent,  of  the  organic  matter.  In  varieties  with  exceptional 
volatile  contents  this  limit  has  even  been  exceeded,  and  in  better 
qualities  it  sometimes  sinks  below  the  figures  given.  The  gross  calo- 
rific value  of  the  organic  matter  is  usually  between  7,000  and  7,900 
calories  per  gram,  and  the  calorific  value  of  the  brown  coal  lies 
between  4,300  and  5,100  calories  per  gram,  this  applying  only  to  the 
varieties  used  for  heating.  Some  lower  grades  used  in  industry 
have  a  considerably  lower  calorific  value.    A  very  valuable  property 


Fig.  1.     A.    Domestic  stove  commonly  used  in  Czechoslovakia  for  Brown  Coal. 

B    and    C.     Re-designs    thereof    (avoiding    complete    reconstruction)    to 

attain  more  efficient  combustion. 

is  possessed   by  Bohemian  and  Slovak  brown  coals  in  that  when 
burning  they  do  not  swell  and  do  not  cake  to  a  great  extent. 
Of  the  various  types  of  fireplace,  the  stove  with  tall  angular  fire 


c2 
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space  has  gained  the  most  favour,  this  being  fitted  with  the  straight 
grate  shown  in  Fig.  lA.  In  this  case  the  hot  gases  general^  flow 
from  the  fire  space  through  one  horizontal  flue  to  three  vertical 
flues.  In  most  cases  air  is  only  admitted  to  the  fire  space  as  air  of 
combustion;  and  only  infrequently  is  this  fireplace  equipped  for 
admission  of  additional  air.  In  the  matter  of  attention,  in  most 
cases  this  fireplace  requires  the  addition  of  the  fuel  to  the  whole 
grate  in  considerable  quantities  and  at  relatively  long  intervals. 
As  a  consequence,  the  fuel  dries  quickly  and  is  heated  to 
the  temperature  at  which  rapid  distillation  starts.  As  alreadj^ 
mentioned,  the  organic  matter  contains  more  than  half  by 
weight  of  volatile  matter,  and  therefore  at  relatively  short 
intervals,  unusually  large  quantities  of  gases  of  distillation 
and  tarry  vapours  are  developed.  In  this  phase  of  the  combustion, 
the  conditions  for  complete  combustion  of  the  fuel  are  unfavourable 
since,  when  adding  the  fuel,  the  temperature  in  the  fire  place  is  re- 
duced owing  to  the  cooling  caused  by  air  flowing  through  the 
charging  door  as  well  as  by  the  fresh  fuel.  The  fall  of  temperature 
in  this  fire  place  is  often  so  considerable  that  the  necessary  com- 
bustion temperatures  of  several  of  the  distillation  fractions  are 
not  reached.  The  second  objection,  which  is  the  cause  of  a  still  more 
harmful  influence  on  the  completeness  of  combustion,  is  the  insuffi- 
ciency of  air  caused  by  the  increased  resistance  of  the  grate  under 
the  influence  of  the  freshly  added  fuel,  although  the  air  require- 
ments are  much  greater  in  the  period  of  distillation  than  in  the 
other  periods.  x\s  soon  as  the  fuel  has  given  off  its  volatile  matter 
a  large  superfluity-  of  air  occurs  in  the  fire  space,  which  causes  the 
temperature  of  combustion  to  fall  and  increases  the  chimney  losses. 
In  the  process  of  combustion  as  indicated,  the  composition  of  the 
fuel  as  it  is  burning,  the  air  consumption  as  well  as  the  amount  of 
excess  air  and  the  temperature  in  the  fire  space  change  within  wide 
limits. 

EXPERIMENTAL  INVESTIGATIONS 
Influence  of  Method  of  adding  Fuel  and  Air 

Tests  have  been  made  with  stoves  of  the  type  indicated  in  Fig.  lA. 
In  these  experiments  the  influence  was  ascertained  of  the  method 
of  adding  the  fuel  and  the  additional  air  on  the  average  efficiency, 
or  the  various  losses  and  the  development  of  smoke.  The  com- 
position of  the  flue  gases  was  accurately  ascertained  from  average 
samples  of  the  flue  gases  drawn  off  at  short  intervals  and  in  abso- 
lutely equal  quantities  to  an  aspirator  with  mercury  seal  during 
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Fig.  2.     Composition  of  "Flue  Gases"  in  tests  in  A-type  stove  (Fig.   1) 
Lower  curve  indicates  percentages  of  CO^. 
Hatched  curve  indicates  perceyitage  of  combustibles. 
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the  period  from  the  ignition  of  the  fuel  to  the  complete  combustion 
of  the  last  lot  added,  when  the  door  of  the  ash-pan  was  closed.  In 
addition  to  this  the  progressive  composition  of  the  flue  gases  was 
registered.  The  other  values  were  measured  by  the  usual  methods. 
Altogether  a  series  of  four  experiments  was  made,  as  follows: — 
(a)  With  regular  addition  of  fuel  over  the  whole  surface  of  the 

grate,  which  was  200  x320  mm.,  without  additional  air, 
{b)   the  fuel  being  added  by  the  same  method  as  {a)  but  in  this  case 
using  additional  air, 

(c)  the  fuel  being  added  by  first  pushing  the  completeh'  burnt  fuel 
to  the  back  half  of  the  grate  and  adding  the  fresh  fuel  onty  to 
the  grate  surface,  thus  made  free  without  additional  air, 

(d)  the  fuel  again  being  added  as  in  test  (c)  but  with  the  use  of 
additional  air. 

In  all  these  experiments  Bohemian  brown  coal  from  the  "Julius" 
State  Mines  was  used  in  the  form  of  size  No.  1  nuts.  The  various 
pieces  of  this  fuel  were  of  dimensions  20  to  40  mm.  The  fuel  used 
had  a  calorific  value  of  4,300  to  4,334  calories  and  was  added  in 
batches  of  2  Kg.  at  intervals  of  15  to  20  minutes.  In  those  cases 
where  additional  air  was  used,  this  was  admitted  to  the  fire  space 
by  openings  in  the  inside  fire  doors. 

The  method  of  adding  fuel  and  the  use  of  additional  air  had  a  very 
important  influence  on  the  completeness  of  combustion,  the  extent 
of  the  losses,  the  efficiency,  and  also  on  the  development  of  smoke. 
The  progress  of  the  composition  of  the  flue  gases  as  registered  is 
indicated  on  Fig.  2,  and  the  development  of  smoke  measured  by 
the  Ringelmann  scale  at  one  minute  intervals  on  Fig.  3. 

In  the  diagrams  shown  on  Fig.  2  the  lower  line  indicates  the 
progressive  percentages  of  CO2  in  the  flue  gases;  the  "hatched"  area 
abo\'e  it  the  progressive  contents  of  combustible  gases,  which, 
however,  are  not  given  exactly  quantitatively.  The  period  in- 
dicated by  the  word  "aspirator"  gives  the  time  during  which  flue 
gases  were  drawn  off — that  is  the  period  in  which  the  experimental 
determinations  were  made.  The  chain  dotted  line  indicates  the 
average  contents  of  CO2  ascertained  exactly  by  the  analyses  of  the 
samples  continuously  drawn  off.  The  main  data  and  results  of  the 
experiments  are  drawn  up  in  Table  A.  In  both  Fig.  2  and  Table  A 
the  values  corresponding  to  the  tests  given  under  a,  b,  c,  and  d  are 
indicated  by  the  same  letters.  From  the  results  of  these  experi- 
ments it  is  obvious  that  when  firing  a  high  volatile  coal  such  as 
Bohemian  brown  coal,  the  volatile  part  of  the  organic  matter  of 
which  is  distilled  at  relatively  low  temperatures,  if  a  suitable 
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TABLE  A. 
RESULTS  OF  TESTS  ON  DIFFERENT  TYPES  OF  STOVES  BURNING  BROWN  COAL. 


Design  of  stove  according  to      

Fig. 

lA 

Fig.  4D 

Fig.  lA 

Fig.  IC 

Fig. 

4E 

Heating  surface  of  stove,  sq.  metres 

3 

31 

3 

4-8 

Column  No. 

a 

b 

c 

d 

e 

f 

g 

h      1       i 

Method  of  adding  fuel    ... 

over 
area  o 

whole 
grate 

pushing  burnt 
fuel  back 

* 

over 
whole 
area  of 
grate 

charger  hopper 

Additional  air  used 

no 

yes 

no 

yes 

yes 

no 

yes 

no 

yes 

Class  of  fuel     

Bohemian  brown  coal  from  the  "Julius"  State  Mine 

1st.  nuts 

Fuel 
conditions 

Heating  value  in  calories  per  Kg. 

4309 

4334 

4363 

4309 

4363 

Intervals  between  adding  fuel,  min. 

15— 

-20 

15-20 

- 

Size  of  batches.  Kg 

2 

1-5 

- 

Total  quantity  burnt,  Kg 

20 

10-5 

16 

Draft  in  flue             mm.W.G. 

2-5 

2-6 

31 

2-9    1       1-1 

3-8 

2-7 

1       '■' 

1-5 

Oh 

Average  composition  of  the 
flue  gases,  per  cent. 

CO, 

11-65 

13-85 

11-6 

11-0 

10-45 

7-05 

10-2 

Î       8-6 

9-3 

s 

o.     

605 

4-7 

6-5 

8-25 

8-6 

6-25 

130 

8-6 

9-55 

H,       

1-2 

0-2 

0-75 

015 

0-2 

2-25 

0-05 

2-6 

0-04 

i 

CO      

31 

0-75 

1-85 

015 

0-3 

505 

0-15 

41 

O-I 

fe 

CH, 

0-75 

015 

0-45 

005 

0-05 

0-9 

0-05 

0-4 

007 

rt 

Q,H„ 

0-25 

- 

01 

- 

- 

0-35 

- 

01 

- 

Ml 

C 

Average  difierence  in  temperature  between  the  flue 
gases  and  air  "C     ... 

240 

358 

311 

357 

193-3 

245 

199 

126 

151-7 

"S 

Time  average 
losses 

Chimney  losses,  Zt  ...    per  cent. 

10-5 

17 

17 

24 

12-9 

10-2 

19-3 

7-13 

11-67 

8 

Heat  losses  in  combustible  gases 
in  the  "flue  gases,"  Z„  per  cent. 

27-7 

5-5 

18-4 

2-3 

3-5 

40-8 

2-8 

36-93 

217 

S 

o 

Content  of  combustible  matter 
in  ashes,  Zp       ...         per  cent. 

2-5 

2-6 

3-3 

3-4 

1-9 

1-4 

0-5 

— 

01 

> 

Approximate  extent  of  losses  not  ascertained  ... 

per  cent. 

2-5 

2-0 

2-6 

0-5 

0-8 

3-2 

0-2 

2-24 

0-26 

.S 

Approximate  average   time-efficiency  ...  per  cent. 

56-8 

72-9 

58-7 

69-8 

80-9 

44-4 

77-2 

53-7 

85-8 

Approximate  development  of  smoke  according  to 
the  Ringelmann  scale 

1-65 

1-3 

1-72 

0-36 

0-5 

2- 125 

0-125 

- 

- 

'  Adding  to  the  burnt  layer  of  fuel,  alternatively  to  the  front  and  back. 
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quantity  of  additional  air  is  not  used,  the  method  of  adding  the  fuel 
has  relatively  Httle  influence  on  the  completeness  of  combustion 
and  the  total  efficiency  of  the  fireplace  or  on  the  development  of 
smoke,  as  may  be  seen  from  Figs.  2  and  3,  and  from  columns  a  and  c 
(Table  A).  By  adding  fuel  by  pushing  it  is  true  that  the  losses  due 
to'combustible  gases  in  the  flue  gases  were  reduced,  but  altogether 
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Fig.  3.     Smoke  production  in  tests  on  A-type  stove   (Fig.    1)  in  degrees  on 
Ringelmann's  scale. 

no  substantial  reduction  of  the  losses  or  increase  of  the  efficiency 
was  attained,  since  at  the  same  time  the  chimney  losses  and  the  losses 
by  combustible  matters  in  the  remaining  fuel  were  increased. 
Finally,  on  the  development  of  smoke  the  adding  of  the  fuel  by 
pushing  had  an  unfavourable  influence,  which  is  chiefly  explained 
by  the  circumstance  that  by  this  method  of  adding,  smoke  develops 
for  a  longer  period  owing  to  the  influence  of  the  extended  period  of 
distillation.  The  use  of  a  suitable  quantity  of  additional  air  exerted 
a  more  perceptible  influence  than  the  method  of  pushing  the  fuel. 
This  air  must  be  admitted  to  the  fire  space  in  such  a  manner  that 
it  is  dispersed  and  that  perfect  mixing  with  the  burning  gases  takes 
place.     In  experiment  b,  in  which  the  quantity  of  added  air  was 
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very  well  controlled,  as  compared  with  experiment  a,  in  which  the 
fuel  was  added  in  exactly  the  same  manner,  an  unusual  improvement 
of  the  degree  of  combustion  took  place,  although  the  excess  of  air 
was  relatively  small.  The  composition  of  the  flue  gases  was  chiefly 
improved  in  this  case  as  regards  the  content  of  hydrogen  and 
hydrocarbons.  The  losses  by  imperfect  combustion  were  thus 
much  reduced  and  the  efficiency  of  the  stove  was  in  a  remarkable 
manner  increased  from  56-8  per  cent,  to  72-9  per  cent.,  that  is,  by 
more  than  28  per  cent.  A  relatively  less  satisfactory  influence  was 
exerted  by  the  additional  air  on  the  development  of  smoke,  which 
was  only  reduced  from  1  -65  to  1  -3.  In  experiment  d,  in  which 
the  fuel  was  added  by  pushing  and  at  the  same  time  additional  air 
was  used,  this  being  admitted  through  openings  of  the  same  area 
as  in  experiment  b,  further  improvement  in  combustion  was  attained, 
but  no  improvement  of  efficiency  resulted  for  the  reason  that  as 
compared  with  experiment  b,  the  excess  of  air  increased  and 
consequently  also  the  chimne}'  losses.  On  the  other  hand, 
satisfactory  reduction  in  the  development  of  smoke  was  reahsed. 

From  the  results  mentioned  it  follows  (as  has  been  reported  in 
other  connections  and  by  other  authors),  that  when  high  volatile 
coal  is  added  periodically  on  a  flat  grate,  the  necessary  quantity 
of  air  can  not  be  drawn  in  through  the  grate  during  the  period  of 
distillation.  If  greater  draught  is  used,  the  quantity  of  air  drawn 
through  the  grate  is  increased  but  the  speed  of  combustion  is  at  the 
same  time  increased,  as  the  intensity  of  the  latter  under  normal 
conditions  is  to  a  great  extent  determined  b\'  the  quantity  of 
primary  air.  By  this,  it  is  true,  the  combustion  is  somewhat 
improved,  but  on  the  other  hand,  the  chimney  losses  increase.  It 
is,  therefore,  absolutely  necessar\-  to  admit  a  certain  quantity  of 
additional  air  to  the  fire  space,  the  relative  quantity  of  which  is 
dependent  on  the  draught  available.  The  contents  of  combustible 
gases  in  the  flue  gases  can  also  be  reduced  without  the  use  of  addi- 
tional air,  b}'  selecting  fuel  of  coarser  grain.  This,  however,  gener- 
ally reduces  the  capacit}'  of  the  grate  and  it  is  necessary  to  pay 
much  greater  attention  to  the  proper  covering  of  the  grate  with  the 
fuel.  In  addition,  there  is  also  a  greater  difference  in  the  dimensions 
of  the  various  pieces  of  fuel  than  with  fuel  of  smaller  grain,  this 
also  having  an  unfavourable  influence. 

IMPROVED  TYPES  OF  STOVES 

A  great  disadvantage  of  the  type  of  stove  considered  (Fig.  lA)  hes 
in  the  fact  that  its  high  angiüar  fire  space  does  not  afford  sufficient 
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provision  for  perfect  mixing  of  the  flue  gases  with  the  oxygen  of  the 
air,  whether  it  is  air  of  combustion  or  additional  air.  As  this  type 
is  that  most  widely  used,  efforts  should  be  made,  chiefly  in  the 
interests  of  limiting  the  development  of  smoke,  to  re-design  the 
stove  without  entire  reconstruction,  so  that  the  fault  mentioned  may 
be  removed.  Such  a  re-designed  stove  is  shown  diagrammatically 
in  Fig.  IB.  In  order  to  make  the  attention  to  the  grate  easier,  this 
was  reduced  by  about  80  mm.  towards  the  bottom  edge  of  the 
firedoor  frame  and  was  accurately  fitted  on  all  sides  with  firebrick 
walls.  About  250  mm.  above  the  grate  was  placed  a  firebrick  arch, 
inclined  at  the  end.  The  intermediate  draught  channel  m  (Fig.  lA) 
in  the  original  stoves  was  done  away  with  and  in  the  large  com- 
bustion space  S  thus  formed  was  placed  the  firebrick  s.  The 
additional  air  was  admitted  to  the  fire  space  by  a  similar  method 
as  in  the  stove  before  being  re-built  and  also  in  other  respects 
the  design  of  the  stoves  remained  without  change. 

In  the  stoves  thus  re-built  practically  smokeless  combustion 
was  attained  when  adding  fuel  by  the  pushing  method  and  using  a 
suitable  quantity  of  additional  air.  Under  similar  conditions  as 
those  of  the  former  tests,  the  average  development  of  smoke  was 
often  reduced  during  the  whole  period  of  the  test  to  0  •  1  degrees  on 
the  Ringelmann  scale. 

Since  it  cannot  generally  be  expected  that  it  would  be  possible  to 
carry  out  the  periodical  addition  of  fuel  in  the  household  with  the 
necessary  exactitude  and  care,  the  stove  was  reconstructed  according 
to  Fig.  IC,  as  a  stove  to  be  filled  from  the  top.  As  may  be  seen 
from  the  sketch,  the  fire  space  was  replaced  by  the  filling  shaft,  in 
which  the  grate  is  placed  as  low  as  possible.  The  burning  gases 
are  led  from  the  filling  shaft  to  the  vertical  flue  II  and  then  to  the 
flue  III  situated  above,  from  which  they  flow  to  the  original  hori- 
zontal flues  in  the  upper  part  of  stove.  For  facilitating  firing, 
a  door  //  is  placed  above  the  fire  space,  by  which  it  is  possible  to 
lead  the  burning  gases  directly  from  the  fire  space  to  the  upper 
flues.  The  only  attendance  required  by  these  stoves  is  the  charging 
of  sufficient  coal  into  the  stove  to  correspond  with  the  daily  con- 
sumption of  heat.  This  fuel  is  ignited  and  about  i  kilogram 
of  coal  is  added  from  above.  As  soon  as  the  fuel  is  burning, 
the  door  it  is  closed,  the  door  of  the  ash-pan  being  also  closed,  a 
regulating  screw  in  the  latter  permitting  the  desired  intensity  of 
burning  being  attained.  At  the  same  time  or  a  little  later,  the 
regulating  screw  in  the  filhng  door  is  loosened,  so  that  complete 
combustion  is  obtained.     The  process  of  combustion  in  this  type  of 
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stove  takes  place  on  a  different  principle  to  that  of  the  stoves  in 
which  fuel  is  added  periodically.  Here  all  stages  of  the  process  of 
combustion  take  place  at  the  same  time  but  in  different  zones.  When 
the  fuel  starts  burning,  a  layer  of  glowing  fuel  is  formed  on  the 
charging  surface,  through  which  pass  the  distillation  gases  and 
water  vapour  which  are  developed  in  the  lower  layers.  The  process 
of  combustion  therefore  takes  place  much  more  regularly  and  it 
would  seem  as  if,  even  \\'ithout  additional  air,  more  perfect  com- 
bustion of  the  gaseous  fuel  could  be  obtained.  As  will  be  mentioned 
later,  however,  this  is  not  the  case,  as  if  additional  air  is  not  used 
to  a  suitable  extent,  the  losses  by  imperfect  combustion  rise  to  such 
a  height  that  the  efficiency  of  the  stoves  is  reduced  to  an  unpermiss- 
ible  degree.  From  among  the  experiments  made  with  these  stoves, 
a  test  is  given  on  Table  A  (columns  f  and  g)  in  comparison  with  a 
test  with  a  stove  which  was  not  re-built.  This  stove,  however, 
was  not  attended  to  in  the  proper  manner,  as  very  often  happens  in 
the  household,  chiefl\^  in  that  the  fuel  was  added  in  too  large  quantities 
of  four  kilograms  and  that  additional  air  was  not  used.  From  the  data 
given  in  the  table,  it  is  obvious  that  the  combustion  of  the  fuel  was 
relatively  very  good  in  the  re-built  "charging"  stoves,  and  that 
even  the  development  of  smoke  was  satisfactor}'.  Also  the  effici- 
enc}'  of  the  "charging"  stoves  in  comparison  with  stoves  before 
re-design  was  relativeh^  more  favourable. 

"SPACE-EFFICIENCY"    OF    STOVES    CONSIDERED 
ABOVE 

All  the  types  of  stoves  considered  up  till  now  have  the  great  fault 
that  they  do  not  heat  the  room  regularly,  or  in  other  words,  they 
have  not  a  favourable  "space-elhcienc\'."  The  reason  lies  in  the 
fact  that  a  considerable  surface  of  the  stove  above  the  floor  remains 
either  completely  cold  or  it  is  heated  only  slightly  and  at  a  late  period. 
The  circulating  air  in  the  room  which  is  being  heated,  therefore, 
does  not  reach  to  the  floor,  in  consequence  of  which  the  bottom 
layers  of  air  remain  dead  and  cold.  In  order  to  increase  the  popu- 
larity of  stoves  having  a  better  "space-efflcienc}'"  and  to  provide 
a  better  solution  in  other  directions,  new  types  of  stove  shown  in 
Fig.  4  were  proposed.  Type  D  is  arranged  for  the  periodical 
adding  of  fuel.  This  stove  is  built  up  on  an  iron  plate  resting  on 
feet.  In  order  to  prevent  the  floor  under  the  stove  from  being 
heated,  it  is  covered  with  tiles.  The  ash-pan  is  placed  at  the  height 
of  two  firebricks  above  the  iron  plate  mentioned,  and  the  grate  is 
placed  directly  in  the  ash-pan  and  can  be  drawn  out.     The  fire  door, 
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with  a  mica  window,  is  placed  about  80  mm.  above  the  latter  in 
order  to  enable  the  grate  to  be  properly  and  easily  covered.  Addi- 
tional air  is  admitted  to  the  fire  space  over  the  whole  of  its  width 


Fig.  4.     New  types  of  domestic  stoves  for  brown  coal  to  attain  improved 

"space  efficiency." 

D-type  for  frequent  charging, 
E-type  for  continuous  burning, 

by  a  firebrick  tube  oblique  to  the  burning  gases.  The  burning  gases 
are  led  from  the  fire  space  I  through  the  flue  II  along  the  bottom 
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foundation  iron  plate  and  the  flue  III  round  the  iron  heating  culvert 
to  the  smoke  flues  and  chimney.  In  order  to  make  the  heating 
easier  and  so  that  it  would  be  possible  in  small  households  to  use 
the  heating  culvert  for  boiling  or  even  for  baking  (in  the  latter  case 
the  heating  culvert  would  be  fitted  with  shding  doors)  the  inter- 
mediate wall  above  flue  II  is  provided  with  a  door  ii.  As  may  be 
seen  from  the  results  of  Test  g  (Table  A) ,  in  which  fuel  was  added 
in  lots  of  1-5  Kg.  since  the  grate  is  of  much  smaller  dimensions, 
good  combustion  and  high  efficiency  were  attained. 

From  among  the  tests  made  with  the  "charging  type"  for  stove  E. 
the  design  of  which  (except  as  regards  the  charging  fire  space  and 
the  arrangement  of  the  upper  flues)  is  exactly  the  same  as  type  D, 
the  results  of  two  tests  are  given  in  the  enclosed  table — without 
additional  air  in  column  h  and  with  additional  air  in  column  i.  In 
Test  h  the  combustion  was  very  bad  and  in  spite  of  the  fact  that  the 
other  losses  were  very  small,  unsatisfactory  efficiency  was  shown. 
As  soon  as  a  suitable  quantity  of  additional  air  was  used,  very  good 
combustion  and  remarkable  efficiency  were  attained.  The  fact 
that  complete  combustion  of  the  volatile  portion  of  the  fuel  in  the 
"charger"  is  only  attainable  when  a  suitable  quantity  of  additional 
air  is  used,  has  been  proved  in  many  cases  under  greatly  varying 
circumstances.  It  has  been  mentioned  above  that  both  the  last 
types  of  stove,  D  and  E,  were  constructed  with  the  additional  purpose 
in  view  of  improving  space-efficiency.  In  Fig.  5  is  shown  the 
differences  in  space-efficiency  between  the  type  A  stove  (Fig.  1)  and 
the  charging  stove  with  lower  heating  surface  placed  on  feet,  type  E 
(Fig.  4).  In  the  diagrams  on  Fig.  5  above  the  horizontal  time  axis, 
is  plotted  the  room  temperatures  measured  in  the  various  corners 
of  the  test  room  at  a  height  of  100  mm.  above  the  floor  (curves  x 
and  .Tj),  at  a  height  of  1,000  mm.  above  the  floor  {y  and  y^  )and 
100  mm.  below  the  ceiling  {z  and  Zj).  The  curves  x,  y  and  z  refer 
to  the  type  A  stove,  in  which  16  Kg.  of  biown  coal  were  burnt,  and 
the  curves  Xj^,  y^  and  Zy^  to  the  second  type  of  stove,  in  which  1 1  Kg. 
were  burnt.  By  comparing  the  curves  x  and  ;Vi  it  can  easily  be 
seen  that  the  space-efficiency  of  the  type  A  stove  was  much  higher. 

Although  the  "charging"  type  of  stove  shows  unusual  advantages 
and  hardly  any  faults  as  compared  with  the  type  requiring  periodical 
filling,  they  are  used  to  a  relatively  small  extent  in  the  Czechoslovak 
Republic,  as  far  as  glazed  tile  stoves  are  concerned.  Only  lately 
have  suitable  and  sesthetic  designs  been  put  forward  by  several 
works  with  great  success.  With  regard  to  iron  "charging"  stoves 
of  which  a  type  of  stove  without  flues  (known  here  as  "Irish")  is 
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very  popular,  the  conditions  are  different.  In  this  design  the  flue 
gases  are  led  from  the  fire  space  past  a  regulating  flap  directly  to 
the  chimney.     The  efficiency  of  these  stoves  is  unsatisfactory  owing 
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Fig.  5.     Temperatures  at  different  points  of  test  room  during  tests  with  stoves. 

A-type      curves  x    y    and  z. 

E-type     curves  .v^  y^   and  z^. 

to  the  chimney  losses  being  too  large,  if  no  provision  is  made  for 
the  utilisation  of  the  heat  of  the  flue  gases  in  long  flue  pipes  or  other 
apparatus  having  the  same  purpose.  Since  the  war  a  type  of  iron 
stoves  has  become  very  popular,  which  is  fitted   for   "charging" 
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Fig.    6.     New  type   of  domestic   stove   specially   arranged   for^continuously 
burning  high  volatile  fuel.  " 
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and  usually  with  very  well  arranged  flues,  provision  being 
sometimes  made  for  intensive  heating  and  good  distribution  of  the 
additional  air.  The  efficiency  of  these  stoves  is  approximately  the 
same  as  that  obtained  on  the  tile  stoves  fitted  for  "charging." 
Lately  in  the  Czechoslovak  RepubHc  intensive  attempts  have  been 
made  to  design  continuously  burning  stoves  for  fuel  with  high 
volatile  content.  None  of  these  types  have  up  till  now  enjoyed 
great  popularity  in  practice. 

NEW  TYPE  OF  STOVE  FOR  HIGH  VOLATILE 
BROWN  COAL 

It  may  not  be  uninteresting  to  mention  stoves  of  this  type  designed 
by  the  author  of  the  present  paper,  one  being  shown  on  Fig.  6. 
It  functions  as  follows: — The  fuel  is  charged  in  the  retort  A,  is 
cooled  by  the  air  flowing  in  the  direction  of  the  arrow  a,  and  is 
gradually  dried  and  arrives  in  the  firebrick  body  C,  which  forms 
the  ceiling  of  the  fire  space,  and  the  channels  k^  and  /^2-  In  the 
body  C  the  fuel  is  preheated  and  if  the  valve  Z  is  open  is  also  gasified, 
so  that  it  arrives  on  the  grate  i?  in  a  glowing  condition.  For  fuel 
with  a  high  volatile  content  the  grate  R  is  provided  with  an  insertion 
V,  whereas  for  fuel  of  low  volatile  content  the  insertion  V  is  not 
suitable.  The  grate  R  is  fitted  on  the  circumference  with  teeth 
similar  to  the  foundation  piece  on  which  it  rests  in  such  a  manner 
that  it  can  be  rotated,  so  that  by  this  movement  the  solid  residue 
of  the  fuel  is  crushed.  The  air  passes  through  the  grate  R  and  the 
insertion  V  in  such  excess  as  is  sufficient  for  the  combustion  of  the 
distillation  gases  flowing  from  the  body  C.  As  this  air  is  heated 
to  a  high  temperature,  perfect  combustion  is  attained  with  a  rela- 
tively small  excess  of  air.  The  products  of  combustion  flow  through 
the  channels  k^  and  ^o  to  the  vertical  flue  I  and  then  through  the 
two  sides  flues  II  to  the  common  flue  III.  The  sketch  illustrates 
the  principle  that  no  contact  takes  place  at  any  point  between 
spaces  in  which  there  is  a  large  difference  in  temperature.  In 
consequence,  advantageous  chimney  heat  is  attained.  In  the  tests 
made  with  these  stoves,  remarkable  results  have  been  obtained, 
both  as  regards  efficiency  and  continuous  burning. 

STOVES  FOR  COMBINED  HEATING  OF  ROOM  AND  OVEN 

Similar  tests  to  those  with  stoves  for  room  heating  were  also  made 
with  kitchen  ranges,  and  similar  results  were  obtained.  As  the 
efficiency  of  these  fireplaces  is  very  much  dependent  on  the  extent 
to  which  the  heat  developed  is  utilised  in  the  locality  in  which  it 

45 


UTILISATION:  DOMESTIC  PURPOSES 

is  at  the  moment  required,  a  stove  was  constructed  as  shown  in 
Fig.  7.  The  fire  space  of  this  stove  is  at  the  side  near  the  lower 
oven  I.  The  space  under  the  plate  is  divided  b}^  walls  into  many 
flues  and  is  provided  with  an  adjustable  door  K  opposite  the  space 
under  the  oven  I.  Obviously  when  no  baking  is  in  progress,  the 
flap  K  is  closed  and  the  flames  flow  under  the  whole  surface  of  the 


:^'^^y^^^^^^s^^^^^^^^^^^^^?^^ 


Fig.  7.     Specially  designed  kitchen  stove  for  combined  room  and  oven  heating. 

plates,  and  the  temperature  in  the  ovens  can  be  very  strict!}'  con- 
trolled by  the  flap  K  mentioned  above.  In  the  summer  months 
where  heating  of  the  kitchen  is  not  required,  it  is  possible,  if  the 
ovens  are  not  being  used,  to  lead  the  flue  gases  over  the  open  flap  U 
to  the  chimney.  Complete  combustion  is  assisted  by  the  fact  that 
additional  air,  heated  to  a  relatively  high  temperature,  is  admitted 
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and  regularly  distributed  to  the  fire  space  over  the  whole  area  of 
the  grate.  The  heating  of  the  additional  air  takes  place  in  this 
case  as  follows: — The  wall  of  the  fire  space  opposite  to  the  oven  is 
formed  by  a  cast-iron  plate  d  provided  at  the  top  edge  with  the 
relatively  broad  slit  s.  Behind  the  plate  d  is  situated  a  small 
chamber  k  filled  with  metal  nets  or  other  good  conducting  material, 
which  is  in  contact  with  the  plate  d  or  cast  on  to  it.  The  chamber 
is  covered  at  the  top  by  a  firebrick  plate  and  is  connected  with  the 
ash-pan;  which,  of  course,  is  not  the  best  arrangement,  as  it  is  not 
possible  to  regulate  the  quantity  of  additional  air  independently 
from  the  air  of  combustion.  For  household  stoves  this  arrangement 
is,  however,  more  suitable  than  using  an  independent  entrance  for 
the  additional  air  fitted  with  an  adjustable  door,  as  it  must  on  no 
account  be  forgotten  to  open  the  additional  air  damper.  The 
design  shown  has  also  been  applied  to  table  stoves.  In  tests  and 
also  in  ordinary  use  very  favourable  results  were  obtained  with 
this  stove. 

NOTE  ON  OTHER  WORK  OF  THE  INSTITUTE  FOR  THE 

ECONOMICAL  UTILISATION  OF  FUEL  OF 

CZECHOSLOVAKIA 

In  the  Institute  for  the  Economical  Utilisation  of  Fuel  test  work 
has  been  carried  out  also  with  low  volatile  fuels  in  various  types  of 
fireplaces.  As  no  special  observations  were  gained  in  these  tests, 
it  is  not  necessary  to  mention  them  here. 

In  connection  with  testing  and  solving  of  stove  questions,  work 
is  being  undertaken  with  reference  to  the  chimney,  the  limiting  of 
the  consumption  of  heat  and  other  matters  in  connection  with  the 
utilisation  of  fuel. 

In  addition  to  research  work,  work  against  order  is  also  undertaken 
by  the  Institute,  consisting  of  the  submission  of  advice  and  hints 
to  clients  as  to  the  means  by  which  it  would  be  possible  to  reduce 
or  remove  any  faults. 

Any  important  results  of  the  research  work  or  eventualty  of  the 
work  (^one  to  order,  for  the  publication  of  which  the  clients  grant 
permission,  are  made  public  in  the  same  manner  as  the  advice  and 
proposals  for  improving  the  utilisation  of  fuel  and  the  limitation 
of  the  development  of  smoke.  In  addition,  lectures  for  housewives 
and  courses  for  manufacturers  of  domestic  fireplaces  are  also  held, 
in  which  the  novelties  are  demonstrated.  It  is  a  matter  of  great 
pleasure  that  the  activities  of  the  Institute,  in  spite  of  its  short 
existence,  have  been  crowned  with  considerable  success,  especially 
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with  regard  to  domestic  fireplaces,  the  construction  of  which  has 
been  for  the  most  part  neglected  and  which  are  the  greatest  source 
of  the  most  offensive  smoke. 

APPENDIX 

MATHEMATICAL  EXPLANATION  OF  THE  CONDITIONS  OF 
COMBUSTION  AND  CO-ORDINATION  WITH 
EXPERIMENTAL  RESULTS 

Determination   of  the   Coefficient  of  the   Composition   of 
THE  Fuel 

In  the  Fuel  Institute  the  conditions  of  combustion  have  been 
investigated  and  Ing.  Dr.  Vlad.  Stanek  deserves  the  chief  merit  for 
the  following  mathematical  explanation. 

If  we  assume  that  the  organic  matter  in  the  fuel  has  the  elementary 
composition:  c  Kg.  carbon,  h  Kg.  hydrogen,  s  Kg.  sulphur  (com- 
bustible), /  Kg.  iron,  o  Kg.  oxygen;   that  c'  Kg.  carbon  are  burnt  to 

CO o,  c"  Kg.  carbon  to  CO;  that  A,— /^  — •     that    the    atmos- 

pheric  air  contains  20-9  per  cent,  by  volume  of  oxygen  and  that  for 
the  combustion  of  sulphur,  iron  and  other  secondary  elements  an 
amount  of  combined  oxygen  0^  is  necessary  and  that  the  products 
Ol  combustion  do  not  contain  hydrogen  and  hydrocarbons  or  that 
they  are  contained  in  so  small  a  quantity  which  can  be  ignored,  we 
can  deduce  from  the  known  equations  of  combustion  that  with  an 
excess  of  air  of  p  the  flue  gases  will  contain  the  following  percentages 
of  carbon  dioxide,  carbon  monoxide  and  oxygen 

^^ 100  X  l-866c' 

'  "(4-78/)- l)x  (1-866  c -1-5 -55  Ä,-fO,)+ 1-866  c'-fO-933c" 

^^ 100  X  l-866c^^ 

(4-78^-1)  X(l -866  c  +  5-55  A, -FO,) +1 -866  c'  +  0-933  c" 
_      100  [{p-\)  X  (1-866  c  4-  5-55  A,  +  OJ  -|-  0-933  c"] 
^      (4-78^-1)  X(l  -866  c  +  5-55  Ä^+OJ-j-l  -866  c'-f  0-933  c"' 

From  these  equations  we  obtain  by  the  division  of  the  numerators 
and  divisors  by  1  -866  c  and  inserting: 

c'  COo  c"  CO  ^    .  u  .-.  .- 

and    by   substitutmg 


c         CO^+CO      c  CO^-\-CO 

^_5-55A, -f  0, 
1  -866  c 
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100 


co^ 


C0,= ^^-  +  ^^ ...(4) 

CO 

(4-78/)-l)x(l+e,)  4-1  + 


100 


2  {CO^i-CO) 
CO 


CO   = ^^^-+^^ ...    (5) 

CO 

{4-7Sp-\)  X  (1  +  ej  +  1  +^-- 


100  (^-l)x(l  +  e)    4- 


2  (CO2  +  CO) 
CO 


0,=^ 2(C0,+C0)___  ^^^ 

(4-78,-1)  x(l  +  .J+l+^^-^^-^^-^ 
From  equations  (4)  and  (5)  we  obtain  after  multiplying  out: 

100=.(CO2+CO)x[l+(4-78/>-l)x(l+O]  +    ^^      ...    (7) 

and  from  equation  (6)  after  simplification  of  the  divisor  of  equation 
(4): 

02  =  (/'-l)  X  (1  +  O  X  (CO.^CO)  +   ^^       (8) 

By  eliminating  p  from  the  last  two  equations,  the  following  relation 
results  after  simplification: 

20-9  =  (1+0-791  ej  X  CO2+  (0-6054-0-791  eJXCO+Og  ...  (9) 
From  the  last  equations  (8)  and  (9)  it  is  obvious  that  the  relation  of 
the  composition  of  the  flue  gases  to  the  composition  of  the  fuel  is 
characterised  by  the  factor 

e  5-55  A,  +0, 

1  -866  c 

which  for  this  reason  we  name  the  coefficient  of  the  composition  of  the 
fuel. 

Effect  of  Carbon  Losses 

The  above  relations  diverge  somewhat  from  reality  in  that  it  has 
been  assumed  that  the  organic  matter  of  the  solid  fuel  burns  without 
any  remainder,  which  seldom  occurs.  If  it  be  assumed  that  of  G 
Kg.  of  added  fuel,  g  Kg.  remain  ungasified  and  that  from  1  Kg.  of 
fuel  added  c^  Kg.  of  carbon  pass  away  as  soot,  etc.,  then   from 

1  Kg.  of  fuel  ;  ( ^  )  c  —  c^  of  carbon  are  burnt  completely  or 
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incompletely,  depending  on   the   absence    or   presence    of   carbon 
monoxide  (CO). 

G  —  9 

If  for      —     we  insert  a,  the  coefficient  of  the  composition  of  fuel 

will  have  the  form: 

5-55aA„  +  aO,  5-55  h^  +0^ 


l-866(ac-cj  j.ggg 


(-3 


Maximum  CO 2  Content 
A  similar  criterion  of  the  composition  of  the  fuel  is  also  given  by 
the  maximum  CO  2  theoretically  possible  in  the  case  of  perfect  com- 
bustion of  the  fuel  without  excess  of  air  (7^  =  1,  CO=nil).    From  the 
equations  (7)  and  (8)  this  maximum  COg  is  given  by  the  form 

20-9 

CO o  max.  — (10) 

1  +0-791  e„  ^     ' 

The  use  of  the  coefficient  e,^  has  (amongst  others)  the  advantage  that 
its  value  changes  more  with  the  composition  of  the  fuel  than  the 
value  of  CO  2  max.  as  may  be  seen  from  the  following  comparison: 

Hydrogen  (Hg)  

Methane  (CH4)  

Benzine  (approx.  CgH^g) 
Benzene  (CeHg) 
Bohemian  brown  coal  average 
Gas  coke 

The  relations  mentioned  (7),  (8)  and  (9)  are  vaUd  for  every  kind  of 
fuel,  whether  solid,  liquid  or  gaseous,  but  only  in  so  far  as  the 
assumptions  made  above  are  adhered  to.  If  at  least  three  of  the 
values  of  e^,  p,  CO^,  CO  and  Og  are  known,  it  is  possible  to  calculate 
the  other  unknown  values  by  means  of  the  relations  given  to  the 
extent  mentioned  as  well  as  for  checking  the  correctness  of  the 
determination  of  the  composition  of  the  flue  gases. 

As  has  been  mentioned,  it  is  possible  to  calculate  the  value  of  the 
coefficient  either  from  the  composition  of  the  fuel  or  from  the  com- 
position of  the  flue  gases.  The  value  calculated  from  the  com- 
position of  the  flue  gases  changes  with  the  periodical  addition  of  fuel 
in  a  similar  manner  to  the  composition  of  the  fuel  in  the  state  as  it  is 
just  being  burnt.  In  order  to  differentiate  between  these  varying 
values,  the  coefficient  obtained  from  the  composition  of  the  fuel 
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is  termed  the  elementary  coefficient  of  the  fuel  composition  (ej,  and 

the  coefficient  obtained  from  the  composition  of  the  flue  gases,  the 

effective  coefficient  of  the  fuel  composition  e^. 

The  expression  for  the  coefficient  e^  obtained  from  the  relations 

(7),  (8)  and  (9)  has  the  form 

,  _„         20-9  -  CO2  -  Oo  -  0-605  CO 

e.  =  1-266  X A 

CO2+CO  ^    ' 

and  for  the  excess  air: 

_             100  -  CO,  -  0.  -  CO 
^  100 -CO2 +0-9  CO -4-8  02      

If  the  fuel  burns  according  to  the  assumptions  made,  we  can  very 
satisfactorily  estimate  the  changes  in  its  composition  by  comparing 
the  two  coefficients  and  we  can  also  at  any  desired  moment  ascertain 
the  excess  of  air,  which  is  of  specially  great  importance  in  the  study 
of  fireplaces  in  which  fuel  is  added  periodically. 

Effect  of  Combustibles  ix  "Flue"  Gases 

If  the  flue  gases  also  contain  hydrogen  and  hydrocarbons  in  con- 
siderable quantities,  which  it  is  not  possible  to  ignore,  the  relations 
mentioned  do  not  apply.  In  this  case  the  mixture  of  the  flue  gases 
is  more  complicated  than  was  formerly  assumed,  as  the  flue  gases 
contain  in  addition  to  the  gases  already  mentioned,  H 2,  CH4  and 
C,jHj„,  without  considering  the  other  associated  gases  and  tar 
vapours.  If  the  changes  in  the  composition  of  the  fuel  during  the 
process  of  combustion  were  known,  the  effective  coefficient  of  the  fuel 
composition  would  be  expressed  in  exactly  the  same  form  as  before, 
that  is, 


5-55  (h^  -  — ^-"i  +  0, 
V  7-93  J         ' 


\\] 


1-866C,  

in  which,  however,  h^,  0^  and  0^,^  are  variable,  since  in  the  distilla- 
tion period  the  fuel  burns  with  a  much  greater  content  of  hydrogen, 
than  that  which  corresponds  to  the  elementary  fuel  composition. 
With  the  progress  of  the  distillation  period  the  quantity  of  hydrogen 
is  reduced  until  finally  a  fuel  composed  almost  entirely  of  carbon 
is  burning.  As  the  composition  of  the  fuel  being  burnt  and  the 
composition  of  the  flue  gases  can  vary  to  a  considerable  degree,  a 
common  relation  cannot  be  fixed,  which  would  be  quite  correct 
and  which  could  always  be  numerically  expressed.  Therefore,  for 
the  mathematical  expression  it  is  necessary  to  make  several  assump- 
tions, which  simplify  the  calculation  to  a  great  extent.  Even  by  this, 
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however,  every  relation  and  value  will  not  be  expressed  exactly, 
as  the  combustion  of  the  fuel  will  not  take  place  strictly  according 
to  the  assumptions  made.  The  divergences  from  reality  will  be 
less,  the  more  reasonable  are  the  assumptions  chosen. 

If  we  assume  that  the  carbon  content  remains  constant,  that 
hydrogen  and  oxvgen  are  given  off  from  the  fuel  at  a  constant  speed, 
that  the  contents  of  o  and  h  vary  in  the  relation  of  the  two  coefficients 
e  to  the  detriment  of  water  and  ash,  which  have  no  influence  on 
the  extent  of  the  losses  by  imperfect  combustion,  and  that  0^  is 
consumed  at  the  same  speed  at  which  0^  and  H^  escape,  the  follow 
ing  relations  will  apply: 

^=  A   =.^=   ^       (12) 

h  0  0, 

C^=.c;  K^^h;  0,=  1lO;0,,=  ^0,  (13) 

^0  ^J  ^o 

in  which  in  reahty  the  greatest  divergences  lie  in  the  fact  that  water 
escapes  most  quickly  from  the  fuel  and  that  on  the  contrary  sulphur 
bums  more  slowly  than  hydrogen. 

From  the  dependence  of  the  elementary  and  effective  composition 
of  the  fuel  upon  the  coefficient  e^  it  follows  that  the  value  of  e^ 
during  the  combustion  of  G  Kg.  of  fuel,  when  this  burns  without 
remainder,  is  determined  by  the  following  condition: 

■G 

€.  dG  =  e„  G„ 


i: 


Relations  by  Volume 
The  consumption  of  air  F,  expressed  in  cu.  metres,  also  changes 
corresponding  to  the  fuel  composition,  its  value  during  the  com- 
bustion of   1  Kg.  of  fuel  of  the  composition  (carbon,  oxygen  and 
hydrogen)  mentioned  before,  being  given  by  the  following  equation: 

F=  — —  (1-866  c  +5-55//,  +  OJ  p        (14) 


20-9 


F,  =  -^  [1-866  c  +  A  (5-55  Ä,  +  0,)1   X  p 
20-9    L  e„  «  ^     '^J        i- 


:i5) 


In  the  combustion  of  soUd  fuel,  not  all  the  organic  matter  is  gasified, 
as  a  portion  falls  through  the  grate  and  is  removed  with  the  ashes, 
and  a  further  portion  escapes  into  the  atmosphere  in  the  form  of 
soot.  If  we  assume  as  before,  that  from  G  Kg.  of  fuel  added,  g  Kg. 
fall  through  without  being  gasified  and  that  from  1  Kg.  of  fuel  c^  Kg. 
of  carbon  pass  into  the  soot,  volatile  ash  and  slag,  which  we  assume 
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are  completely  gasified,  tTien  from  1  Kg.  of  fuel  the  following  quan- 
tities of  carbon,  hydrogen  and  oxygen  pass  to  the  flue  gases: 

Carbon  c'^  =  °   c^  —  c^  =  ac  —  c.       (16) 

G 

G -g 
in  which      ^t—  =  a  and  c^  =  c. 
G- 

Hydrogen//',.  =   — ^^  h^  =  a  Ä,  =  a-1  A         (17) 

G  — g                 e 
Oxygen      o' .  = ^  o^  =  a  -^  o  (18) 

Similarly: 

o'er  =  «o.v  =  a  ^'  0^       (19) 

From  these  assumptions  the  minimum  consumption  of  oxygen  in 
cu.  metres  is  given  by  the  following: — 

0\  min  =  1  -866  {ac  -  cj  -f  a  -^  (5-55  h^  +  OJ     (20) 

As  in  actual  experiments  with  few  exceptions  it  is  not  possible  to 
separate  the  ungasified  portions  falling  through  from  those  gasified, 
it  is  recommended  in  this  case  that  everything  which  falls  through 
be  considered  as  gasified  in  addition  to  the  remainder  in  the 
slag  (cj  whence  a  =  l,  the  error  resulting  being  very  insignificant. 

If  we  name  the  percentage  contents  of  carbon  dioxide  in  the  flue 
gases  CO2,  carbon  monoxide  co,  oxygen  Og,  methane  ch4,  unsaturated 
hydrocarbons  c,  h^  and  hydrogen  hg,  and  if  we  name  the  weight 
of  carbon  which  is  changed  into  carbon  dioxide  in  1  Kg.  of  fuel  c^,  in 
carbon  monoxide  fg-  ^^  methane  1^3  and  in  the  unsaturated  hydro- 
carbons (-4,  the  quantities  of  carbon  and  hydrogen  expressed  in  kilo- 
grams consumed  for  the  production  of  these  gases  from  1  Kg.  of 
fuel  are: 

Carbon  (Kg.)  ac  —  c^  =  Cj  +  Cg  +  C3  -f  c^ (21) 

Hydrogen  (Kg.)  a -±  h^  =  h  „  -\-  —_ --    Cg  +  — —  -  c^+h"^      (22) 
e^  5  -DO  \\-l     n 

which  it  is  easily  possible  to  obtain  from  the  stochiometric  expres- 
sion for  the  chemical  reactions  of  combustion,  according  to  which  the 
gases  mentioned  are  produced,  where  ä'„  is  the  part  of  the  free 
hydrogen  of  the  fuel,  which  is  burnt  and  forms  water  and  h"^  is  that 
part  which  passes  over  to  the  fuel  gases  unbumt. 
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Similarly  it  is  possible  to  deduce  that  by  the  combustion  of  Kg.  1 
of  fuel,  if  it  burns  with  an  excess  of  air  p,  the  following  quantity  of 
flue  gases  in  cu.  metres  is  produced: 

G,=  (^g^-l)    [l-866(ac-0+5-55a  ^^Ä„  +  a-^o,  j    + 

+ 1 -866  (ac-cj +0-933  C2+2X1 -866  C3  + 1-866^^^ 3 X5-55//2  (23) 

4  n 

and  that  in  the  flue  gases  the  following  quantity  of  oxygen,  expressed 

in  cu.  metres,  will  remain: 

0=  ip-l)  f  1 -866  (ac -c.)  +  5 -55  a  A /i^-1- a  ^ (9  1  +  0-933  Cg  + 


+  2xl-866c3+l-866^'P-  +  5 -55  A,„  G^  a  0,  (24) 


G,  = ',    "   ,^,    -'^-^   ,      (25) 


m-{-4n 
'4}^ 

From  the  percentage  volumetric  contents  of  COg,  CO,  Og,  CH4, 
C,jH,„  and  H 2  in  the  dry  flue  gases,  we  obtain  the  following  expres- 
sions for  the  volume  of  dry  flue  gases  from  1  Kg.  of  fuel: 

1  -866  {ac  -  cj 

C02+CO  +  ch4+  WCj^h,, 

and  for  the  amount  of  oxj^gen  in  the  flue  gases: 

0.^-.      '■B66(ac-c,)  ^    0, 126) 

CO2+ C0+ ch4  +  wCj^hjjj        100 
By  the  ehmination  of  G^  from  the    equations  (25)   and  (23)   by 
dividing  by  the  expression  1  -866  (ac— cj  and  by  simplification  after 
using  the  relation  (12),  it  follows  that: — 

^^5^^^=.(4-78/>-l)(l+e'J+l+      ^^ 
CO2+  CO  +  chi-\-ncJi^  2  (ac— cj 

+2-^  +  »^  X    -^  +  3  X-î^  X    -i:^  ...  (27) 
ac — c.  4h  ac— c.  1 -800  ac— c. 


5-55 

in  which  e'^  = 

1-866 


(^'-  -  7.93) 


By  a  similar  treatment  of  the  equations  (24)  and  (26),  the  following 
result  is  obtained: 

?1 =(^_1)  (1+e'J  +  ^? 

co2+co+ch4  +  wc„h„j  2(ac  — cJ 

+_i^  +1'^!^^    X  --^i-  +  ^:^  X    -^^     (28) 

ac  — c.  4«  ac  — c^  1  -866  ac  — c^ 
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If  in  the  last  two  relations  (27)  and  (28)  the  relations  by  weight 
(stochiometric)  are  replaced  by  the  volumetric: 

C,  COo 


ac—c^         CO 2  + CO  4-ch4+  «c^^h^j 
and  similarly  for  c^,  c^,  c^  and  h"^  we  obtain,  after  rearrangement, 
100=  [1+ (4-78^-1)  X  (1+6',)]  X  (co2  +  co  +  ch4+i/c„hJ  + 

+  ^   +   2  ch,  +   "^^  cAa  +  4  h^       (29) 

CO 

02=  C/'-l)  (1  +  e'J  (CO2  +  CO  +  ch4  +  wc„hj  +  -2    +  2  ch, 

+  !ü+l!!  xcK+'f    (30) 

These  relations  are  exactly  similar  to  the  relations  (7)  and  (8)  and 
we  can,  after  having  ascertained  the  composition  of  the  flue  gases 
and  the  indices  of  the  heavy  hydrocarbons,  calculate  the  effective 
coefficient  of  the  fuel  composition  e\,  and  also  the  excess  of  air  p 
in  any  phase  of  combustion. 

With  comparatively  great  accuracy  we  can  in  practice  consider 
the  heavy  hydrocarbons  (C,H,„)  as  ethylene  (C2H4),  by  which 
the  equations  (29)  and  (30)  are  considerably  simplified.  For  fixing 
the  values  of  the  effective  coefficient  e,  and  the  excess  of  air  p  we 
can  in  the  case  of  imperfect  combustion  also  use  the  expressions 
(A)  and  (B),if  instead  of  the  measured  amounts  of  cog,  co,  ch4,  c,jh„j  = 
C2h4  we  use  their  functions: 

[CO2]    =  CO2  —  3  ch4  —  2  c^hjn  —  3  hg 

[co]     =  CO  +  4  ch4  +  4  c,X  +  3  ha       (31 

[02]      =  02  +  ha  -  c„h^. 

These  factors  are  in  the  following  mutual  relation 

[C02]  +  [co]  +  [02]  =  CO2  +  CO  +  ch4  +  c,,h^  +  ha  +  Og. 

With  the  assistance  of  the  substitutions  mentioned  it  is  relatively 
easy  in  practice  to  obtain  numerical  values  for  e^  and  also  p. 

Similarly  to  e^  and  p  we  can,  under  the  assumptions  made,  also 
ascertain  the  heating  value  of  the  fuel  which  is  being  burnt  and 
the  losses  due  to  combustible  gases  in  the  flue  gases  in  any  phase 
of  the  combustion.  If  the  following  formula  is  used  for  the  calcula- 
tion of  the  heating  value  from  the  elementary  composition  of  the 
fuel: 

V,  =  8,100  c  +  29,000  fh-  — ^  +  2,500  s  -  600  w  (32) 
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we  obtain,  under  the  former  assumptions,  the  following  for  the 
effective  heating  value: 


V,..  =  F,  +   "i      ' 


°-  [29,000  Ta-  ^')+2,500s-600wl  ...  (33) 


The  accuracy  of  this  formula  is,  however,  much  less  than  the 
accuracy  of  the  formulae  given  above  for  e^  and  p,  as  the  divergence 
between  the  assumptions  made  and  the  actual  conditions  has  a 
greater  influence  chiefly  as  regards  the  evolution  of  water  and  the 
combustion  of  sulphur. 

For  the  losses  due  to  contents  of  COg,  CO,  Hg,  CH4,  C„H,„  =  C2H4 
in  the  flue  gases,  it  is  possible  in  the  case  where  the  composition  of 
the  fuel  at  every  phase  of  combustion  is  the  same  as  its  elementary 
composition,  for  example,  on  a  mechanical  grate  in  a  constant 
condition,  to  deduce  the  following  formula: 

Z    _5  59Q  100  (ac-c^)    ^  co+0-845  h,+2-8  c\v,^  4-6  Cgh^     (34^ 
V^  co2+co+ch4+2Cj^h^ 

which,  when  the  fuel  is  added  periodically,  and  when  expressing  the 
losses  in  any  phase  of  combustion,  is  converted  into  the  following 
form: 

^    _  ^  ggQ  100(ac-O  ^  co+0-845  h,+2-8ch,+4-6c„h„.         ^3^^ 
Vhe  co2+co4-ch4+2c^h^ 

Of  the  results  calculated  with  the  assistance  of  this  formula,  the 
same  may  be  said  as  was  mentioned  about  the  effective  heating  value. 
In  general  the  calculated  losses  are  less  than  the  actual  losses.  As 
the  combustion  of  the  fuel  is  generally  quickest  in  the  period  of 
distillation,  the  actual  losses  by  imperfect  combustion  are  higher 
than  the  losses  deducted  from  the  time  relations.  It  is,  therefore, 
more  correct  for  the  calculation  of  these  losses  to  use  the  formula 
(34),  in  which  the  losses  are  deduced  from  the  elementary  heating 
value,  which  in  the  period  of  distillation  is  always  lower  than  the 
effective  heating  value.  In  the  Institute  further  experiments  in 
this  direction  will  be  made,  in  which  the  quantity  of  the  air  of  com- 
bustion and  the  weight  of  the  burning  fuel  in  time  units  will  be 
exactly  measured.  On  the  base  of  these  measurements  it  will  be 
possible  to  make  assumptions  more  in  accordance  with  actual 
conditions.  During  this  work  it  will  also  be  ascertained  that, 
when  the  fuel  is  added  periodically,  the  chimney  losses  have  in 
practice,  for  the  reasons  just  mentioned,  a  lower  value  than  that 
which  is  deduced  from  the  time  averages. 
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Diagrammatic  Representation 

The  interdependence  of  the  composition  of  the  flue  gases,  the 
elementary  and  effective  coefiicients,  of  the  fuel  composition  as  weU 
as  some  of  the  other  relations  and  results  mentioned  above  may  be 
quickh'  and  easily  followed  up  with  the  assistance  of  the  "Universal 
Diagram  of  Combustion"  which  Ing.  Dr.  VI.  Stanèk  has  composed. 
However,  the  relatively  comphcated  deductions  and  use  of  this 
diagram  cannot  be  given  in  detail  in  this  paper  owing  to  the  lack 
of  space. 


X      V 


0-3- 


0'2-  20 


01-  ro 


Fig.  8.     Graphical  representation  of  part  of  test  on  A-type  stove  (Fig.  I). 
Vertical  scales: — 

Upper  Diagram     x  for  values  of  E^  and  £„ 

y      ••      ..     P 

z         ,,         ,,       CO2  max.  e  and  composition  of  "flue" 
gases. 

Lower  Diagram  (reading  downwards)  for  proportion  of    individual  com- 
bustible gases  in  "flue"  gases. 
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It  is  obvious  that  the  methods  indicated  can  be  used  not  only  for 
testing  stoves  but  also  for  experiments  on  any  kind  of  fireplace,  but 
«specially  in  those  cases  where  special  attention  is  to  be  paid  to  the 
•exact  determination  of  the  process  of  combustion  or  the  ascertaining 
of  the  cause  and  amount  of  any  individual  loss,  and  especially  the 
losses  caused  by  imperfect  combustion.  These  methods  will  also 
be  used  for  the  testing  of  locomotive  boilers  (which  will  be  carried 
out  shortly)  in  which  the  Institute  will  co-operate  with  the  chief 
Technical  Administrative  Authorities  of  the  Czechoslovak  railways. 

Application  to  Experimental  Results 

The  practicabihty  of  the  methods  indicated  is  better  illustrated 
b\'  an  example  of  their  use  in  practice.  In  Fig.  8  is  shown  graphi- 
cally the  progress  of  a  partial  test  with  a  stove  of  the  design  men- 
tioned (Fig.  lA),  on  the  assumption  that  the  atmosphere  contains 
20-8  per  cent,  of  oxygen.  Brown  coal  was  fired,  its  composition 
being  c=0-4892,  A=0-0396,  o=  0-12,  s=0-0073,  7£;=0-2140  and  its 
heating  value  F/,  =4,562  calories.  The  fuel  was  charged  in  lots  of 
2  Kg.,  the  periods  of  addition  being  shown  in  the  diagram  by  I.  and 
II.  Air  was  admitted  only  as  air  of  combustion  through  the  grate, 
as  the  fire  doors  were  tightly  closed.  The  development  of  smoke 
attained  the  value  4,  according  to  the  Ringelmann  scale.  In  the 
upper  half  of  Fig.  8  are  entered  the  composition  of  the  flue 
gases  and  the  values  of  e^,  e, ,  p,  elementary  COg  max.  o  and  the 
effective  COg  max.  e,  and  in  the  bottom  half  the  heat  losses  due  to 
combustible  gases  in  the  flue  gases. 

In  fixing  the  various  points  corresponding  to  the  deduced  results, 
the  proceeding  was  as  follows: 

First  of  aU  the  value  resulting  from  the  elementary  composition 
of  the  fuel  was  deduced,  in  which  calculation,  c_,=0-82  per  cent, 
was  ascertained  from  the  weight  of  matter  falling  through.  In  the 
-experiment  no  ungasified  fuel  at  all  fell  through  the  grate.  0,  was 
neglected  owing  to  the  small  quantity  of  sulphur.  By  this  simpli- 
fication, which  has  no  influence  in  the  case  given,  as  the  neglected 
value  of  0^  is  quite  insignificant,  the  following  results  were  obtained: 


5-55  A, +  0, 


/  0-12\ 

5-55   f  0-0396  -7:93) 


1  -866  fc  -    ^A       ^  '^^^  (0-4892  -  0-0082) 


('  -  t) 


0-151 


20-8 
CO2  ,„,,.„=   i_^o-792.0-14"^  li^° 
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These  values  are  constant  and  in  the  diagrams,  therelore,  are  drawn 
parallel  to  the  axis.  The  other  values  are  variable  and  we  shall 
therefore  consider  them  at  a  certain  moment,  for  example.  III.,  in 
which  the  condition  of  the  fire  space  and  the  losses  by  imperfect 
combustion  are  interesting.  At  this  moment  it  was  ascertained 
that  the  flue  gases  contained: 

C0,  =  U-4%,  0,  =  \-4o/„  CH,  =  \-4%,  C,ß,„=0-3%,  //,  =  l-6% 

CO  =3 -4%. 
This  composition  of  the  flue  gases  corresponded  with  the  effective 
coefficient  of  the  fuel  composition: 

20-8  -  COo  -  0,  -  0-604  CO 

^'  =  '-2"  X  ck'+éô 

As  the  flue  gases  contain  in  addition  to  CO2  and  CO,  also  Hg  and 
hydrocarbons,  it  is  necessary  to  use  the  equation  (31): 

[co2]=co2-3ch4-2c„h„-3h2  =  14-4-4-2-0-6-4-8=4-8 
[co]  =co  +4ch4+4cX.+3h2=3-4+5-6  +  l-2+4-8  =  15-0 
[02]   =O2+h2-cX.  =  l-4  +  l-6-0-3-2-7 
and  the  following  value  results: 

^  1.264  X  20-8 -4-8 -2-7  -0604X15    ^  ^.^^^^ 

4-8  +  15-0  

The  excess  of  air  according  to  the  formula  (B)  is: — 
.  _        IOO-CO2-O2-CQ       _        100-4-8-2-7-15        _ 
100-CO2+0-9+CO-4-802~100-4-8+0-9.15-4-8x2-7~"— 

Losses  due  to  combustible  gases  in  the  flue  gases  are: 
(«)  by  carbon  monoxide  (CO): 

100(ac-c,)  CO 

Z„,,„,  =5690  X    Vr ^--X- 


'"^'"^  Vu  co2+co+ch,+2c„h^ 

48-92-0-82  3-4  ,n  on./ 

=5690   X X =0-30% 

4562  14-4+3-4+1  •4+0-6       ^ 

(b)  by  hydrogen: 

100(ac-c.)  0-845  ha 

Z,.(,  ,  =  5690  X \, ^X — -^ — ,— = 

*^'  F,  co2+co  +  ch4+c,X 

0-845x1-6         ,  ^^„, 

(c)  by  methane: 

^.(..  )  =  5690   X    ' 00(«f_-_^  X '^'-^^ = 

Vi,  co2  +  co+ch4  +  2c>nj 

60  X  2-8x14^^^  g^ 

19-80  - 
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id. 

.  by 

unsaturated 

hydrocai 

rbons: 

^»(.n.«)  =5690X 

100  (ac- 

-0. 

CO; 

i  + 

4-6c„h„ 
CO  f-ch4+2 

c„h 

4 
60  X 

•6x0-3 

=  4-18 

% 

19-85 

The  total  losses  caused  by  the  contents  of  the  combustible  gases 
mentioned  in  the  flue  gases  therefore  amount  to: 

^n(..,+^«,..)+^.(./,j  ^n„„/,„.)  =10-30+4-09  +  l  1-87+4-18=30-44% 
The  calculated  losses  have  a  considerably  high  value.  Very  often, 
however,  in  some  experiments  considerably  higher  losses  were 
ascertained,  as  mil  be  mentioned  later. 

Deductions  Therefrom 
Very  interesting  is  the  proportion  of  the  losses  by  carbon  monoxide 
(CO)  to  the  losses  by  the  other  combustible  gases,  as  the  losses  caused 
by  carbon  monoxide  amount  to  almost  one-third  of  the  total  losses. 
In  technical  practice  this  ver}'  important  circumstance  is  usually 
overlooked  and  the  losses  by  imperfect  combustion  are  deduced 
only  from  the  contents  of  carbon  monoxide.  In  fact,  in  plants  in 
which  it  is  possible  to  calculate  the  efficiency  directly,  the  resulting 
remaining  losses  may  be  unusually  high,  and  if  it  is  not  mentioned 
at  the  same  time,  that  these  do  not  include  also  the  greater  part  of 
the  losses  by  imperfect  combustion,  they  are  misleading. 

In  the  diagram  it  is  also  interesting  to  follow  up  the  progress  of 
the  effective  coefficient  of  the  fuel  composition  e^.  The  value  of 
this  coefficient  coincides  with  the  coefficient  e^  during  the  com- 
bustion of  one  batch  of  fuel  at  only  two  points,  that  is,  soon  after 
adding  fresh  fuel  and  at  the  end  of  the  period  of  distillation. 

From  this  it  is  clear  that  the  fuel  burns  in  a  composition  corre- 
sponding to  the  elementary  composition  only  during  a  period 
forming  quite  an  insignificant  fraction  of  the  total  period  of  com- 
bustion. In  the  case  under  consideration,  the  value  e^  was  within 
the  limits  of  about  0-06  to  0-27.  The  composition  of  the  fuel  being 
burnt  therefore  changed  within  limits  corresponding  on  one  side 
to  the  composition  of  charcoal  and  on  the  other  side  exceeding  in 
the  proportion  of  hydrogen  that  of  benzene  or  acetylene.  These 
phenomena  may  also  be  followed  up  by  the  progress  of  the  curve 
COo,,,,,,,  where,  however,  they  are  not  so  significant  for  the  reason 
mentioned  above.  The  value,  which,  in  experiments  chiefly  con- 
cerned with  the  reduction  of  the  losses,  has  the  greatest  importance, 
is  the  value  of  the  excess  air,  as  according  to  this  it  can  safely  be 
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judged  whether  the  cause  of  the  imperfect  combustion  is  an  in- 
sufficiency of  air  in  the  fire  space  or  whether  the  cause  is  to  be  found 
in  other  faults,  chiefly  of  a  constructional  nature,  such  as  unsuitable 
form  or  insufficient  size  of  the  combustion  space,  etc.  At  the 
moment  under  consideration  the  excess  air  (p)  was  0-81;  therefore 
a  definite  and  very  considerable  insufficiency  of  air  prevailed  in  the 
fire  space.  In  normal  practice  where  only  average  values  are  taken 
as  a  basis  for  calculation,  a  considerable  excess  of  air  would  certainly 
have  been  the  result,  from  which  it  would  be  possible  to  draw  other 
conclusions  than  on  the  basis  of  the  diagram.  It,  therefore,  often 
happens  that  it  is  asserted  that  complete  combustion  is  attained 
with  an  excess  of  air  greater  than  in  reality,  whereas  the  operation 
is  being  carried  out  either  with  a  very  small  excess  of  air  or  finally 
very  often  with  an  insufficiency  of  air.  If  additional  air  is  suitably 
used  in  the  critical  periods  or  other  suitable  arrangements  are  made, 
it  is  possible  to  attain  very  satisfactory  combustion  with  a  relatively 
insignificant  excess  of  air.  It  seems  that  in  technical  practice,  the 
necessar}'  attention  and  care  has  not  yet  been  devoted,  even  in 
large  plants,  to  this  circumstance. 

RÉSUMÉ 

3. 500. 000  tonnes  de  charbon  brut  sont  utilisées  chaque  année  en  Tchécoslova- 
quie pour  le  chauffage  domestique.  Ce  charbon  est,  cependant,  utilisé  de  façon 
très  peu  satisfaisante  et  une  fumée  excessive  est  souvent  émise  des  cheminées 
des  maisons.  L'Institut  pour  l'utilisation  économique  des  combustibles  a 
récemment  été  créé  dans  le  but  d'améliorer  la  construction  des  cheminées  de 
maison  et  de  combattre  la  fumée.  En  Tchécoslovaquie,  trois  quarts  du 
combustible  consommé  dans  les  maisons  sont  du  lignite,  meilleur  marché,  dans 
bien  des  régions  du  pays,  que  les  autres  combustibles;  c'est  pour  cette  raison 
qu'il  faut  surtout  prêter  grand'  attention  au  lignite. 

Les  maintes  épreuves  et  recherches  faites  par  l'Institut  pour  l'utilisation 
économique  des  combustibles  sont  exposées  dans  le  présent  mémoire.  Afin 
d'accroître  la  popularité  de  poêles  plus  efficaces  et  plus  avantageux,  des 
conférences  se  tiennent  au  plus  grand  bénéfice  des  fabricants  et  des  consom- 
mateurs; de  cette  façon  de  grands  progrès  ont  été  faits  en  un  laps  de  temps 
remarquablement  court. 
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Ein  Merkmal  für  die  technische  Entwickhing  der  letzten  Jahre  ist 
die  Betonung  der  Wirtschaftlichkeit  und  Zweckmässigkeit.  Dabei 
steht  im  Vordergrund  auch  die  Erkenntnis,  dass  der  Wirtschaftser- 
folg des  Einzelnen  mit  dem  der  Gesamtheit  eng  verknüpft  ist.  Die 
grösstmögliche  Wirtschaftlichkeit  ist  nicht  nur  bei  der  Gütererzeu- 
gung, sondern  auch  beim  Güterverbrauch  anstrebenswert.  Es  soll 
aber  nicht  übersehen  werden,  dass  das  Ziel  der  gemeinsamen  Be- 
mühungen nicht  nur  Hebung  des  Wohlstandes,  sondern  vor  allem 
die  Hebung  des  kulturellen  Niveaus  sein  muss.  Diese  Ueberle- 
gungen  führen  zu  der  Formel  Vergeude  keine  Energie  in  irgendwelcher 
Form! 

Auch  die  Entwicklung  und  Gestaltung  der  Gasgeräte  muss  sich 
den  Forderungen  anpassen,  die 

vom  Standpunkt  der  Verbraucher, 

vom  Standpunkt  der  Gaswerke, 

vom  Standpunkt  der  Gasgeräte-Industrie, 

in  wirtschaftlicher  Hinsicht  gestellt  werden  können. 

Der  Haushalt  ist  heute  noch,  und  wird  es  wohl  noch  lange  bleiben, 
der  beste  und  grösste  Abnehmer  der  Gaswerke.     Die  wirtschaftliche 
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Entwicklung  der  Gasgeräte  für  den  Haushalt  muss  sich  der  Ent- 
wicklung und  den  Bedürfnissen  des  Haushalts  anpassen.  Im  Haus- 
halt wird  ein  sehr  beträchtlicher  Teil  des  Volkseinkommens  wieder 
umgesetzt.  Der  wirtschaftliche  Haushalt  ist  daher  eine  der 
wichtigsten  Forderungen  der  Volkswirtschaft.  Es  mehren  sich  die 
Anzeichen,  dass  dies  auch  von  den  Hausfrauen  immer  deutlicher 
erkannt  wird. 

Die  Gasgeräte  sind  berufen,  bei  der  Rationalisierung  des  Haus- 
halts eine  wichtige  Rolle  zu  spielen. 

FORDERUNGEN  DER  VERBRAUCHER 

1.  Der  Gasherd. — In  erster  Linie  ist  der  Gasherd  zu  betrachten, 
da  er  von  allen  Gasgeräten  die  weiteste  Verbreitung  gefunden  hat. 

Schon  bei  der  Gründung  eines  Haushalts,  beim  Beschaffen  der 
Einrichtung,  beginnt  die  wirtschaftliche  Ueberlegung.  Die  An- 
schaffungskosten des  Gasherdes  müssen  in  erträglichen  Grenzen 
bleiben,  sodass  seine  Verwendung  auch  in  bescheidenen  Verhält- 
nissen möglich  ist. 

Auf  der  anderen  Seite  muss  aber  von  den  Gasgeräten  auch  eine 
gewisse  Mindest-Lebensdauer  gefordert  werden,  damit  sie  nicht 
schon  nach  wenigen  Jahren  wieder  neu  beschafft  werden  müssen. 
Die  Herstellung  von  minderwertigen  Geräten  mit  kurzer  Lebens- 
dauer würde  eine  Vergeudung  von  Material  und  Kräften  darstellen, 
die  nicht  verantwortet  werden  könnte.  Die  Materialstärken  müssen 
daher  entsprechend  kräftig  genommen  werden.  Auch  eine  zu 
grosse  Lebensdauer  ist  nicht  zu  empfehlen,  weil  sich  sonst  die 
Fortschritte  der  Technik  nicht  rasch  genug  auswirken  können. 

Eine  Mindest-Lebensdauer  von  15  Jahren  wird  deshalb  für  ange- 
messen gehalten.  Beim  Bau  des  Herdes  muss  korrosionssicheres 
Material  weitgehendst  Verwendung  finden. 

Weiter  muss  man  verlangen,  dass  die  Instandhaltungskosten 
möglichst  niedrig  gehalten  werden.  Wenn  überhaupt  Reparaturen 
notwendig  werden,  so  müssen  sie  mit  geringen  Kosten  durchführbar 
sein.  Daraus  ergibt  sich,  dass  die  der  x\bnützung  unterworfenen 
Teile  von  den  haltbaren  Teilen  zweckmässig  getrennt  und  leicht 
ausgewechselt  werden  sollen. 

Wir  stehen  daher  für  den  Gasherd  die  Forderung  auf,  dass  möglichst 
alle  seine  Einzelteile  leicht  ausgewechselt  werden  können.  Dies  gilt 
besonders  von  Herdplatten,  Brennern,  Düsen,  Hähnen,  Herdgalerien, 
Luftreguherungen,  Bratrohrboden  und  -Leistenrahmen. 

Im  Gebrauch  sollten  die  Gasgeräte  einfach  und  praktisch  sein. 
Ihre  Bedienung  soll  keine  Vorkenntnisse  erfordern  und  in  kürzester 
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Zeit  erlernt  werden  können.  Um  Fehler  in  der  Bedienung  aus- 
zuschliessen,  sollen  die  Haushaltgeräte  ganz  einfach  konstruiert  sein 
und  möglichst  wenig  verstellbare  Teile  enthalten. 

Aus  diesem  Grunde  soll  die  Herdplatte  möglichst  aus  einem 
Stück  sein,  soll  also  am  besten  nur  eine  Art  Rippenrost  darstellen 
und  keine  losen  Ringe  besitzen.  Da  das  richtige  Einstellen  der 
Luftregulierung  oft  versäumt  wird  und  erst  erlernt  werden  muss,  so 
sind  rückschlagsichere  Brenner  ohne  Luftregulierung  unbedingt 
vorzuziehen.  Bei  den  Bratrohrbrennern  können  überhaupt  Leucht- 
flammen angewendet  werden,  was  ihre  Bedienung  bedeutend 
vereinfacht. 

Von  grösster  Wichtigkeit  ist  es  aber,  dass  die  Hausfrau  durch  den 
Gebrauch  von  Gasgeräten  Ersparnisse  an  Zeit  und  Arbeit  erzielen 
kann.  Die  Erhaltung  der  Arbeitskraft  der  Hausfrau  ist  eines  der 
wichtigsten  Fundamente  für  das  Wohlergehen  der  ganzen  Familie. 
Die  Hausfrau  darf  nicht  durch  Hausarbeit  aufgebraucht  werden, 
sondern  soll  alle  Hilfsmittel  der  Technik  an  die  Hand  bekommen, 
damit  sie  die  mechanische  Tätigkeit  in  kürzester  Zeit  erledigen  und 
sich  dann  höheren  Aufgaben  zuwenden  kann.  Die  Gasgeräte  sind 
ein  grosser  Schritt  vorwärts  zur  Erreichung  dieses  Zieles. 

Der  Gasherd  soll  daher  gerade  für  die  einfachsten  Kochmethoden 
geeignet  sein.  Das  Anbrennen  oder  Misslingen  von  Speisen  darf 
bei  Einhaltung  der  einfachsten  Regeln  überhaupt  nicht  vorkommen 
Unter  anderem  werden  die  in  manchen  Ländern  schon  vorkom- 
menden Bratrohre  mit  Schaufenstern  von  vielen  Hausfrauen 
dankbar  begrüsst  werden.  Zu  einem  guten  Gelingen  der  Speisen 
ist  eine  tadellos  gleichmässige  Wärmeverteilung  im  Bratrohr 
notwendig.  Diese  kann  durch  zweckmässige  Anordnung  der 
Brenner  und  geeignete  Ausbildung  der  Abgaskanäle  erzielt  werden. 

Um  ein  rasches  Arbeiten  zu  ermöglichen,  soll  der  Gasverbrauch 
der  Brenner  entsprechend  reichlich  bemessen  werden.  In  Deutsch- 
land wird  man  dazu  übergehen,  den  Herd  mit  zwei  Normalbrennern 
von  je  1  500  kcal  h  (6  000  B.T.U.  per  hour)  und  ein  bis  zwei  Stark- 
brenner von  je  2  300  kcal  h  (9  200  B.T.U.  per  hour)  auszustatten. 
Für  den  Bratrohrbrenner  wird  eine  Wärmeleistung  von  3  000  kcal  /h 
(12  000  B.T.U.  per  hour)  als  zweckmässig  erachtet.  Alle  angege- 
benen Zahlen  sind  Mindestzahlen  und  beziehen  sich  auf  den  unteren 
Heizwert.  Bei  diesen  Wärmeleistungen  der  Brenner  dürfte  ein 
rasches  und  sicheres  Arbeiten  gleichzeitig  mit  einer  guten  Wärme- 
ausnützung  des  Brennstoffes  sichergestellt  werden. 

Darüber  hinaus  kann  man  noch  die  Forderung  erheben,  dass  der 
Gasherd  möglichst  wenig  Aufsicht  braucht.  Man  muss  immermehr 
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dazu  übergehen,  denselben  für  automatisches  Arbeiten  einzurichten, 
sodass  die  Zeit  für  seine  Bedienung  und  Beaufsichtigung  auf  ein 
Minimum  herabgedrückt  wird.  Hiezu  gehört  vor  allen  Dingen  eine 
selbsttätige  Regelung  der  Temperatur.  Dieser  Weg  ist  zum  Teil  schon 
beschritten  worden;  es  bietet  sich  aber  noch  ein  grosses  Feld  von 
Möglichkeiten  für  die  vielseitigste  Anwendung  der  Thermostaten. 

Die  bisherigen  Kochmethoden  müssen  auf  die  Verwendung  von 
Wärmereglern  im  Bratrohr  umgestellt  werden.  Ein  modernes 
Kochrezept  wird  ausser  der  bisherigen  Angaben  noch  die  am  Regler 
einzustellende  Temperatur  und  die  bei  dieser  Temperatur  erforder- 
liche Zeit  enthalten.  In  Verbindung  mit  einer  geeigneten  Uhr,  die 
nach  Ablauf  der  eingestellten  Zeit  ein  Zeichen  gibt  oder  gleich 
selbst  die  Gaszufuhr  absperrt,  gewährleisten  die  Thermostaten  das 
einfachste  und  zuverlässigste  Arbeiten,  das  sich  denken  lässt. 

Zur  Ersparnis  an  Zeit  und  Arbeit  gehört  auch,  dass  der  Gasherd 
selbst  möglichst  wenig  Zeit  für  Reinigung  und  Instandhaltung 
beansprucht.  Alle  diejenigen  Teile,  deren  häufige  Reinigung 
erwünscht  ist,  müssen  ohne  Anwendung  von  Werkzeugen  heraus- 
nehmbar sein.  Hier  sind  vor  allem  die  Herdplatten,  Brenner, 
Tropfschalen  und  Bratrohrinnenwände  zu  nennen.  Sie  sollen 
entweder  emailliert  sein  oder  aus  einem  MetaU  bestehen,  das  nicht 
rostet  und  sich  leicht  reinigen  lässt.  Auch  die  äussere  Form  des 
Herdes  muss  entsprechend  glatt  und  einfach  gehalten  sein. 

Da  die  Haushaltgeräte  ausschliesslich  von  Nicht-Technikern 
bedient  werden,  sind  grösste  Betriebssicherheit  und  vollkommene 
Unfallsicherheit  unerlässliche  Bedingungen.  Auch  dies  führt 
wieder  zu  der  Forderung,  dass  die  Konstruktion  des  Herdes  so 
einfach  wie  möglich  sein  muss.  Hier  muss  besonders  die  Abschaf- 
fung der  zur  Zeit  in  Deutschland  weitverbreiteten  Doppelspar- 
brenner verlangt  werden,  deren  Kleinsteller  zu  zahlreichen  Störungen 
Anlass  gibt.  Es  muss  eine  einfache  Brennerkonstruktion  gefunden 
werden,  die  sich  auf  eine  Wärmeleistung  von  ca.  200  kcal/h  (800 
B.T.U.  per  hour)  kleinstellen  lässt,  ohne  zurückzuschlagen. 

Eine  andere  Einrichtung,  die  häufig  zu  leicht  konstruiert  ist  und 
daher  oft  nicht  funktioniert,  sind  die  Schwenkbrenner,  die  zum 
Einstellen  von  Oberhitze  und  Unterhitze  am  Bratrohr  dienen.  Sie 
führen  auch  oft  zu  Bedienungsfehlern  durch  unkundige  Hand. 
Auch  diese  können  u.  E.  bei  zweckmässiger  Bratrohrkonstruktion 
vermieden  werden. 

Aus  Sicherheitsgründen  muss  verlangt  werden,  dass  der  Brat- 
rohrhahn mindestens  in  der  geschlossenen  Stellung  arretiert 
werden  kann.  Bei  den  Brennerhähnen  ist  dies  nicht  unbedingt 
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erforderlich,  aber  gleichfalls  erwünscht.  Falls  ausser  dem 
Bratrohrbrenner  noch  eigene  Grillbrenner  vorhanden  sind,  soll  der 
Bratrohrhahn  mit  dem  Grillhahn  mechanisch  so  gekuppelt  sein, 
dass  nur  der  eine  oder  der  andere  Hahn  geöffnet  werden  kann. 
Hierdurch  werden  Bedienungsfehler  vermieden,  die  Verpuff ungen 
oder  Explosionen  im  Bratrohr  zur  Folge  haben  könnten.  Da  solche 
Verpuffungen  bei  ungeschickter  Bedienung  trotzdem  vorkommen 
können,  so  muss  entweder  die  Bratrohrtüre  sehr  leicht  aufgehen 
oder  der  plötzlich  auftretende  hohe  Druck  auf  andere  Weise  einen 
Ausweg  finden,  damit  der  Herd  keinen  Schaden  leidet  und  Personen 
nicht  verletzt  werden  können. 

Die  Unfallsicherheit  muss  sich  natürlich  nicht  nur  auf  die  Geräte 
sondern  auch  auf  die  Gasleitung  erstrecken.  Auf  die  sachgemässe 
Verlegung  und  Dichtheit  der  Leitungen  muss  daher  grösste  Sorgfalt 
verwendet  werden.  Die  Installationsvorschriften  werden  in 
Deutschland  zur  Zeit  einer  Neubearbeitung  unterzogen,  welche 
diesen  Punkt  besonders  berücksichtigt. 

Im  Interesse  der  Betriebssicherheit  ist  es  auch  notwendig,  dass  der 
Gasherd  gegen  massige  Schwankungen  des  Gasdruckes  und  der 
Gasbeschaffenheit  unempfindlich  ist.  Die  Gaswerke  sind  zwar 
bemüht,  diese  Werte  möglichst  konstant  zu  halten.  An  solchen 
Orten  aber,  wo  die  hiezu  erforderlichen  Einrichtungen  noch  nicht 
vorhanden  sind,  muss  der  Gasherd  auch  bei  wechselnden  Verhält- 
nissen Dienst  tun.  Daher  werden  zweckmässig  auswechselbare 
oder  noch  besser  verstellbare  Düsen  angewendet. 

Nachdem  das  Gas  ein  hochwertiger  Brennstoff  ist,  der  seinen 
Erzeugungskosten  entsprechend  bezahlt  werden  muss,  ist  die 
möglichst  gute  Ausnützung  seines  Wärmewertes  eine  selbstver- 
ständliche Forderung,  selbstverständlich  sowohl  im  Sinne  des 
Einzelhaushalts  als  auch  der  Energiewirtschaft.  Auf  einen  guten 
Wirkungsgrad  der  Gasgeräte  muss  daher  grosser  Wert  gelegt  werden, 
soweit  die  Ersparnis  an  Zeit  und  Arbeitskraft  hierdurch  nicht 
beeinträchtigt  wird.  Bei  Herden  ist  der  Wirkungsgrad  ausserdem 
dadurch  begrenzt,  dass  die  Verbrennung  hygienisch  einwandfrei 
sein  muss.     Hierüber  wird  weiter  unten  noch  die  Rede  sein. 

2.  Der  Gasheizkörper. — Wenden  wir  uns  nun  der  Beheizung 
der  Wohnräume  zu,  so  stellen  wir  fest,  dass  diese  zur  Zeit  noch 
vorwiegend  mit  festen  Brennstoffen  geschieht.  Die  Mengen, 
die  für  diesen  Zweck  aufgewendet  werden,  sind  sehr  erheblich,  werden 
aber  meist  nur  unvollkommen  ausgenützt.  Die  Heizung  mit  Gas 
ist  daher  sowohl  wegen  der  geringeren  Verteilungskosten  als  auch 
wegen  der  besseren  Brennstoffausnützung  eine  wichtige  Forderung 
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der  Energiewirtschaft.  Sobald  diese  Erkenntnis  Allgemeingut 
geworden  ist  und  für  Heizzwecke  ein  entsprechend  niedriger  Gaspreis 
gewährt  werden  kann,  haben  die  Gasheizkörper  eine  grosse  Zukunft 
vor  sich. 

Bei  zweckmässiger  Ausgestaltung  der  Heizkörper  vermag  die 
Gasheizung  wesentliche  Vorteile  gegenüber  den  festen  Brennstoffen 
zu  bieten.  Dazu  gehört  vor  allem  die  leichte  und  einfache 
Bedienung  der  Gasheizkörper.  Um  Fehler  in  der  Bedienung 
hintanzuhalten,  empfiehlt  es  sich,  Haupthahn  und  Zündfiammen- 
hahn  zwangläufig  so  voneinander  abhängig  zu  machen,  dass  der 
Haupthahn  erst  nach  dem  Zündflammenhahn  geöffnet  werden 
kann.  Noch  besser  ist  eine  Zündflammensicherung,  welche  die 
Gaszufuhr  zum  Hauptbrenner  erst  freigibt,  wenn  die  Zündflamme 
brennt,  und  die  ausserdem  das  Gas  sofort  absperrt,  wenn  die 
Zündflamme  durch  irgend  einen  Zufall  oder  ein  Versehen  ausgelöscht 
wird.  Durch  derartige  Vorrichtungen  können  alle  Unfälle  infolge 
Ausströmung  von  un  verbranntem  Gas  und  Explosionen  mit  Sicherheit 
vermieden  werden.  Gerade,  weil  ein  Gasheizofen  fast  gar  keine 
Bedienung  erfordert  und  vollkommen  sich  selbst  überlassen  werden 
kann,  sollten  diese  Zündflammensicherungen  grundsätzlich  an  jedem 
Heizkörper  angebracht  werden. 

An  Gasheizkörpern,  die  fast  durchwegs  eine  rasche  Wärmeabgabe 
und  so  gut  wie  keine  Wärmespeicherung  aufweisen,  wurde  zuerst 
die  Beobachtung  gemacht,  dass  der  Gesamtgasverbrauch  um  so 
geringer  ist,  je  rascher  die  Erwärmung  des  Raumes  erfolgt.  Dies 
gilt  besonders  für  die  Uebergangszeiten,  in  denen  nur  vorüberge- 
hend geheizt  zu  werden  braucht.  Um  eine  wirtschaftliche  Heizung 
zu  erzielen,  wird  man  daher  für  rasche  Erwärmung  der  Räume 
sorgen,  die  Heizkörper  entsprechend  reichlich  bemessen  und  ihre 
Speichermassen  auf  ein  Mindestmass  herabdrücken. 

In  der  kalten  Jahreszeit,  wenn  dauernd  geheizt  werden  muss, 
liegt  wieder  die  Gefahr  der  Gasverschwendung  nahe,  da  die  volle 
Leistung  des  Ofens  nur  zum  Anheizen,  das  höchstens  eine  halbe 
bis  dreiviertel  Stunden  dauert,  gebraucht  wird;  zum  Weiterheizen 
genügt  \  bis  ^  der  vollen  Leistung.  Das  Kleinstellen  des  Brenners 
von  Hand  wirkt  nur  unvollkommen.  Am  besten  wirkt  hier  ein 
Temperaturregler,  der  die  Gaszufuhr  genau  nach  dem  Wärmebedarf 
des  Zimmers  einstellt. 

Die  Anschaffungskosten  des  Temperaturreglers  braucht  man  nicht 
zu  scheuen,  da  sie  sich  in  erstaunlich  kurzer  Zeit  durch  Gasersparnis 
bezahlt  machen.  Man  kann  ruhig  sagen,  dass  der  Gasheizofen  erst 
in   Verbindung   mit    einem    Thermostaten    seine    vollen    Vorzüge 
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entfaltet.  Nach  dem  Inbrandsetzen  beansprucht  er  überhaupt  keine 
Bedienung  mehr  und  erspart  so  der  Hausfrau  einen  wesentlichen 
und  sehr  unangenehmen  Teil  der  bisherigen  Hausarbeit. 

Der  Gasheizofen  benötigt  ausserdem  noch  einen  Schutz  gegen 
Ueberhitzung,  da  seine  Heizfläche  und  damit  seine  Wärmeleistung 
scharf  begrenzt  ist  und  keine  Ueberlastung  verträgt.  Dieser 
Schutz  besteht  in  einem  Regulierventil,  das  bei  der  ersten  Inbetrieb- 
setzung des  Ofens  so  eingestellt  ward,  dass  die  verbrannte  Gasmenge 
der  Wärmeleistung  des  Ofens  entspricht.  Bei  schwankendem 
Druck  und  Heizwert  des  Gases  ist  diese  Begrenzung  der  Gaszufuhr 
besonders  wichtig.  Gegen  den  Angriff  der  Verbrennungsgase  ist 
der  Heizkörper  zweckmässig  durch  Innen-Emaillierung  zu  schützen 
oder  aus  nichtrostendem  Metall  herzustellen. 

Auf  die  Anforderungen,  die  vom  hygienischen  Standpunkt  an  die 
Gasheizkörper  gestellt  werden,  kommen  wir  weiter  unten  zu 
sprechen.  Dort  wird  auch  die  Abführung  der  Abgase  behandelt 
werden. 

3.  Der  Warmwasserbereiter. — An  wirtschaftlicher  Bedeutung 
steht  der  Raumheizung  am  nächsten  die  Warmwasserbereitung. 
Im  Gegensatz  zur  Kohlenfeuerung,  bei  der  ein  Warmwasserbehälter 
meist  zwecks  Rückgewinnung  der  Abwärme  eingebaut  ist,  werden 
zur  Bereitung  von  Warmwasser  mittels  Gas  eigene  Apparate 
verwendet.  Wärmetechnisch  und  konstruktiv  bieten  diese  Gas- 
geräte wohl  die  meisten  Schwierigkeiten.  Ihrer  Weiterentwicklung 
muss  daher  ein  besonderes  Augenmerk  geschenkt  werden. 

Nachdem  der  Warmwasserverbrauch  für  Badezwecke  den  grössten 
Teil  des  Gesamtverbrauches  ausmacht,  ist  in  Deutschland  zur  Zeit 
noch  der  einfache  Badeofen  überwiegend.  Die  Entwicklung 
dürfte  sich  aber  wie  in  anderen  Ländern  in  der  Richtung  bewegen, 
dass  von  einem  zentralen  Warmwasserapparat  neben  dem  Bad 
auch  noch  die  Schlaf  räume  und  die  Küche  versorgt  werden.  Man 
wird  also  auch  hier  immer  mehr  zu  Anlagen  übergehen,  die  ganz 
automatisch  arbeiten  und  überhaupt  keine  Bedienung  oder  Aufsicht 
erfordern. 

Wenn  man  aber  schon  daran  denkt,  die  in  Betrieb  befindlichen 
Gasapparate  überhaupt  sich  selbst  zu  überlassen,  so  muss  man  auch 
folgerichtig  alle  automatischen  Sicherheitseinrichtungen  anbringen 
die  den  Apparat  selbst  vor  Beschädigung  schützen  und  jede  Gefahr 
für  die  Umgebung  ausschliessen.  Besonders  muss  den  Schäden 
vorgebeugt  werden,  die  durch  Unterbrechungen  in  der  Gaszufuhr 
oder  in  der  Wasserlieferung  entstehen  können. 

Der  Schutz  gegen  falsche  Bedienung,  gegen  Unterbrechungen  in 
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der  Gaszufuhr  und  gegen  Explosionen  ist  wie  bei  den  Heizkörpern 
durch  entsprechende  Konstruktion  der  Armatur  und  durch  Zünd- 
flammensicherungen zu  erreichen. 

Da  die  Warmwasserapparate  mit  Rücksicht  auf  günstigste  Wär- 
meübertragung verhältnismässig  dünnwandig  und  leicht  gebaut 
werden  müssen,  sind  sie  gegen  Verrussen  und  Ueberhitzung  besonders 
empfindlich.  Diese  beiden  Erscheinungen,  die  fast  stets  zusammen 
auftreten,  können  den  Apparat  unter  Umständen  ganz  zerstören. 
Durch  sorgfältige  Einregulierung  der  Gaszufuhr  muss  dem  vorge- 
beugt werden.  In  solchen  Orten,  wo  starke  Druckschwankungen 
auftreten,  z.B.  die  Druckwellen  zum  Zünden  und  Löschen  der 
Strassenbeleuchtung,  genügt  diese  Massnahme  allein  noch  nicht, 
sondern  es  muss  ein  Druckregler  vor  dem  x\pparat  eingeschaltet 
werden,  der  die  schädlichen  Druckwellen  aufhält. 

Die  Gefahr  des  Unbrauchbarwerdens  droht  dem  Apparat  auch  dann, 
wenn  der  Wasserzufluss  unterbrochen  wird,  sei  es  infolge  ungenügen- 
den Wasserdrucks  oder  infolge  zu  enger  Wasserleitungen.  Wenn 
kein  Frisch wasser  mehr  nachströmt,  während  der  Apparat  in 
Betrieb  ist,  wird  die  vom  Brenner  erzeugte  Hitze  nicht  mehr 
rasch  genug  abgeführt,  die  Heizfläche  wird  überhitzt,  die  Lötstellen 
schmelzen  ab.  Diese  Gefahr  kann  durch  Schmelzsicherungen  oder 
Wassermangelsicherungen  beseitigt  werden.  Gegen  zu  hohen 
Wasserdruck  können  die  Apparate  durch  Sicherheitsventile  oder 
durch  Vorschalten  von  Schwimmergefässen  geschützt  werden. 

Wie  bei  allen  automatisch  arbeitenden  Anlagen  sind  auch  bei  den 
Wassererhitzern  Temperaturregler  zweckmässig,  da  sie  eine  viel 
gleichmässigere  Temperatur  des  Wassers  einhalten  als  dies  je  durch 
Handregulierung  möglich  ist.  Wenn  keine  höhere  Wasserwärme 
als  55^C  (131°F)  verlangt  ist,  bietet  der  Wärmeregler  bei  kalk- 
haltigen Wässern  ausserdem  Schutz  gegen  Verkalkung,  da  im 
allgemeinen  erst  oberhalb  dieser  Temperatur  Kesselsteinbildung 
eintritt. 

Allerdings  wird  durch  den  Einbau  aller  dieser  Vorrichtungen  das 
Gasgerät  zu  einem  verhältnismässig  komplizierten  Gebilde.  Dies 
steht  zum  Teil  in  Widerspruch  zu  der  oben  aufgestellten  Forderung 
nach  einfacher  Bauart  und  leichter  Bedienbar keit.  Man  muss 
daher  von  vorneherein  auf  die  Betriebssicherheit  und  lange  Lebens- 
dauer dieser  Sicherungen  grösste  Sorgfalt  verwenden  und  die 
Apparate  entsprechenden  Prüfungen  unterwerfen.  Auch  wird  man 
tunlichst  die  Anordnung  so  treffen,  dass  kein  Schaden  entstehen 
kann,  selbst  wenn  eine  der  Sicherheitseinrichtungen  versagt.  Auch 
die  Forderung  nach  grösster  Billigkeit  wird  bei  den  rein  automatisch 
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arbeitenden  Gasgeräten  nicht  mehr  ganz  zu  erfüllen  sein,  umsomehr, 
als  gerade  bei  den  Sicherungen  keine  Kosten  gescheut  werden 
dürfen,  um  absolute  Zuverlässigkeit  garantieren  zu  können  Man 
wird  unbedingt  verlangen  müssen,  dass  nur  ganz  bewährte  und 
vertrauenswürdige  Modelle  auf  den  Markt  gelangen  und  dass  die 
Preisfrage  erst  in  zweiter  Linie  eine  Rolle  spielen  darf.  Wie  in  der 
ganzen  Industrie,  so  muss  auch  im  Haushalt  der  Grundsatz  "safety 
first"  allen  anderen  Interessen  vorangestellt  werden. 

Von  den  oben  aufgeführten  Vorrichtungen  wird  man  Wassermangel- 
und  Zündflammensicherungen  unter  allen  Umständen  vorschreiben 
müssen.  Die  übrigen  Sicherungen  sind  je  nach  den  örtlichen 
Verhältnissen  anzuwenden.  Soweit  sich  der  Käufer  von  der 
Notwendigkeit  dieser  Anordnungen  nicht  überzeugen  lässt,  wird 
der  Erlass  von  Vorschriften  nicht  zu  umgehen  sein.  Solche 
sind  zum  Schutz  des  Publikums  ebenso  notwendig  und  berechtigt, 
wie  z.B.  die  Sicherheitsvorschriften  für  Dampfkessel-  oder  Auf- 
zugsanlagen. 

4.  Gewerbliche  Gasfeuerungen. — -Die  Verwendung  von  Gas  in 
Gewerbe  und  Industrie,  soweit  es  von  Gaswerken  bezogen  wird, 
reicht  an  den  Verbrauch  der  Haushaltungen  noch  nicht  heran,  macht 
aber  schon  einen  beachtlichen  Bruchteil  der  Gesamterzeugung  aus 
und  ist  im  Zunehmen  begriffen.  Nach  der  ausführlichen  Behandlung 
der  Haushaltgeräte  kann  die  Besprechung  der  industriellen  Gasfeue- 
rungen kürzer  gehalten  werden.  Bei  diesen  steht  die  Zweckmässig- 
keit, Betriebssicherheit  und  der  hohe  Wirkungsgrad  im  Vordergrund 
des  Interesses.  Mehr  noch  als  im  Haushalt,  spielt  die  Zeitersparnis 
eine  Rolle,  da  sich  diese  im  Fabrikbetrieb  unmittelbar  als  Ersparnis 
an  Löhnen  auswirkt.  Dem  Schutz  der  Arbeiter  gegen  Unfälle  und 
gesundheitliche  Schädigungen  ist  selbstverständlich  grösste  Beach- 
tung zu  schenken.  Automatisch  arbeitende  Anlagen,  die  fast  keine 
Bedienungskosten  verursachen,  sind  für  Gewerbebetriebe  besonders 
vorteilhaft. 

Soweit  die  gewerblichen  Feuerungen  zur  Wärmebehandlung  von 
Stoffen  dienen,  z.B.  Stahl,  Metalle,  Glas,  keramische  Erzeugnisse, 
ist  es  von  ausschlaggebender  Wichtigkeit,  dass  die  Güte  der  Erzeug- 
nisse durch  die  Gasfeuerung  entweder  gar  nicht  oder  nur  im  günstigen 
Sinne  beeinflusst  wird 

An  den  gewerblichen  Gasgeräten  ist  bemerkenswert,  dass  ihre 
Entwicklung  etwas  später  eingesetzt  hat  und  dass  sie  den  Vorsprung 
der  Haushaltgeräte  noch  nicht  eingeholt  haben.  Ihre  weitere 
Vervollkommnung  wird  daher  eine  der  nächsten  Aufgaben  der 
Gasindustrie  sein. 
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FORDERUNGEN  DES  HYGIENIKERS 

Für  die  Haushaltgasgeräte  muss  der  Hygieniker  noch  eine  Reihe 
von  Bedingungen  aufstellen.  Diese  können  zwar  ebensogut  als 
Forderungen  des  einzelnen  Verbrauchers  gedeutet  werden.  Da 
aber  eine  gesunde  und  leistungsfähige  Bevölkerung  das  Ziel  einer 
jeden  vernünftigen  Wirtschaft  sein  muss,  können  die  Gesichtspunkte 
der  Volkswohlfahrt  und  Gesundheitspflege  ein  höheres  Interesse 
beanspruchen  als  die  mehr  privatwirtschaftlichen  Zweckmässig- 
keitsfragen. 

Den  Bedürfnissen  der  Volksgesundheit  kommen  ja  die  Gasgeräte 
schon  durch  die  Vermeidung  jeglicher  Staub-  und  Russplage  weit 
entgegen.  Ausserdem  haben  gasbeheizte  Warmwasserbereiter  die 
Beschaffung  von  heissem  Wasser  für  die  Körperpflege  und  für 
Reinigungszwecke  in  unübertroffener  Weise  einfach  und  bequem 
gemacht.  Auch  eine  zweckmässige  und  bekömmliche  Nahrung 
ist  jetzt  durch  die  Vorteile,  die  der  Gasherd  bietet,  namentlich  durch 
die  rasche  Zubereitung  der  Speisen,  leichter  und  besser  herzustellen 
als  früher.  Es  bleibt  also  nur  noch  zu  erwähnen,  dass  gesundheit- 
liche Schädigungen  der  Verbraucher  durch  das  Gas  oder  seine 
Verbrennungsprodukte  verhindert  werden  müssen. 

Bezüglich  der  Schädigungen  durch  das  Gas  selbst  ist  beim  Punkt 
Unfallsicherheit  schon  das  Nötige  erwähnt  worden.  Bei  den  Ver- 
brennungsgasen muss  zunächst  verlangt  werden,  dass  das  Auftreten 
von  Kohlenoxyd  möglichst  ganz  vermieden  wird.  Die  Gasgeräte 
müssen  also  derart  gebaut  sein,  dass  eine  vollkommene  Verbrennung 
unter  allen  Umständen  stattfindet. 

Für  Gasherde  lautet  die  in  Deutschland  geltende  Vorschrift,  dass 
der  Gehalt  an  Kohlenoxyd  im  theoretischen  trockenen  Abgas  nicht 
mehr  als  0, 10%  betragen  darf.  Diese  Vorschrift  wird  man  auch  auf 
die  Heizkörper  und  Wassererhitzer  ausdehnen,  deren  Verbrennungs- 
gase in  einen  Schornstein  geleitet  werden;  denn  bei  den  weiter  unten 
behandelten  Zugunterbrechern  und  Rückstausicherungen  ist  es 
immerhin  möglich,  dass  die  Abgase,  wenn  auch  nur  vorübergehend, 
in  den  bewohnten  Raum  austreten. 

Aber  auch  dann,  wenn  die  Abgase  kein  Kohlenoxyd  oder  nur  Spuren 
davon  enthalten,  sollen  dieselben  aus  bewohnten  Räumen  fernge- 
halten werden.  Zwei  Hauptbestandteile  der  Abgase,  Wasserdampf- 
und Kohlensäure,  bewirken  beide  eine  Verschlechterung  der  Atem- 
luft, die  auf  die  Dauer  gesundheitliche  Schädigungen  verursachen 
kann.  Man  wird  daher  grundsätzlich  verlangen,  dass  die  Abgase 
von  allen  Geräten,  die  entweder  den  ganzen  Tag  über  in  Betrieb  sind 
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(Heizkörper)  oder  in  kurzer  Zeit  grosse  Gasmengen  verbrauchen 
(Warmwasserbereiter)  durch  Schornsteine  ins  Freie  geführt  werden. 

Mit  der  Ableitung  der  Verbrennungsgase  unmittelbar  ins  Freie  hat 
man  in  letzter  Zeit  keine  guten  Erfahrungen  gemacht.  An  den  von 
Wind  getroffenen  Flächen  der  Häuser  stauen  sich  die  Luftmassen 
und  bilden  eine  Ueberdruck-Zone,  die  das  Austreten  der  Abgase 
meist  vollständig  verhindert.  Auch  sind  in  dichtbebauten  Städten 
die  Luftströmungen  an  und  zwischen  den  Häusern  so  unregelmässig 
und  wechselnd,  dass  die  Verhältnisse  für  die  direkte  Ableitung  der 
Abgase  völüg  unberechenbar  sind. 

Dazu  kommt,  dass  sich  an  den  unmittelbar  ins  Freie  münden- 
den Abgasleitungen  im  Winter  eine  Eiskruste  bildet,  die  den  Weg 
der  Abgase  unter  Umständen  ganz  versperren  kann.  Ferner  sind 
die  Warmwasserapparate  in  Gefahr,  durch  Frost  zerstört  zu  werden, 
während  sie  ausser  Betrieb  sind,  da  die  Kälte  durch  die  kurze 
Abgasleitung  zu  leicht  in  den  Raum  eindringen  kann. 

Die  einzige  sichere  Methode  ist  daher,  die  Abgase  in  einen  Schorn- 
stein zu  leiten,  der  in  der  Nähe  des  Dachfirstes  und  etwas  über 
diesen  ausmündet,  sodass  seine  Bekrönung  dem  freien  Windstrom 
ausgesetzt  ist. 

Der  Schornstein  muss  gegen  Wärmeverluste  sorgfältig  geschützt 
werden  und  wird  deshalb  am  zweckmässigsten  im  Innern  des  Hauses 
hochgeführt. 

Die  Abgasleitungen  müssen  so  angelegt  sein,  dass  der  Zug  des 
Schornsteins  die  Verbrennung  nicht  beeinflussen  kann,  dass  Ver- 
russungen der  Apparate  vermieden  und  Zugstörungen  ferngehalten 
werden.  Diese  Forderungen  sind  zum  Teil  in  Gegenden  mit 
unstetigen  Witterungsverhältnissen  gar  nicht  leicht  zu  erfüllen. 

Durch  Zugunterbrecher,  Rückstausicherungen  und  Schornstein- 
aufsätze versucht  man  die  schädlichen  Einflüsse  des  Schornsteinzuges 
und  des  Windes  abzulenken.  Diese  Vorrichtungen  sind  zwar  nicht 
immer  unmittelbare  Bestandteile  der  Gasgeräte,  sind  aber  für 
deren  Gebrauch  und  Weiterentwicklung  von  grösster  Bedeutung. 
Als  weitere  Schwierigkeit  kommt  dazu,  dass  die  Temperatur  der 
Abgase  bei  Gasfeuerungen  wegen  der  guten  Wärmeausnützung  viel 
niedriger  ist  als  bei  Kohlenfeuerungen.  Man  muss  daher  den 
Abgasen  eine  gewisse  Restwärme  belassen,  um  ihre  einwandfreie 
Ableitung  sicherzustellen  und  darf  mit  dem  Wirkungsgrad  über 
einen  gewissen  Betrag  nicht  hinausgehen.  Mit  Rücksicht  auf  den 
hohen  Wasserdampfgehalt  der  Abgase  müssen  diese  gegen  Abküh- 
lung sorgfältig  geschützt  werden,  damit  ihre  Temperatur  nicht  unter 
den  Taupunkt  sinkt  und  keine  Kondensation  im  Schornstein 
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eintritt.  Durch  Zusatz  von  Frischluft  kann  der  Taupunkt  der 
Abgase  erniedrigt  und  auf  diese  Weise  die  Kondensation  bis  zu 
einem  gewissen  Grad  verhindert  werden. 

Die  Ableitung  der  Abgase  sucht  man  ausserdem,  soweit  der 
natürliche  Zug  des  Schornsteins  zu  schwach  ist,  durch  Schorn- 
steinaufsätze zu  unterstützen.  Der  gemeinsame  Grundgedanke 
aller  derartigen  Vorrichtungen  ist  durch  die  auch  bei  sonnigem 
Wetter  in  der  Nähe  des  Dachfirstes  stets  vorhandenen  Luftströ- 
mungen eine  Saugung  an  der  Schomsteinmündung  zu  erzeugen. 

Es  ist  auch  noch  eine  umstrittene  Frage,  ob  die  Verbrennungsgase 
von  Gasgeräten  und  von  Kohlenfeuerungen  in  denselben  Schornstein 
geleitet  werden  können.  Alle  diese  Probleme  haben  jedoch  noch 
keine  endgültige  Lösung  gefunden.  Die  Fragen  der  Abgasleitungen 
müssen  daher  noch  sorgfältig  studiert  werden. 

Neben  der  Ableitung  der  Verbrennungsgase  müssen  noch  zwei 
Hauptbedingungen  erfüllt  sein,  wenn  man  von  einer  hygienischen 
Beheizung  der  Wohnräume  sprechen  will.  Die  Heizung  muss 
gleichzeitig  lüftend  wirken;  dies  ist  bei  Gasheizkörpern  ohne  weiteres 
gegeben,  wenn  sie  ordnungsgemäss  funktionieren.  Ausserdem 
muss  die  Staubverschwelung  an  den  Heizflächen  vermieden  werden, 
die  bei  Oberflächentemperaturen  über  70°C  (158°F)  einsetzt.  Der 
schädliche  Einfiuss  der  Staubverschwelung  auf  die  Atemluft  wurde 
erst  spät  erkannt.  Früher  sprach  man  von  einer  austrocknenden 
Wirkung  der  Heizkörper.  Die  Staubverschwelung  kann  verhindert 
werden,  entweder  indem  man  die  Ablagerung  von  Staub  auf  dem 
Heizkörper  vermeidet  durch  glatte  emaillierte  Oberflächen,  die 
leicht  zu  reinigen  sind,  oder  indem  man  den  Heizkörper  so  kon- 
struiert, dass  keine  Oberflächentemperaturen  über  70°C  auftreten. 

Von  einer  guten  Raumheizung  muss  ferner  gleichmässige  Wärme- 
verteilung und  gute  Bodenwärme  verlangt  werden;  diesen  An- 
forderungen entspricht  gerade  der  Gasofen  in  vollkommener  Weise. 

Infolge  der  heutigen  Wohnungsverhältnisse  sind  die  sogenannten 
Kleinst  Wohnungen  stark  im  Zunehmen  begriffen.  Den  hier 
gegebenen  engen  Platzverhältnissen  muss  besonders  Rechnung 
getragen  werden,  wenn  den  hygienischen  Forderungen  noch  genügt 
werden  soU.  Die  Reinigung  des  Fussbodens  unter  dem  Gasherd 
muss  auch  in  ganz  engen  kleinen  Küchen  noch  leicht  möglich  sein. 
Auch  die  Entlüftung  der  Küche  muss  insonders  sorgfältig  angelegt 
werden.  Bei  diesen  Verhältnissen  beträgt  das  Volumen  des  beim 
Kochen  entstehenden  Dampfes  unter  Umständen  schon  ein  Mehr- 
faches vom  Volumen  der  Verbrennungsgase  und  vom  Rauminhalt 
der  Küche. 
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FORDERUNGEN  DER  GASWERKE 
Die  Gaswerke  stellen  grosse  Zentralen  für  die  Wärmeversorgung 
ihres  Landes  dar.  Im  Rahmen  der  Volkswirtschaft  müssen  sie 
daher  ihre  Aufgabe  darin  erblicken,  dass  die  von  ihnen  gelieferten 
Brennstoffe  möglichst  zweckmässig  und  wirtschaftlich  verwendet 
werden.  Sie  müssen  also  dem  Wirkungsgrad  der  Gasverbrauchs- 
geräte ihr  Hauptaugenmerk  widmen.  Hinsichtlich  der  übrigen 
Eigenschaften  der  Gasgeräte  stimmen  die  Ansprüche  der  Gaswerke 
vollständig  mit  denen  der  Verbraucher  überein,  soweit  die  Werke 
nämlich  Wert  darauf  legen,  zufriedene  Abnehmer  zu  haben.  Da  die 
Gaswerke  in  der  Regel  einen  Wachdienst  unterhalten,  der  die  an 
Gasgeräten  und  -Anlagen  auftretenden  Störungen  behebt,  so  sind 
sie  an  der  Betriebssicherheit  der  Gasgeräte  erheblich  interessiert. 
Auch  für  die  Beurteilung  der  Unfallsicherheit  sind  die  Gaswerke  in 
erster  Linie  zuständig.  Besonders  auf  dauernde  Gasdichtheit  der 
Geräte  muss  grosser  Wert  gelegt  werden.  Aus  Sicherheitsgründen 
muss  man  verlangen,  dass  möglichst  alle  Gasgeräte  fest  an  die 
Leitung  angeschlossen  werden.  Dieser  Festanschluss  muss  be- 
sonders bei  den  Herden  zur  Vereinfachung  der  Installation  ein- 
heitlich ausgeführt  werden. 

Soweit  sich  die  Gaswerke  mit  der  Ueberwachung  und  Reparatur 
von  Gasgeräten  befassen,  werden  sie  ebenso  wie  die  Verbraucher 
Wert  darauf  legen,  dass  die  Reparaturkosten  ein  erträgliches  Mass 
nicht  überschreiten. 

Hieraus  leitet  sich  die  Forderung  nach  weitgehendster  Zerlegbarkeit 
und  Auswechselbarkeit  der  Einzelteile  ohne  besondere  schwierige 
Arbeit,  besonders  beim  Gasherd,  ab.  Auf  eine  angemessene  Lebens- 
dauer der  Gasgeräte  können  die  Gaswerke  durch  Erlass  von  Material- 
vorschriften hinwirken. 

Auch  zur  Vereinheitlichung  der  Herdteile  haben  in  Deutschland  die 
Gaswerke  den  ersten  Anstoss  gegeben.  Bezüglich  der  Brenner  hat 
man  sich  schon  auf  die  erwähnten  zwei  Grössen:  Normalbrenner  und 
Starkbrenner  geeinigt.  Darüberhinaus  haben  die  Gaswerke  die 
Normung  einer  Bratrohrgrösse,  eines  Brennerhahnes,  der  Herdgalerie 
und  der  Düsen  gefordert.  Wieweit  sich  diese  Forderungen  mit  den 
Interessen  der  Fabrikanten  in  Einklang  bringen  lassen,  muss  sich 
im  Verlauf  der  Verhandlungen  ergeben. 

Auf  Grund  ihrer  Ueberwachungstätigkeit  sind  die  Gaswerke  die 
Sammelstelle  für  alle  Erfahrungen  über  Gasgeräte.  Ihre  Aufgabe 
ist  es  daher,  die  Leistungsforderungen  für  Gasgeräte  aufzustellen, 
deren    Beurteilung    durchzuführen    und    geeignete    Prüfverfahren 
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auszuarbeiten.  Da  sie  dauernd  in  enger  Fühlung  mit  den  Ver- 
brauchern stehen,  sind  sie  berufen,  die  Wünsche  der  Verbraucher  an 
die  Gasgeräte-Industrie  zu  übermitteln,  überhaupt  die  Zusammenar- 
beit der  beteiligten  Kreise  zu  organisieren. 

FORDERUNGEN    DES    KONSTRUKTEURS    UND 
FABRIKANTEN 

Aufgabe  der  Gasgeräte  bauenden  Industrie  ist  es  nun,  die  sämt- 
lichen Anforderungen  der  Verbraucher  und  der  Gaswerke  mit  der 
einen  Hauptforderung  zu  vereinen,  dass  die  Gasgeräte  zu  einem 
erschwinglichen  Preis  zu  haben  sind.  Diese  Industrie  muss  daher 
ihren  Erzeugnissen  auch  noch  die  Bedingung  auferlegen,  dass  sie 
möglichst  einfach  und  wirtschaftlich  hergestellt  werden  können. 
Vom  Standpunkt  der  wirtschaftlichen  Fertigung  und  der  einfachen 
Lagerhaltung  muss  eine  weitgehende  Normung  und  Typisierung 
erfolgen.  Die  Zahl  der  hergestellten  Typen  muss  auf  das  notwen- 
digste beschränkt  werden.  Bei  zweckmässiger  Ausbildung  der 
Typen  wird  es  trotzdem  möglich  sein,  alle  Wünsche  der  Verbraucher 
zu  befriedigen. 

Durch  Zerlegung  in  einzelne  Bauteile,  die  sich  zu  verschiedenen 
Typen  zusammensetzen  lassen,  wird  äusserlich  eine  gewisse  Mannig- 
faltigkeit der  Herdmodelle  zu  erreichen  sein.  Es  handelt  sich  bei 
diesen  Konstruktionen  weniger  um  schwierige  Probleme,  wie  in 
anderen  Zweigen  des  Maschinenbaues,  sondern  um  konstruktive 
Kleinarbeit,  die  sich  liebevoll  mit  jedem  kleinsten  Teil  beschäftigt 
bis  eine  in  jeder  Beziehung  befriedigende  Idealform  erreicht  ist. 
Sache  des  Konstrukteurs  ist  es,  die  vom  Verbraucher  erträumte 
ideale  Lösung  mit  den  Mitteln  der  Werkstatt-Technik  auf  den 
Boden  der  Wirklichkeit  zu  stellen. 

FORDERUNGEN  DER  ARCHITEKTEN 

Schliesslich  spielen  auch  die  Rücksichten  auf  den  Wohnungsbau  und 
die  Architektur  eine  Rolle  bei  der  Ausgestaltung  der  Gasgeräte. 
Auch  auf  den  Hausbau  wird  heute  das  Prinzip  der  Wirtschaft- 
lichkeit angewandt.  Die  Baukosten  werden  durch  den  Platzbedarf 
sehr  erheblich  beeinflusst. 

Die  Ansichten  über  Platzbedarf  und  Raumhöhe  haben  infolge- 
dessen eine  Umstellung  erfahren.  Die  moderne  Baukunst  hat  an 
einigen  Beispielen  schon  gezeigt,  dass  auch  bei  sparsamer  Platz- 
verteilung ein  Raum  zur  Wirkung  gebracht  werden  kann. 

Auch  mit  Rücksicht  auf  rationelles  Arbeiten  ist  die  Beschränkung 
des  Platzes  in  der  Küche  von  Vorteil,  weil  dadurch  weite  Wege 
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vermieden  werden.  Von  Frankfurt  und  Stuttgart  sind  schon 
beachtliche  Vorschläge  für  die  zweckmässige  Ausgestaltung  der 
modernen  Küche  gemacht  worden. 

Auch  für  Bäder  in  Kleinstwohungen  liegen  schon  Entwürfe  vor. 

Der  Platzbedarf  der  Gasgeräte  soll  sich  diesen  Bestrebungen  an- 
passen und  einfügen,  was  ja  glücklicherweise  ohne  Schwierigkeit 
möglich  ist. 

Die  äussere  Form  und  Ausstattung  der  Gasgeräte  soll  dem  heutigen 
Stand  der  Wohnungskultur  entsprechen.  Wenn  die  Geräte  zweck- 
mässig gebaut  und  gut  durchkonstruiert  sind,  wird  dies  ohne 
weiteres  der  Fall  sein.  Das  ästhetische  Grundgesetz  der  Technik 
sagt  ja  aus,  dass  Schönheit  und  Zweckmässigkeit  gegenseitig  bedingt 
sind.  Man  kann  daher  die  äussere  Aufmachung  von  Gasgeräten 
sogar  bis  zu  einem  gewissen  Grade  als  Masstab  für  ihre  Qualität 
verwenden. 

Die  schlichte  glatte  Form,  die  aus  Reinlichkeitsgründen  und  wegen 
der  leichteren  Herstellung  verlangt  wird,  wirkt  durchaus  stilecht 
und  steht  mit  dem  Geist  der  Zeit  in  Einklang.  Verzierungen  im 
Stil  früherer  Jahrhunderte  sind  hier  nicht  am  Platz.  So  z.B. 
würden  geschweifte  Fusse  an  Herden  vollkommen  unverständlich 
wirken.  Ebenso  muss  vor  Modespielereien  gewarnt  werden,  da 
solche  mit  der  oben  gestellten  Bedingung  einer  angemessenen 
Lebensdauer  unvereinbar  sind. 

Bei  den  aufgezählten  Forderungen  wird  man  bemerkt  haben,  dass 
dieselben  bei  den  zur  Zeit  im  Handel  befindlichen  Gasgeräten  zum 
Teil  schon  erfüllt  sind.  Tatsächhch  bedeutet  der  heutige  Stand  der 
Gastechnik  schon  einen  grossen  Fortschritt  gegen  die  Heizungsarten 
früherer  Zeiten.  Aber  gerade  wenn  man  sich  die  Vorzüge  der 
heutigen  Gasgeräte  klar  macht,  wird  man  am  besten  erkennen, 
in  welcher  Richtung  sich  die  weitere  Entwicklung  bewegen  muss. 
Die  gesteckten  Ziele  werden  durch  Gemeinschaftsarbeit  der  beteilig- 
ten Kreise  erreicht  werden. 


RÉSUMÉ 

Economy  in  lighting  and  heating  should  be  practised  in  the  home,  and  gas 
appliances  are  predestined  to  play  an  important  part  in  labour  saving.  These 
include  cookers,  gas  fires  and  water  heaters. 

The  initial  costs  and  maintenance  expenses  of  gas  appliances  should  be  kept 
low  in  order  to  allow  of  their  general  use.  It  is  suggested  that  such  appliances 
should  last  on  an  average  for  fifteen  years,  which  period  should  eliminate 
wastage,  without  hindering  progress.      The  construction  of  these  appliances 
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should  be  standardised  to  the  greatest  extent  possible  in  order  to  facilitate 
maintenance  and  repair. 

It  is  essential  that  all  gas  apparatus  should  be  designed  in  such  a  manner  that 
previous  experience  or  special  instruction  in  its  use  are  not  required,  and  the 
design  should,  therefore,  be  simple,  practical  and  easy  to  work.  Automatic 
control  must  ensure  complete  safety.  Special  importance  is  attached  to  quick 
and  efficient  service  in  order  to  save  time  and  work. 

Suitable  temperature  regulators  may  further  develop  the  automatic  control 
of  these  appliances,  which  will  also  ensure  economy  of  gas  consumption. 

Automatic  regulation  will  necessitate  safety  devices  to  eliminate  danger  to 
the  user.  These  must  cover  variations  in  the  gas  and  water  supply,  extinction 
of  the  flame,  cutting  off  of  air  supply,  etc. 

In  connection  with  industrial  gas  firing,  only  briefly  treated  in  this  paper,  the 
effect  on  the  quality  of  the  product  must  be  investigated  in  each  specific  case. 

Perfect  combustion  and  the  complete  removal  of  all  combustion  gases  is  of 
vital  importance. 

According  to  the  nature  of  the  fuel  and  the  composition  of  the  combustion 
gases,  in  some  cases  difficulty  is  experienced  in  removing  these  to  the  outside 
air.  The  usual  practice  of  removing  these  gases  through  a  short  flue  in  the 
wall  to  the  outside  has  not  proved  a  satisfactory  solution,  and  a  solution  of  the 
problem  is  urgently  required. 

The  gas  industry  is  the  most  competent  body  to  supervise  improvements 
in  design  of  gas  appliances,  and  will  be  called  upon  in  the  future  to  act  as 
advisers  to  the  manufacturers  and  users.  Developments  in  this  direction  can 
be  influenced  by  laying  down  standard  requirements  and  by  continued  research 
work. 

The  manufacturers  will  readily  see  the  advantage  of  keeping  up  with  the 
demand  for  future  improvements. 

The  radical  changes  which  have  taken  place  during  the  last  few  years  in  house 
construction  have  called  for  new  designs  of  gas  appliances,  particularly  in  the 
case  of  small  houses,  where  the  restricted  space  has  created  a  new  field  for  the 
development  of  such  apparatus. 

The  present  time  offers  great  opportunities  to  the  manufacturer  and  to  the 
gas  works,  and  it  is  hoped  that  additional  substantial  improvements  will  be 
effected  in  the  near  future. 
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I— INTRODUCTION 
Fuel  Production 

During  the  ten  years,  1918-1928,  the  world's  production  of  coal 
has  been  maintained  at  a  nearly  uniform  value  of  1,200  million 
English  tons  annually  ;  but  whereas  at  the  beginning  of  this  period 
coal  was  the  source  of  about  85  per  cent,  of  the  total  energy^ 
generated,  it  now  represents  only  75  per  cent.^  the  use  of  natural 
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oil  and  natural  gas  having  so  far  developed  as  to  account  for 
15  per  cent.,  while  water  power  provides  the  remaining  10  per 
cent. 
The  world's  coal  supplies  are  consumed  approximately  as  follow  : 
Railways         20  per  cent. 


Domestic  purposes    ... 

15 

Metallurgical  coke    ... 

15 

Gas  manufacture 

5 

Electricity  generation 

5 

General  industrial  purposes 

40 

100      „ 

In  Great  Britain,  over  the  same  period  (excluding  1921  and 
at  the  mines),  the  output  of  coal  has  averaged  245  million  tons  a 
year,  of  which  some  170  million  tons  have  been  available  for  home 
use,  distributed  in  the  following  manner  : — ^ 

Railways      7.5  per  cent. 

Domestic  purposes  ...         23.0       „ 

Metallurgical  coke  ...         14.0       „ 

Gas  manufacture    ...         ...  9.5       „ 

Electricity  production        ...  4.5       ,, 

General  industrial  purposes         41.5       „ 


100       „ 

The  relatively  high  proportions  of  coal  employed  both  directly 
for  domestic  purposes  and  also  for  the  manufacture  of  gas  and 
coke,  much  of  which  is  subsequently  utilised  for  domestic  pur- 
poses, are  outstanding  features  in  this  country,  and  emphasise  the 
necessity  for  an  examination  of  non-industrial  heating  methods 
and  of  the  possible  economies  to  be  effected  in  their  proper 
application. 

During  the  past  ten  years  both  household  and  gasworks  coal 
consumption  have  remained  steady,  the  former  at  40  million  tons 
a  year,  the  latter  at  some  16|  million  tons.  But,  owing  to  in- 
creasingly efficient  methods  of  gas  production  and  distribution, 
and  to  the  growing  use  of  coke  for  water-gas  manufacture,  the 
yield  of  gas  per  ton  of  coal  carbonised  has  steadily  risen.  The 
total  production  in  1918  (including  Ireland)  was  235,000  million 
cu.  ft.  ;  by  1927  it  had  become  305,000  milUon.  In  addition  to 
gas,  some  6^  million  tons  of  coke  per  year  are  available  for  home 
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distribution,   after  allowing   for  that  used  on  producers  or  for 
making    water-gas. 
The  thermal  balance  sheet  of  up-to-date  gas  manufacture  usually 
conforms  closely  to  the  following  figures  : — 

I'er  cent,  of  thermal  value  of 
coal  carbonised. 

In  gas  for  sale    ...    ...    ...  25 

In  coke  for  sale   ...    ...    ...  45 

In  tar     5 

Balance    (including  coke  used   for 
heating  the   retorts   and  making 

water-gas)             ...         ...         ...  25 


100 


Since  for  many  purposes  gas  coke  is  an  excellent  substitute  for 
raw  coal,  the  effective  weight  of  coal  destroyed  in  the  gas-making 
piocess  may  reasonably  be  regarded  as  only  55  per  cent,  of  the 
total  amount  carbonised,  or  if  an  allowance  be  made  also  for  tar, 
as  only  50  per  cent.    On  this  basis,  the  thermal  efficiency  of  the 

conversion  of  solid  fuel  into  gas  becomes =    50  per  cent. 

50 

This  figure  will  be  used  in  the  present  paper  in  comparing  the 

effective  coal  consumption  of  gas-fired  appliances  with  those  using 

other  types  of  fuel;  that  is  to  say,  it  will  be  assumed  that  the 

burning  of  any  specified  quantity  of  gas  involves  the  antecedent 

destruction  of  coal  equivalent  to  twice  its  thermal  value. 

Since  1922  there  has  been  a  gradual  increase  in  the  amount  of 
coal  used  by  authorised  undertakings  in  Great  Britain  for  the 
generation  of  electricity,^  and  this,  in  conjunction  with  improved 
methods  of  utilisation,  has  brought  about  an  increase  of  57  per 
cent,  in  the  corresponding  sales,  from  3,645  million  units  in  1922 
to  5,724  million  units  in  1926.  At  the  present  time  8  or  9  million 
tons  of  coal  are  dealt  with  annually,  the  thermal  efficiency  of 
generation  averaging  about  13  per  cent,  and  exceeding  20  per  cent, 
in  the  best  stations  ;  from  which  it  may  be  deduced  that  the  mean 
amount  of  coal  expended  represents  more  than  seven  and  a  half 
times  the  thermal  equivalent  of  the  electricity  produced. 

Computations  of  the  extent  to  which  the  more  general  adoption 
of  electricity  for  heat  production  would  react  upon  the  country's 
aggregate  coal  consumption  will  be  based  upon  this   ratio.     It 
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should,  however^  be  remarked  that  low  grade  and  comparatively 
cheap  coal,  such  as  would  be  of  little  value  for  most  other  pur- 
poses, can  be  utilised  in  power  stations;  but  since  the  available 
supplies  of  such  coals  are  limited,  any  very  considerable  increase 
in  output  might  entail  the  necessity  for  resorting  to  more  costly 
raw  material. 

In  addition  to  coal,  coke,  gas  and  electricity,  it  is  estimated  that 
over  100  million  gallons  of  kerosene  (paraffin  oil)  or  the  thermal 
equivalent  of  about  half  a  million  tons  of  coal,  are  burned  annually 
in  lamps,  heating  stoves  and  cooking  stoves. 
Fuel  Prices 

During  recent  years  the  prices  of  fuels  have  fluctuated  widely; 
they  are  also  subject  to  considerable  local  variations.  It  is  thus 
somewhat  difficult  to  decide  which  averages  should  be  selected  as 
representative  of  normal  conditions.  For  the  present  comparisons, 
however,  the  following  prices  have  been  adopted  :  — 

Bituminous  coal  (13,500  B.Th.U.  per  lb.)     45/-  ton. 


Anthracite  (14,500  B.Th.U.  per  lb.) 
Gas  coke  (12,500  B.Th.U.  per  lb.) 
Fuel  oil  (19,000  B.Th.U.  per  lb.) 
Paraffin  oil  (19,500  B.Th.U.  per  lb.) 
Gas 

Electricity    ... 


75/-  ton. 
40/-  ton. 
95/-  ton. 
1/-  gallon. 
lOd.   therm 

(100,000  B.Th.U.). 
Id.  unit 

(3,410  B.Th.U.). 


On  this  basis  the  relative  costs  of  potential  heat  units  in  the 
diff^erent  fuels,  referred  to  bituminous  coal  as  unity,  are  as 
follow  :  — 


Bituminous  coal   ... 

1.0 

Anthracite 

1.6 

Gas   coke 

1.0 

Fuel  oil 

1.5 

Paraffin  oil 

4.3 

Gas 

5.6 

Electricity  ... 

...       16.1 

The  costs  per  therm  (100,000  B.Th.U.)  of  potential  heat  have, 
however,  been  worked  out  for  a  range  of  prices,  in  order  to  allow 
of  suitable  adjustment  to  changed  rates.  These  are  given  in 
Table  I. 
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TABLE  I 

COSTS  PER  THERM  OF  POTENTIAL  HEAT  UNITS  IN 
DIFFERENT  FUELS 


Fuel. 
Bituminous  coal  13,500  B.Th.U.  per  lb. 

At  60/-  ton      

At  50/-  ton      

At  40/- ton      

At  30/- ton      

Anthracite  14,500  B.Th.U.  per  lb. 

At  100/-  ton 

At  90/-  ton      

At  80/- ton      

At  70/- ton      

Coke  12,500  B.Th.U.  per  lb. 

At  50/-  ton      

At  40/-  ton      

At  30/-  ton      

At  20/- ton      

Fuel  oil  19,000  B.Th.U.  per  lb. 

At  110/-  ton 

At  100/-  ton 

At  90/- ton      


Cost  per  therm. 

Pence 
2.4 
2.0 
1.6 
1.2 

Pence 

3.7 
3.3 
3.0 
2.6 

Pence 
2.1 
1.7 
1.3 
0.9 

Pence 
3.1 

2.8 
2.5 


Paraffin  oil  (kerosene)  19,500  B.Th.U.  per  lb. 

At  1/4  gallon 

At  1/2  gallon 

At  1/-  gallon  ... 

At  lOd.  gallon 

Gas  of  any  calorific  value. 

At  1/6  therm 

At  1/-  therm 

At  6d.  therm 


Pence 

10 
9 


Pence 

18 
12 
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Electricity.  p^^^^ 

At  3d.  unit  88 

At  2d.  unit  58 

At  Id.  unit  29 

At  W-  unit  15 

Fuel  Requirements 

Fuel  is  required  not  only  for  creating  warmth  in  cold  weather 
but  also  for  heating  water  and  cooking  food.  Sometimes  one  of 
these  services  is  the  most  important,  sometimes  another,  according 
to  the  season  and  the  particular  circumstances  ;  but  there  is  little 
doubt  that  in  general  by  far  the  greater  proportion  of  domestic 
fuel  is  directed  to  room  heating.  The  demands  for  hot  water 
also  are  nowadays  very  high,  while  the  amount  of  fuel  needed  for 
household  cooking  operations  is  relatively  small,  in  spite  of  the 
inefficiency  of  the  methods  used. 

II— EFFICIENCY  OF  HEATING  APPLIANCES 

Introduction 

Since  man  is  a  warm-blooded  animal,  having  an  internal  tempera- 
ture of  about  98° F.,  his  body  loses  heat  both  by  radiation  to  cooler 
surrounding  surfaces  and  by  convection  to  the  cooler  surrounding 
air.  The  human  furnace,  with  its  ingenious  automatic  controls, 
is  capable  of  adapting  itself  to  wide  variations  in  its  environment, 
but  for  comfort  during  sedentary  occupation  the  surroundings 
must  be  such  that  a  defined  rate  of  heat  production  is  able  to  main- 
tain a  normal  body  temperature  without  taxing  the  regulating 
mechanism.^ 

When  a  room  is  too  cold,  the  body  first  seeks  to  limit  its  heat 
losses  by  reducing  its  surface  temperature  through  an  automatic 
restriction  of  the  flow  of  warm  blood  to  the  surface  blood  vessels, 
the  interior  temperature  still  remaining  at  98°F.  The  surface  of 
the  body  having  thus  become  colder,  the  loss  of  heat  by  radiation 
and  convection  is  reduced,  but  in  extreme  conditions  this  device 
may  be  only  partially  successful,  and  an  increased  rate  of  heat 
production  may  become  necessary  to  maintain  body  temperature. 
A  sensation  of  cold,  physiologists  tell  us,^  is  due  mainly  to  the 
increased  temperature  difference  between  the  skin  surface  and  the 
deeper  nerve  endings,  a  comfortable  feeling  of  warmth  apparently 
being  associated  with  a  skin  temperature  of  about  91°  or  92°F. 
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When  a  room  is  too  warm,  free  circulation  of  blood  to  the  surface 
vessels  is  maintained,  the  skin  temperature  approaches  98°F.  and 
sweating  comes  into  play,  with  an  accompanying  sensation  of  over- 
heating. In  such  cases,  it  is  advantageous  if  the  humidity  of 
the  air  can  be  kept  fairly  low,  in  order  that  evaporation  may 
proceed  freely  from  the  moist  skin.  But  extreme  dryness  is 
generally  considered  to  be  harmful  to  the  delicate  membranes  of 
the  nose  and  throat,  and  is  probably  undesirable  even  in  hot 
environments. 

When  the  occupants  of  a  room  are  engaged  in  physical  work, 
their  rate  of  heat  production  is  increased  by  an  amount  which 
depends  only  upon  the  extent  of  their  exertions,  but  which  may 
double  or  treble  their  normal  heat  output.^-  *^  Hence  much  cooler 
conditions  are  required  for  their  comfort  than  would  be  the  case 
for  sedentary  workers  ;  but  since,  if  the  work  performed  is  heavy, 
the  environment  cannot  usually  be  so  modified  as  to  allow  of 
increased  radiation  and  convection,  counterbalancing  completely 
the  intensified  heat  production,  breathing  is  quickened  and  sweat- 
ing induced.  The  humidity  of  the  air  should  therefore  be  kept 
down,  and  its  movement  increased. 

The  results,  both  of  experiments  and  of  everyday  experience, 
show  that  sedentary  workers  in  ordinary  clothing  remain  comfort- 
ably warm  in  rooms  with  air  temperature  at  60°-  to  65° F.  pro- 
vided that  surrounding  surfaces,  including  the  walls,  etc.,  are  at 
about  the  same  temperature.  In  a  uniform  draught  of  100  ft. 
per  minute  the  necessary  temperature  is  increased  by  some  three 
degrees,  or  of  200  ft.  per  minute  by  six  degrees.'-  ^  Should  the 
mean  temperature  of  the  surroundings  be  in  excess  of  the  values 
quoted,  the  air  temperature  may  be  reduced  by  about  an  equal 
amount  and  comfortable  conditions  retained.  On  the  other  hand, 
if  the  surroundings  should  be  cooler  than  the  values  quoted,  higher 
air  temperatures  would  be  required. 

It  may  be  inferred  that  air  temperature  is  a  very  unreliable 
criterion  of  comfort,  which  depends  equally  upon  the  temperature 
of  solid  surroundings.  A  mercury  thermometer  hung  up  in  a 
room,  however,  does  not,  as  is  often  wrongly  supposed,  measure 
the  air  temperature  unless  it  is  carefully  shielded  from  radiation  ; 
its  readings  are  influenced  also  by  other  surroundings,  although 
not  necessarily  to  the  same  degree  that  the  comfort  of  occupants 
is  similarly  influenced.  But  it  generally  gives  in  a  very  simple 
way  a  fair  indication  of  comfort,  except  in  a  strong  draught,  or  in 
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rooms  with  local  sources  of  heat,  such  as  open  fires.  Its  indica- 
tions in  the  latter  case  are  entirely  dependent  upon  its  distance 
from  the  fire,  and  readings  in  a  single  position  may  give  a  wholly 
false  idea  of  the  general  comfort  of  the  room. 

All  methods  of  artificial  heating  depend  essentially  upon  the 
introduction  into  a  room  of  either  heated  surfaces  or  heated  air. 
It  is  not,  however,  feasible  to  restrict  the  effect  of  any  installation 
exclusively  to  radiation  or  exclusively  to  convection.  When  warm 
air  is  brought  into  a  room  contact  with  it  gradually  raises  the 
temperature  of  the  furniture  and  walls.  On  the  other  hand,  the 
presence  of  relatively  hot  radiating  surfaces  brings  about  air 
warming  as  a  secondary  effect,  for  although  the  air  does  not  itself 
absorb  appreciably  the  radiant  energy,  absorbtion  of  radiation 
occasions  a  gradual  warming  of  the  contents  of  the  room,  which 
then  communicate  heat  by  convection  to  the  neighbouring  air. 
Some  methods  of  heating,  however,  rely  for  their  effect  mainly 
upon  direct  radiation,  others  mainly  upon  direct  air  heating. 

Open  Fires 

Open  fires  afford  an  extreme  example  of  radiation  heating,  since 
not  only  are  they  run  at  such  high  temperatures  as  are  associated 
with  the  emission  of  very  intense  radiation,  but  the  hot  products 
of  combustion  and  excess  air  are  drawn  up  the  chimney  flue  and 
thus  prevented  from  making  any  direct  contribution  to  the  warming 
of  the  room.  Further,  since  the  ventilation  induced  by  open  fires 
is  usuall}'  very  high,  commonly  varying  from  some  5,000  to  30,000 
cu.  ft.  an  hour,  according  to  the  design  of  the  grate,  the  fuel 
used  and  the  conditions  of  burning,  the  secondary  action  of  the 
radiation  in  warming  the  room  air  is  retarded.  As  this  form  of 
heating  is  generally  operative  in  the  daytime  only,  the  room  thus 
never  has  time  to  become  sufficiently  warm  except  in  positions 
near  the  fire,  where  advantage  can  be  taken  of  direct  radiation. 
Hence  the  distribution  of  the  heating  effect  is  very  uneven.  More- 
over, if  solid  fuel  is  used,  the  conditions  in  the  room  will  fluctuate 
with  the  state  of  the  fire,  but  it  is  considered  nowadays  that  such 
variations  may  be  stimulating  physiologically. 

It  is  obviously  of  importance  to  direct  into  a  room  the  highest 
possible  proportion  of  the  radiation  from  open  fires.  This  is 
primarily  a  matter  of  correct  grate  design,  but  the  radiation 
efficiency  even  of  the  best  grates  is  no  more  than  a  small  fraction 
)f  the  total  potential  heat  of  the  coal  burned,  seldom  deviating  far 
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from  20  per  cent,  for  ordinary  commercial  types.  A  further  few 
per  cent,  of  the  heat  of  the  coal  is  transmitted  to  the  room  by 
conduction  through  the  surroundings  of  the  fire  and  the  flue  wall. 

Generally  speaking,  grates  which  are  very  deep  from  back  to 
front  are  relatively  inefficient;  thus,  by  increasing  this  dimension 
from  3^  in.  to  12  in.  the  radiation  received  in  a  room  was  reduced 
from  21.9  per  cent,  to  12.4  per  cent,  of  the  heat  of  the  coal  burned.^ 
But  by  subsequently  tilting  forward  the  back  of  the  grate  and 
slanting  in  the  sides  towards  the  back  the  radiation  efficiency  was 
increased  again  to  17.4  per  cent.  Similarly,  the  effect  of  deeply 
recessing  a  grate,  bringing  the  canopy  too  far  over  the  firebed,  or 
building  up  the  fuel  almost  into  the  flue  throat,  is  to  cut  off 
radiation  which  would  otherwise  find  its  way  into  the  room  and 
so  diminish  the  efficiency. 

The  removal  of  the  front  bars  from  a  grate  results  in  no  appreci- 
able change  of  efficiency  ;  this,  of  course,  does  not  necessarily  mean 
that  the  shielding  effect  of  the  bars  is  negligible,  but  more  probably 
that  it  is  counterbalanced  by  the  falling  back  of  the  front  surface 
of  the  fuel  in  a  barless  grate. ^° 

Excess  air  and  products  of  combustion  usually  carry  away  in 
sensible  heat  a  large  proportion  of  the  thermal  value  of  the  coal 
burned  in  open  fires  which  may  reach  50  per  cent,  or  more  for 
high  rates  of  flow.  Diminution  in  draught,  however,  although  it 
cuts  down  the  flue  loss,  does  not  effect  any  corresponding  increase 
in  radiation  efficiency,  a  reduced  rate  of  consumption  being 
attended  by  a  proportionately  reduced  intensity  of  radiation.  This 
result  may  at  first  sight  appear  surprising,  but  the  conditions  in 
open  fires  are  extremely  complicated  and  bear  little  analogy  to 
those  found  in  closed  stoves  or  boiler  furnaces.  A  considerable 
proportion  of  the  heat  generated  flows  into  the  brickwork  sur- 
rounds and  flues,  and  low  rates  of  combustion  entail  relatively 
heavy  conduction  losses;  further,  the  greater  part  of  the  air  which 
is  drawn  up  the  chimney  usually  flows  directly  into  the  flue  throat, 
and  when  the  flue  damper  is  pushed  in,  the  air  flow  is  diminished 
without  a  commensurate  reduction  in  the  rate  of  combustion,  and 
the  flue  temperature  rises.  On  the  other  hand,  the  fire  can  be 
controlled  directly  by  means  of  adjustable  air  inlets  beneath  the 
fuel  bed.  The  provision  of  adequate  draught  control  is  essential 
to  economy  since  low  rates  of  ventilation,  although  not  associated 
with  increased  radiation  efficiency,  allow  of  a  more  rapid  rise  in 
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the  room  temperature,  in  conjunction  with  which  less  intense 
radiation  suffices  for  comfort. 

The  warm  flue  gases  on  their  way  to  the  chimney  part  with  some 
of  their  heat,  which  is  conducted  through  the  flue  walls  to  adjacent 
rooms,  or  to  the  outside.  For  fires  burning  beneath  inside  flues 
the  net  heat  losses  are  thus  restricted  to  the  sensible  heat  of  the 
gases  issuing  from  the  chimney  and  the  thermal  value  of  unburned 
products  of  combustion.  Cohen  and  RusselP^  found  an  average 
soot  content  equivalent  to  6^  per  cent,  of  the  weight  of  the  coal 
burned  in  the  products  from  house  fires.  Recently  the  Govern- 
ment Testing  Institute  of  Sweden^-,  in  carrying  out  investigations 
of  the  conditions  associated  with  chimney  fires,  found  that  coke  in 
central  heating  boilers  produced  0.7  per  cent,  of  soot  by  weight; 
in  various  other  ranges,  stoves,  etc.,  it  produced  1.4  per  cent,  as 
compared  with  0.7  per  cent,  for  anthracite,  1.8  per  cent,  for  wood 
and  5.8  per  cent,  for  hard  coal.  The  volume  weight  of  the  soot 
from  the  hard  coal  was  about  1  litre,  that  from  the  other  fuels 
2  litres  per  kilogram.  Sinnatt^^  has  detected  both  carbon  monoxide 
and  unsaturated  hydrocarbons  in  the  flue  gases  from  both  coal 
and  coke  fires.  Soot  alone  amounted  only  to  2  per  cent,  of  the 
heat  of  the  coal  consumed,  but  the  total  losses  due  to  incomplete 
combustion  were  in  some  cases  as  high  as  20  per  cent.  This 
work  is  being  continued  in  greater  detail  by  the  Fuel  Research 
Division  of  the  Department  of  Scientific  and  Industrial 
Research,^*  preliminary  experiments  on  open  coke  fires  having 
shown  corresponding  losses  of  about  10  per  cent. 

Gas  coke,  provided  it  does  not  contain  too  much  moisture  and 
ash,  gives  a  higher  radiation  efficiency  and  a  more  uniform  heating 
efïect  than  raw  coal  in  open  grates  ;  but  it  is  somewhat  difficult  to 
light  and  does  not  burn  well  unless  the  draught  through  the  fire  is 
high,  the  firebed  deep,  or  the  insulation  of  the  grate  effective.  For 
this  reason,  a  number  of  grates  designed  specially  for  use  with 
coke  have  recently  made  their  appearance.  Attention  is  also 
being  paid  to  the  possibility  of  developing  upon  a  sound  commer- 
cial basis  processes  of  low-temperature  carbonisation,  for  the 
production  of  a  free  burning  solid  smokeless  fuel.  This  low- 
temperature  coke  is,  of  course,  like  gas  coke,  subject  to  variations 
in  quality,  according  to  the  nature  of  the  coal  from  which  it  is 
made,  and  the  method  of  quenching;  but  both  its  structure  and 
increased  proportion  of  volatiles  render  it  relatively  easy  to  ignite. 

The  writer^^   found  that  a  gas  coke  of  calorific  value   12,900 
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B.Th.U.  gave,  when  nearly  dry,  radiation  efficiencies  of  24  per 
cent,  and  28.5  per  cent,  respectively  in  tw^o  different  types  of 
ordinary  commercial  grates  compared  with  21  per  cent,  and 
24.5  per  cent,  for  a  good  house  coal.  Coke  containing  15  per  cent. 
or  20  per  cent,  of  moisture,  however,  was  no  better  than  coal. 
Again,  various  samples  of  low-temperature  cokes  burning  in 
different  grates  emitted  radiation  equivalent  to  20  per  cent,  to 
34  per  cent,  of  their  thermal  value  as  against  17^  per  cent,  to 
24^  per  cent,  for  coal. 

The  disposal  of  ash  without  too  far  disturbing  the  fire  and  thus 
chilling  the  fuel  is,  in  many  cases,  a  serious  consideration  in  coke 
fires.  Further,  Bligh  and  Hodsman^*'  have  shown  recently  that 
the  radiation  efficiency  of  coke  is  closely  associated  with  its  ash 
content.  Thus  two  cokes,  both  nearly  dry,  but  containing  5^  per 
cent,  and  1|  per  cent,  of  ash  respectively,  gave  radiation  effi- 
ciencies of  25  per  cent,  and  29  per  cent,  as  compared  with  20  per 
cent,  for  coal  tires  in  the  same  grate.  By  treating  coke  with 
sodium  carbonate  its  ignitability  and  combustibility  were  greatly 
increased,  although  the  radiation  efficiency  was  slightly  decreased. 

Anthracite  will  bum  satisfactorily  in  some  open  grates,  although 
a  good  supply  of  wood  is  necessary  to  start  it.  The  radiation 
efficiency  is  a  few  per  cent,  higher  than  that  for  coal. 

The  action  of  gas  fires  is  essentially  similar  to  that  of  open  coal 
or  coke  fires,  the  products  of  combustion  escaping  by  way  of  the 
flue  and  the  useful  effect  being  derived  from  radiation,  which, 
however,  upon  lighting,  rapidly  increases  to  a  practically  uniform 
value.  Since  the  radiation  from  luminous  flames  is  compara- 
tively low,  the  jets  in  modern  gas  fires  are  enclosed  in  openwork 
tubular  vertical  "radiants"  of  refractory  material,  mounted  upon 
an  insulated  firebrick  back.  These  become  incandescent,  and  in 
this  way,  by  narrowing  the  depth  of  fires  from  back  to  front  and 
suitably  adjusting  the  size  of  flames,  radiant  efficiencies  of  40  per 
cent,  to  50  per  cent,  have  been  reached,  the  sensible  heat  of  the 
flue  gases  accounting  for  a  further  30  per  cent.,  conduction  and 
convection  for  the  remainder. 

It  has  been  shown  that  for  a  given  fire  there  is  a  gas  consumption 
which  yields  a  maximum  efficiency;  thus  the  Gas  Heating  Re- 
search Committee^^  found  that  the  efficiency  of  a  fire  fell  from 
42.8  per  cent,  at  the  optimum  rate  of  31  cu.  ft.  of  gas  per  hour 
to  38.1  per  cent,  and  38.6  per  cent,  respectively  at  19.3  and  37.2 
cu.  ft.  per  hour.  Hartley^^  obtained  similar  results  with  a 
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12-in.  gas  tire,  which  showed  its  maximum  radiation  efficiency  of 
53  per  cent,  for  a  consumption  of  30  cu.  ft.  an  hour,  falling  to 
only  48.5  per  cent,  when  the  gas  flow  was  either  increased  to  42,  or 
decreased  to  18.5  cu.  ft.  per  hour.  This,  however,  represents 
only  a  relatively  slight  diminution  in  efficiency  over  a  w^ide  range 
of  consumption. 
The  rate  of  ventilation,  which  for  normal  gas  rates  usually  varies 
from  5,000  to  10,000  cubic  feet  an  hour,  does  not  affect  the 
radiation  emission  unless  the  distance  between  the  top  of  the 
radiant  and  the  bottom  of  the  canopy  is  small,  when  increased 
draught  tends  to  decrease  slightly  the  radiation  efficiency. 

Again,  it  has  been  shown  that  the  temperature  of  the  flames  of 
a  gas  fire  may  be  varied  over  a  considerable  range  by  alterations 
in  the  primary  aeration  without  any  corresponding  effect  upon  the 
radiation  emitted  for  similar  rates  of  consumption.^^  Similarly,  a 
wide  range  of  variation  in  calorific  value  is  permissible  without 
involving  any  diminution  in  efficiency,  provided  that  the  burners 
are  adjusted  correctly;^''  and  it  has,  in  this  country,  for  some  years 
been  the  custom  to  charge  for  gas  on  a  thermal  basis,  the  unit 
of  measurement  being  the  therm,  which  is  standardised  as  100,000 
B.Th.U.  Practically  all  gas  undertakings,  however,  supply  gas  of 
a  declared  calorific  value  between  400  and  500  B.Th.U.  per  cubic 
foot. 

Very  high  proportions  of  radiation  can  be  obtained  from  high- 
temperature  electric  heaters.  Although  of  almost  endless  variety, 
these  usually  consist  essentially  of  high  resistance  nickel- 
chromium  alloy  wires  wound  on  porcelain,  mica  or  fireclay 
bars,  and  mounted  in  a  reflecting  frame.  The  overall 
efficiency  of  such  heaters  is,  of  course,  nearly  100  per  cent., 
radiation  frequently  reaching  70  per  cent,  or  80  per  cent.  The 
balance  is  available  in  direct  air  heating,  unless  the  heater  is 
situated  under  an  open  flue,  when  it  is  lost  as  a  heating  agent  but 
becomes  effective  in  promoting  ventilation. ^'^  22,  23 

Closed  Stoves 

Either  solid,  liquid  or  gaseous  fuel,  or  alternatively  electricity, 
can  be  utiUsed  in  closed  stoves.  In  the  first  case  it  is  essential  to 
provide  for  the  removal  of  the  products  of  combustion,  but  flues 
are  frequently  dispensed  with  in  the  case  of  gas  stoves.  This  is 
often  permissible  in  factories,  workshops  and  the  like,  but  some 
care  is  necessary  in  the  use  of  flueless  gas  stoves,  since,  should 
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imperfect  combustion  occur,  carbon  monoxide  is  produced,  which 
is  extremely  poisonous  and  might  have  harmful  effects  upon 
health  in  poorly  ventilated  spaces.  Hence,  flueless  gas  heaters 
are  not  to  be  recommended  for  Hving  rooms  or  for  continuously 
occupied  offices.  The  conditions  under  which  gas  is  likely  to  be 
incompletely  burned  are,  however,  well  known;  these  include 
insufficiency  of  air  and  the  chilling  or  smothering  of  the  flames. 
In  well-designed  appliances,  such  as  the  column  air  heaters  usually 
employed  for  factory  heating,  due  care  is  taken  to  avoid  such 
defects,  and  provided  they  are  kept  clean  and  are  properly  regu- 
lated, harmful  products  should  not  be  produced  in  appreciable 
quantities.  On  the  other  hand,  heaters  in  which  bunsen  flames 
play  upon  some  refractory  material  or  are  enclosed  in  radiants,  or 
are  used  for  the  separate  heating  of  steam  radiators,  may  be  either 
quite  harmless  or  actually  dangerous,  according  to  their  design, 
adjustment  and  upkeep.2-*25,  26, 27,  28 

Of  solid  fuels,  coke  and  anthracite  are  most  commonly  burned 
in  closed  stoves.  In  properly  constructed  appliances,  with 
adequate  means  of  draught  regulation,  and  freely  exposed  on  all 
sides,  very  high  overall  efficiencies  can  be  obtained,  since  all  the 
heat  produced,  other  than  that  in  the  flue  gases  passing  the  ceiling 
level,  becomes  available  for  warming  the  room.  The  flue  loss  can 
be  kept  down  by  limiting  the  air  supply,  but  there  is  a  minimum 
below  which  the  escape  of  unburned  products  might  thereby  be 
increased.  Some  combustible  material  is  inevitably  thrown  away 
with  the  ash  from  solid  fuel  fires  and  there  may  be  local  conduc- 
tion losses  through  the  floor  space  beneath  a  stove,  but  the 
efficiency  should  be  considerably  above  the  50  per  cent,  which  is 
usually  quoted,  60  per  cent,  or  70  per  cent,  no  doubt  often  being 
attained.  Indeed,  Falck,^^  using  coke  in  an  iron  stove,  has  re- 
cently obtained  values  of  66  per  cent,  to  97  per  cent.,  calculated 
as  the  difference  between  the  heat  of  the  fuel  burned  and  the 
heat,  both  sensible  and  in  carbon  monoxide,  of  the  flue  gases. 

It  is  sometimes  wrongly  assumed  that  closed  stoves  are  to  be 
classed  as  direct  air  heaters,  probably  because  in  the  large  rooms 
where  such  stoves  are  most  often  employed  the  workers  are  too 
far  away  from  the  source  of  heat  to  get  the  full  benefit  of 
radiation,  and  air  heating,  direct  and  indirect,  must,  therefore,  be 
mainly  relied  upon.  It  has  been  amply  demonstrated  ^^^  ^''  ^^ 
that  surfaces  of  any  ordinary  finish  other  than  brightly 
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metallic,  even  when  only  a  few  degrees  warmer  than  their  sur- 
roundings, lose  energy  in  nearly  equal  proportions,  by  radiation 
and  convection,  provided  (1)  that  their  linear  dimensions  are  not 
less  than  about  a  foot,  after  which  the  convection  loss  per  unit 
area  gradually  increases,  (2)  that  they  are  not  arranged  in  such  a 
way  as  to  cause  radiation  from  one  part  to  be  obstructed  by  an- 
other part_,  and  the  quantity  escaping  thus  decreased,  and  (3)  that 
convection  currents  are  not  impeded.  Thus  ordinary  closed 
stoves,  except  where  special  provision  for  increased  air  circulation 
over  their  heated  surfaces  is  made,  owe  their  primary  heating 
effect  in  about  equal  degrees  to  radiation  and  convection,  although 
the  former  is  far  less  intense  locally  than  that  from  incandescent 
sources. 

Flueless  stoves,  provided  that  combustion  is  substantially  com- 
plete, or  electric  heaters  of  any  kind,  have,  of  course,  an  aggregate 
efficiency  of  practically  100  per  cent.,  the  proportions  in  which 
radiation  and  convection  contribute  to  the  total  depending  upon 
the  design  and  conditions  of  use.  If  the  products  of  combustion 
mix  with  the  room  air  before  imparting  any  considerable  fraction 
of  their  heat  to  radiating  surfaces,  or  if  the  construction  of  the 
stove  is  such  that  radiation  from  it  cannot  penetrate  freely  into 
the  room,  convection  will  be  mainly  operative.  In  other  cases, 
radiation  may  account  for  a  considerable  proportion  of  the  total 
energy  emission. 

Central  Heating  Systems 

In  large  buildings,  partly  to  reduce  labour  in  upkeep  and  partly 
also  to  secure  uniform  conditions,  some  system  of  continuous 
central  heating  is  generally  more  convenient  than  a  multiplication 
of  single  fires  or  stoves.  A  satisfactory  distribution  of  heat  can 
be  effected  more  easily  through  the  agency  of  air  heating  than  by 
the  maintenance  of  local  high-temperature  radiating  sources,  but 
the  medium  carrying  the  heat  of  the  fuel  from  the  furnace  to  the 
various  rooms  may  be  either  air,  hot  water  or  steam,  or  a  com- 
bination of  these.  It  is,  however,  in  any  case  practically  essential 
in  cold  weather  to  warm  to  some  extent  the  large  volumes  of  air 
which  are  required  for  the  satisfactory  ventilation  of  industrial 
premises,  whether  or  not  radiators,  steam  pipes,  or  other  auxiliary 
heating  appliances  are  installed  in  addition. 

In  private  residences,  offices^  hotels,  etc.,  the  most  usual  method 
of  distributing  the  heat  is  by  circulating  through  column  radiators 
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hot  water  obtained  either  directly  from  hot  water  boilers,  or  where 
the  necessity  for  steam  arises,  for  example,  in  hotel  kitchens, 
from  calorifiers  run  in  conjunction  with  steam  boilers.  In  factories 
and  large  workshops,  on  the  other  hand,  pipes  carrying  low- 
pressure  steam  are  mare  usual.  These  are  often  run  overhead, 
partly  in  order  to  save  floor  space  and  partly  to  prevent  cold  down 
draughts  from  skylights.  Plenum  or  exhaust  systems  of  direct 
air  heating,  in  which  air  warmed  by  contact  with  a  battery  of 
steam  or  hot-water  pipes  is  forced  or  drawn  through  ducts  to 
suitably  arranged  orifices,  are  also  widely  employed,  either  alone 
or  in  conjunction  with  radiators  or  pipes. 

The  efficiency  of  low-pressure  cast-iron  boilers,  such  as  are 
generally  used  in  central  heating  installations,  varies  widely  with 
their  design,  size,  and  manipulation,  as  well  as  with  the  fuel  used. 
Very  small  domestic  boilers,  such  as  are  used  for  supplying  hot 
water  to  taps  or  for  maintaining  a  limited  number  of  radiators, 
give  relatively  low  efficiencies,  say  30  per  cent,  to  40  per  cent,  with 
bituminous  coal  and  35  per  cent,  to  50  per  cent,  with  coke  or 
anthracite. ^^ 

The  U.S.  Bureau  of  Mines, ^^  in  tests  of  small  steam  boilers  suit- 
able for  warming  a  seven  to  eight-roomed  house,  obtained 
efficiencies  of  70  per  cent,  with  either  11,500  B.Th.U.  by-product 
coke  containing  some  4  per  cent,  of  moisture  and  15  per  cent,  of 
ash;  or  with  11,900  B.Th.U.  anthracite  containing  about  the  same 
proportions  of  moisture  and  ash.  High  volatile  Pittsburgh  coal, 
on  the  other  hand,  although  considerably  lower  in  moisture  and 
ash  and  of  calorific  value  over  13,000  B.Th.U.,  gave  only  54  per 
cent,  to  62  per  cent,  efficiency.  Coke,  which  contains  practically 
no  hydrogen,  gave  a  minimum  loss  in  steam.  The  thermal  loss 
due  to  unburned  carbon-monoxide,  however,  which  varied  from 
1  per  cent,  to  5  per  cent,  of  the  heat  of  the  fuel,  rising  in  one  case 
to  10  per  cent.,  w^as  found  to  be  as  high  with  coke  as  with  the  other 
fuels,  the  percentage  present  in  the  flue  gases  attaining  its  maxi- 
mum immediately  after  stoking.  It  was,  therefore,  suggested  that 
when  burning  coke,  part  of  the  hot  surface  of  the  fuel  bed  should 
always  be  kept  uncovered,  in  order  to  ignite  any  unburned  carbon- 
monoxide.  The  anthracite,  which  had  a  tendency  to  chip  when 
rapidly  heated,  showed  an  average  loss  of  7  per  cent,  due  to 
carbonaceous  matter  in  the  ash,  compared  with  only  2  per  cent, 
for  coke  or  bituminous  coal. 
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In  similar  tests  of  boilers  adapted  to  heat  large  buildings,^*  ^' 
with  the  furnace  conditions  so  regulated  as  to  obtain  minimum 
losses  and  produce  as  little  smoke  as  possible,  efficiencies  varying 
from  66  per  cent,  to  79  per  cent,  were  obtained  from  coke,  66  per 
cent  to  77  per  cent,  from  anthracite^  66  per  cent,  to  72  per  cent, 
from  medium  volatile  coals,  and  65  per  cent,  to  74  per  cent,  from 
high  volatile  coals.  A  half-and-half  mixture  of  coke  breeze 
and  coal  gave  efficiencies  from  57  per  cent,  to  65  per  cent.  The 
average  efficiencies  for  coke,  anthracite  and  bituminous  coal  were 
about  equal.  At  low  rates  of  combustion  coke  and  anthracite, 
which  could  be  burned  with  relatively  low  excess  air,  are  better 
than  coal,  but  at  high  rates  coal  is  better  than  coke  or  anthracite. 

Similar  values  have  been  obtained  at  the  Canadian  Department 
of  Mines  Fuel  Testing  Station^*^  in  tests  of  a  small  hot-water 
heater  designed  to  v^arm  a  house  of  eight  or  nine  rooms,  the  heat 
imparted  to  the  water  varying  from  67  per  cent,  to  76  per  cent, 
with  coke  ;  67  per  cent,  to  77  per  cent,  with  anthracite  ;  63  per  cent, 
to  67^  per  cent,  with  semi-bituminous  coal  ;  and  57^  per  cent,  to 
67  per  cent,  with  high  volatile  coal. 

Tests  of  heating  installations  described  in  the  Thirteenth  Report 
of  the  Commission  Interministerielle  d'Utilisation  de  Combustible 
showed  that  for  equal  results  15  per  cent,  to  25  per  cent,  more 
coke  than  anthracite  by  weight  was  required  ;  but  taking  into 
account  its  lower  calorific  value  coke  gave  a  slightly  higher  thermal 
efficiency  than  anthracite. 

The  good  results  obtained  by  Nicol  and  others  on  coke-fired 
boilers  in  this  country  are  well  known,  efficiencies  as  high  as 
S3  per  cent,  to  89  per  cent,  being  quoted  for  a  boiler  and 
économiser  installed  to  meet  the  requirements  of  a  London 
hospital. 

Interesting  information  has  recently  become  available  with  regard 
to  the  close  relation  between  the  sizing  of  cokes  and  their  be- 
haviour in  boiler  work.  In  tests  made  by  the  Comité  Central  des 
Cokes  de  France,  45  mm.  coke  gave  83  per  cent,  efficiency  in 
comparison  with  only  77  per  cent,  for  20/35  mm.  size,  the 
reduction  being  due  to  increased  formation  of  carbon  monoxide. 
Similar  results  were  obtained  at  the  Stockholm  gasworks, 
65/100  mm.  and  15/25  mm.  coke  giving  in  parallel  tests  efficiencies 
of  80  per  cent,  and  62  per  cent,  respectively,  the  loss  in  unburned 
products  of  combustion  rising  from  less  than  3  per  cent,  with  the 
larger  fuel  to  21   per  cent,  with  the  smaller.        Practically  no 
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difference  was  found  between  gas  and  metallurgical  coke.    Again, 
Eberlé  found  efficiencies  and  carbon  monoxide  losses  varying  from 
70  per  cent,  to  80  per  cent,  and  nil  for  60/80  mm.  coke  to  only 
50  per  cent,  to  60  per  cent,  and  10  per  cent,  for  20/40  mm.  coke. 

In  practice,  however,  boiler  performances  fall  far  short  of  those 
shown  in  test  runs,  and  Haslam  has  stated  that  the  average 
efficiency  attained  from  soUd  fuel  in  house  heating  installations 
in  the  United  States  probably  does  not  exceed  50  per  cent. 

Oil  has  many  advantages  over  solid  fuel  for  central  heating, 
particularly  in  that  it  allows  of  mechanical  control,  eliminates  the 
labour  in  stoking  and  ash  removal,  and  reduces  storage  require- 
ments. 

In  tests  of  small  scale  oil  installations  Haslam''°  obtained  effi- 
ciencies varying  from  48  per  cent,  to  69  per  cent,  for  different 
types  of  domestic  burners  and  recently  has  quoted  values  of  65  per 
cent,  to  73  per  cent.^''  Various  authorities  state  that  in  practice 
mean  values  of  60  per  cent,  are  attained  in  comparison  with 
50  per  cent,  for  solid  fuel.  In  large  boilers  efficiencies  up  to 
85  per  cent,  have,  of  course,  been  reached  with  oil  fuel. 

Of  all  fuels,  gas  gives  the  highest  all-round  efficiency  in  small- 
scale  boiler  work,  75  per  cent,  probably  representing  a  fair  mean 
and  85  per  cent,  or  more  being  reached  in  special  cases.  Further, 
it  allows  of  easy  and  rapid  regulation^  with  automatic  control,  and 
does  away  with  the  necessity  for  fuel  storage. 

Where  a  specially  low  rate  is  available  for  "off-peak"  hours, 
electricity  is  sometimes  used  in  central  heating  installations,  water 
heated  during  the  night  in  insulated  tanks  being  circulated  the 
following  day  either  through  a  radiator  system  or  through  a 
battery  of  pipes  for  air  heating.*^ 

In  America  warm-air  furnaces  are  largely  employed  and  attempts 
are  being  made  to  popularise  them  in  this  country.  In  these,  air 
drawn  either  from  outside  or  inside  the  building,  or  partly  from 
both,  is  heated  directly  by  its  passage  through  a  channel  formed 
between  the  external  surfaces  of  the  furnace  and  an  outer  casing 
and  circulated  either  by  fan  or  gravity  through  ducts  to  suitably 
arranged  orifices,  whence  it  mixes  with  the  air  of  the  rooms. 
Such  simple  installations  are  correspondingly  low  in  capital  cost  ; 
but  unpleasant  smells  may  be  caused  by  the  charring  of  dust,  etc., 
on  the  hot  furnace  casings  or  by  products  of  combustion  leaking 
into  the  heating  space.  The  air  issuing  from  inlet  gratings,  more- 
over, may,  on  account  of  its  high  temperature,  be  uncomfortable 

94 


GREAT  BRITAIN:  FUEL  FOR  DOMESTIC  PURPOSES 

or  even  harmful  to  workers  in  their  vicinity.  Comparatively  few 
tests  appear  to  have  been  carried  out  on  warm-air  furnaces;  at 
the  University  of  Illinois/^  however,  an  efficiency  of  59  per  cent, 
was  measured  with  anthracite  as  fuel,  while  in  a  pipeless  furnace 
various  fuels  gave  efficiencies  varying  from  49  per  cent,  to  65  per 
cent.  Haslam  states  that  up  to  90  per  cent,  has  been  reached  in 
gas-fired  plants. 

Hot-water  radiators  of  the  ordinary  type  convect  their  heat  mainly 
to  the  air,  radiation  being  checked  by  the  screening  action  of 
adjacent  columns  upon  one  another,  while  air  can  circulate  over 
the  entire  surface.  Long  radiators  thus  emit  relatively  less 
radiation  than  short  ones  ;  double-column  radiators  less  than  single- 
column.  Thus  Allen*^  found  that  single-column  cast-iron  radiators 
at  21 5°F.  gave  50  per  cent,  convection,  42  per  cent,  radiation;  four- 
column  ones  70  per  cent,  convection  and  30  per  cent,  radiation. 
For  wall  coils  at  the  same  temperature,  convection  and  radiation 
were  both  50  per  cent.,  while  single  horizontal  pipes  gave  40  per 
cent,  convection  and  60  per  cent,  radiation.  A  coating  of 
aluminium  or  bronze  paint  reduces  the  radiation  emitted.'*'* 

With  a  view  to  increasing  the  proportion  of  radiation  in  the  heat 
emission  from  hot  water  systems,  while  retaining  uniformity  of 
distribution,  there  have  lately  been  introduced  methods  which 
consist  essentially  in  maintaining  relatively  large  surfaces,  freely 
exposed  in  the  rooms  to  be  warmed,  at  temperatures  comparatively 
little  in  excess  of  their  surroundings.  In  the  so-called  "panel 
heating"*^  coils  of  pipes  carrying  hot  water  are  embedded  be- 
neath the  plaster,  or  set  in  the  concrete  of  ceiling  or  walls,  every 
possible  precaution  being  taken  to  prevent  leakage  troubles.  Alter- 
natively, the  floor  space  may  be  warmed  by  a  closed  system  of 
shallow  ducts,  carrying  heated  air.  It  is  generally  considered 
that  in  such  cases  the  surface  temperatures  should  not  be  allowed 
to  exceed  some  70°F.,  wall  or  ceiling  panels  usually  being  run  at 
some  90°  to  120°F.  or  more. 

A  new  type  of  hot  water  radiators  known  as  "Radiant  radiators," 
which  are  essentially  in  the  nature  of  warmed  panels,  and  consist 
simply  of  painted  metal  plates,  insulated  at  the  back  and  carrying 
hot  water  pipes,  have  also  recently  been  put  on  the  market.  The 
heat  from  the  pipes  is  spread  over  the  plates  and  a  more  or  less 
uniform  surface  temperature  attained.  "Radiant  radiators"  can 
be  fitted  either  against  walls  or  on  ceilings,  as  desired.  Alterna- 
tively, gas  or  electrically  heated  panels  may  be  employed. 
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The  direct  air  heating  effected  by  such  surfaces  as  have  been 
described  depends  upon  their  position  as  well  as  upon  their  tem- 
peratures. Radiation  and  convection  probably  contribute  in  about 
equal  part  to  the  heating  effected  by  wall  panels.  In  the  case  of 
ceiling  panels^  however,  since  the  air  which  is  warmed  by  contact 
with  the  heated  surfaces  is  already  at  the  highest  level  attainable 
in  the  room^  convection  is  not  likely  to  be  of  importance,  although 
non-uniformity  of  temperature  will  cause  local  circulation;  the 
rate  of  heat  transfer  for  any  given  surface  temperature  is  thus 
reduced  and  is  restricted  mainly  to  radiation.  This  does  not 
represent  the  whole  of  the  heat  lost  by  the  hot  water,  since  there 
will  be  conduction  to  the  floor  above,  and,  in  some  cases,  also 
leakage  of  warm  air  through  porous  ceilings. 

It  is  usually  claimed  that  low  air  temperatures  are  associated 
with  panel  heating.  Certainly,  provided  that  the  occupants  are 
not  shielded  from  it,  the  rate  at  which  energy  in  the  form  of 
radiation  must  be  introduced  into  a  room  in  order  to  create 
comfortable  conditions  of  warmth,  is  less  than  that  required  by 
methods  relying  mainly  on  air  heating  ;  for  since  the  radiation  loss 
from  the  body  is  reduced,  the  general  temperatures  required  in  the 
room  are  less.  It  is,  however,  not  practicable  to  keep  the  tem- 
perature of  a  room  very  low,  since  the  large  amount  of  radiation 
then  required  for  comfort  would  soon  increase  it. 

Vernon,**'  in  recent  experiments  was  unable  to  detect  any  "definite 
subjective  sensations  of  radiation"  from  warm  panels,  and  found 
that  a  reduction  of  less  than  1°F.  was  permissible  in  the  air 
temperature  as  compared  with  other  methods  of  distribution, 
although  the  general  temperature  of  the  walls,  ceiling  and  floor 
was  some  two  or  three  degrees  above  that  of  the  air,  while  in 
rooms  warmed  by  hot  water  radiators  or  by  the  introduction  of 
hot  air  this  difference  was  reversed.  It  seems  probable,  however, 
that  his  air  temperatures  were  slightly  over-estimated  in  the  case 
of  panel  heating  and  slightly  under-estimated  in  the  case  of  air 
heating,  owing  to  the  effects  of  radiation,  from  and  to  the  sur- 
roundings respectively,  upon  thermometers  ;  so  that  the  actual 
permissible  difference  was  two  or  three  degrees.  This  is  more 
nearly  in  agreement  with  estimates  based  upon  calculations  of  the 
variations  in  the  heat  losses  from  the  human  body  with  variation? 
in  the  temperatures  of  surrounding  air  and  surrounding  surfaces 
respectively. 

Vernon  found  a  remarkable  uniformity  in  the  air  temperature 
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of  ceiling  or  wall  heated  rooms,  the  variation  from  floor  lexel  to 
within  a  few  inches  of  the  ceiling  being  less  than  1°F.,  as  com- 
pared with  differences  of  10  or  20  degrees  for  plenum  air  or  hot 
water  systems/^  except  when  the  pipes  ran  at  low  levels,  or  the 
radiators  were  placed  near  the  floor  and  under  windows,  when  a 
more  even  distribution  was  secured. 

The  boilers  used  in  conjunction  with  panel  heating  are,  of  course, 
similar  to  those  ordinarily  used,  and  there  is  nothing  to  prevent 
panel  coils  and  sectional  radiators  being  connected  to  the  same 
mains.  The  use  of  metal  panels,  each  separately  heated  by  its 
own  gas  flame,  has  recently  been  suggested,  practically  100  per 
cent,  efficiency  being  obtainable  if  the  products  of  combustion  are 
circulated  by  means  of  a  small  fan,  and  not  allowed  to  escape 
until  cooled  down  to  air  temperature.  The  chief  difiiculty  in  such 
a  scheme  would  appear  to  be  adequate  provision  against  the  corro- 
sive action  of  the  acid  condensate  on  the  panel  walls. 

He.\ting  from  Central  Stations 

District  heating  from  large  central  stations  is  now  fairly  widely 
used  both  in  America  and  on  the  Continent^  occasionally  in  con- 
junction with  electricity  generating  stations.  Perhaps  the  best 
known  of  such  enterprises  is  the  vast  undertaking  of  the  New 
York  Steam  Corporation,  which  serves  both  business  and  resi- 
dential districts  of  New  York  ;  but  numerous  similar  installations, 
although  on  a  smaller  scale,  are  in  existence. ^^  In  this  country, 
district  heating  is  still  practically  unknown,  but  a  few  experimental 
systems  are  being  tried  out,  notably  at  Dundee,  where  over  500 
flats  are  heated  and  supplied  with  domestic  hot  water  from 
central  stations,  and  at  Manchester,  where  two  estates,  comprising 
600  and  700  houses  respectively,  receive  domestic  hot  water  only, 
one  of  the  boilers  being  run  in  connection  with  a  refuse  destructor. 
In  a  few  cases  also  the  waste  heat  from  electricity  generating 
stations  is  utilised  to  heat  large  buildings  in  their  neighbourhood. 

Hot  water  or  steam  can,  in  general,  be  produced  very  efficiently 
on  the  large  scale,  and  in  this  respect  district  heating  has  a 
considerable  advantage  over  individual  installations,  especially  as 
the  labour  costs  are  also  relatively  low.  On  the  other  hand, 
economic  distribution  of  heat  over  scattered  estates  is  not  usually 
feasible,  although  in  suitable  circumstances  heating  from  central 
stations  may  compare  favourably  in  cost  with  more  ordinary 
methods.*^  It  has  many  advantages  from  the  point  of  view  of  the 
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householder,  who  thereby  avoids  the  necessity  for  storing  fuel 
and  is  saved  both  the  work  and  dirt  associated  with  the  upkeep  of 
fires.  Further,  a  considerable  reduction  in  smoke  emission  is 
efifected  in  the  working  of  large  scale  boiler  plant  as  compared 
with  small  domestic  boilers,  and  they  are  also  able  to  utilise  lower 
grade  fuels. 

Perhaps  the  greatest  disadvantage  of  district  heating  is  the 
widespread  inconvenience  caused  by  temporary  breakdown  ; 
indeed,  some  experts  are  of  the  opinion  that  duplicate  apparatus 
should  be  available  for  emergency  use,  but  such  a  provision  would 
have  a  serious  effect  upon  capital  costs.  The  method  is  not  in 
any  case  likely  to  be  generally  adopted  in  this  country,  where  the 
open  fire  as  a  means  of  heating  is  so  firmly  established. 

Ill— EFFICIENCY  OF  COOKING  AND  HOT  WATER 
PRODUCTION 
Solid  Fuel  Ranges 

In  this  country  it  has,  until  lately,  been  the  usual  custom  to  install 
in  the  kitchens  of  houses  of  all  classes  solid  fuel  ranges  with  ovens 
at  one  or  both  sides  of  the  fire,  and  with  either  a  boiler  at  the 
back  supplying  water  to  a  cylinder  or  cistern  feeding  the  house- 
hold taps,  or  a  small  tank  at  the  side  from  which  hot  water  can  be 
drawn  directly,  or  alternatively,  with  no  boiler  at  all. 

In  some  districts  the  fires  of  such  ranges  are  enclosed,  the  upper 
surface  forming  a  hot-plate  for  the  reception  of  cooking  utensils  ; 
in  others  open  fires  are  more  common,  and  vessels  must  be  placed 
either  on  the  fuel  itself  or  on  an  adjustable  hob  provided  for 
the  purpose. 

The  development  and  wide  adoption  of  the  gas  cooker,  however, 
and  the  increased  demand  for  hot  water  which  has  accompanied 
the  general  rise  in  the  standard  of  living,  together  with  the  higher 
trend  of  fuel  prices,  have  led,  in  recent  years,  to  the  introduction 
of  numerous  innovations  in  domestic  heating  appliances.  Many 
of  these  are  simply  modifications  of  the  old-fashioned  kitchener, 
from  which  they  differ  mainly  in  their  reduced  size,  neater  appear- 
ance and  improved  control.  They  have  an  oven  at  one  or  both 
sides  and  a  boiler  behind  ;  but  the  fire,  which  is  usually  open,  is  set 
low,  and  resembles  a  modern  sitting-room  grate.  Various  indivi- 
dual features,  differing  from  grate  to  grate,  are  also  introduced. 
Again,  there  are  the  small  modern  "convertible"  ranges  which, 
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when  the  oven  is  in  use,  are  closed,  but  which,  by  raising  the  hot- 
plate, can  be  converted  into  open  grates.  In  these  ranges  the  oven 
is  usually  placed  over  the  fire,  the  door  being  made  to  resemble  a 
canopy.  Alternatively,  open  sitting-room  grates  without  ovens 
may  be  provided  with  back  boilers  of  various  designs,  or  both 
back  and  sides  of  the  grate  may  consist  of  boiler  surfaces. 

Most  newly-built  houses  are  provided  with  gas  cookers,  and  in 
many  of  them  the  clumsy  old-fashioned  kitchener  is  also  discarded 
in  favour  of  more  modern  designs  ;  but  solid  fuel  ranges  including 
an  oven  are  still  in  a  great  majority,  although  the  latter  may  be 
seldom  used  and  the  cooking  done  mainly  by  gas. 

The  multiple  capacity  of  the  kitchen  range  makes  it  almost  im- 
possible to  assign  to  it  with  any  real  meaning  an  overall  efficiency 
figure.  The  fire  may  be  supplying  still  more  heat  to  an  already 
over-heated  kitchen,  and  yet  be  required  for  hot  water  production 
or  cooking.  On  the  other  hand,  in  winter  a  continuous  fire  may 
be  necessary  for  warming  the  kitchen  whether  or  not  cooking  is  in 
progress  or  hot  water  required. 

Under  the  best  conditions,  solid  fuel  ranges  with  back  boilers, 
whether  of  old-fashioned  or  modern  design,  give  water  efficiencies 
varying  from  10  to  20  per  cent.  When  the  oven  is  in  use,  or  the 
hot  water  damper  in,  these  values  may  fall  to  5  or  10  per  cent. 

The  hot-plate,  if  fully  loaded,  may  communicate  as  much  as 
10  or  20  per  cent,  of  the  heat  of  the  fuel  burned  to  utensils  on  it  ; 
but  in  practice,  efficiencies  exceeding  10  per  cent,  are  seldom 
attained,  and  the  average  efficiency  over  a  whole  day  would  never 
approach  even  this  latter  figure.  Theis,  for  instance,  found  that 
three  ordinary  pans  of  water  on  the  hot-plate  of  a  continental 
range  absorbed  18  per  cent,  of  the  heat  of  the  coal  burned. 
Barker  obtained  corresponding  values  ranging  from  2^  per  cent,  to 
13  per  cent,  for  hot-plates  covered  with  pans  of  water  and  1  per 
cent,  for  an  open  range  loaded  to  its  full  capacity. 

The  heat  communicated  to  the  food  in  the  oven  of  solid  fuel 
ranges  for  moderate  loading  varies  up  to  about  5  or  6  per  cent. 
Marsden,  for  instance,  obtained  a  value  of  4.7  per  cent,  for  an 
oven  used  at  practically  its  maximum  capacity,  while  Barker's 
results  for  either  an  open  Yorkshire  or  closed  cottage  range  were 
about  5  per  cent. 

In  many  ranges  coke,  especially  if  of  an  easily  combustible  variety, 
can  be  substituted  with  advantage  for  coal,  but  it  may  fail  to  heat 
top-heated    ovens    satisfactorily.     In    ordinary    kitcheners    the 
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transfer  of  heat  to  the  oven  is  not  brought  about  so  much  by 
direct  exposure  to  radiation  from  the  firebed  as  by  contact  with 
the  flames  and  hot  gases  in  their  passage  around  its  exterior 
surfaces,  by  way  of  the  oven  flues,  on  their  way  into  the  main 
flue  at  the  back  of  the  fire.  If  the  range  is  well  constructed  and 
reasonably  air-tight,  so  that  little  air  has  access  to  the  fire  or  to  the 
flues  except  through  the  firebars,  coke,  although  flameless,  should 
heat  the  oven  without  difficulty^  and  the  majority  of  the  specially 
designed  ranges  for  use  with  anthracite  or  coke  are,  as  a  matter  of 
fact,  of  the  closed  type.  But,  as  a  rule,  the  construction  of 
ordinary  kitcheners  is  very  rough,  and  there  is  so  much  inleakage 
of  cold  air  around  the  loose  rings  in  the  hot-plate,  the  cleaning 
rings,  etc.,  that  through  admixture  with  it  the  hot  products  of 
combustion  become  chilled  and  cannot  effectively  heat  the  oven. 
When  coal  is  burned,  excess  air  is  drawn  directly  into  the  flues 
just  the  same,  but  since  the  flames  produced  by  the  combustion  of 
volatile  products  extend  for  a  considerable  distance,  the  intense 
heating  effect  brought  about  by  their  direct  contact  with  the  oven 
surfaces  allows  the  latter  to  be  heated  rapidly  to  any  desired 
degree.  Better  construction  of  the  range  would,  of  course,  result 
in  reduced  consumption  whatever  the  fuel  used. 
Cold  air  leaking  into  the  boiler  flues  may  similarly  prevent  coke 
from  acting  satisfactorily  in  regard  to  hot  water  production  in 
closed  kitcheners,  or  diminish  the  efficiency  of  coal  for  the  same 
purpose.  Apart  from  this,  the  comparative  behaviour  of  the  two 
fuels  depends  upon  the  relative  positions  of  the  fire,  the  boiler  flue 
and  the  boiler,  and  upon  the  shape  of  the  boiler  surfaces.  Thus, 
gas  coke  may  sometimes  be  found  a  more:  and  sometimes  a  less 
effective  fuel  than  coal.  As  a  rule,  if  the  fire  can  be  heaped  up 
well  around  the  entrance  to  the  boiler  flue,  so  that  any  entering 
air  is  pre-heated  by  passage  through  an  incandescent  layer  of  fuel, 
and  if  the  boiler  is  not  too  far  back,  or  can  have  the  burning  fuel 
pushed  under  its  lower  surface,  little  difficulty  should  be  experi- 
enced in  maintaining  a  good  supply  of  hot  water  from  coke  fires. 
Tests  made  by  the  writer^^  on  the  back  boiler  of  a  Yorkshire 
range  showed  efficiencies  of  17  per  cent,  for  bituminous  coal  and 
21  per  cent,  for  low-temperature  coke.  During  these  experiments 
the  oven  damper  was  pushed  in,  the  water  being  run  off  as  soon  as 
it  reached  a  temperature  suitable  for  domestic  use,  no  allowance 
being  made  for  the  small  test  taken  from  the  cylinder.  The  work 
in  progress  at  the  Fuel  Research  Station  includes  an  investigation 
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into  the  principles  underlying  the  satisfactory  behaviour  of  coke  in 
kitchen  ranges. 

Independent  boilers,  where  the  fire  is  more  or  less  completely 
surrounded  by  the  boiler  surfaces,  give  vi^ater-heating  efficiencies 
of  40  per  cent,  to  50  per  cent,  with  moderately  dry  coke  or 
30  per  cent,  to  45  per  cent,  with  bituminous  coal.^^  Among  the 
most  interesting  recent  developments  are  the  modified  designs  of 
such  boilers  in  which  a  flat  top  provides  limited  hot-plate  accommo- 
dation, while  doors  at  the  front  of  the  fire  allow  of  a  small  area 
of  incandescent  fuel  being  exposed  when  a  radiating  surface  is 
required  for  reasons  of  warmth.  One  or  two  hot-water  radiators, 
in  addition  to  the  domestic  hot  water  supply,  may  be  maintained 
from  such  appliances,  and  in  some  designs  an  oven  is  included. 
Many  of  them  are  of  a  neat  and  simple  appearance,  which  allows 
of  their  introduction  into  the  kitchen  or  living  room  and  the  small 
sizes  can  be  maintained  on  a  very  low  fuel  consumption,  coke 
being  more  convenient  than  coal.  For  high  overall  efficiency  no 
other  ranges  on  the  market  are  to  be  compared  with  them. 

Gas  and  Electric  Cookers 

Gas  or  electric  cookers  are  far  more  efficient  than  coal-fired 
ranges.  The  heat  utilised  in  the  oven  varies  over  wide  limits 
according  to  the  conditions  of  use  and  the  construction  of  the 
cooker,  but  fair  averages  for  well  loaded  ovens  of  good  design 
appear  to  be  about  35  per  cent,  for  gas^  70  per  cent,  for  electricity. 
Barker^^  obtained  26  per  cent,  to  38  per  cent,  for  gas  ovens, 
while  Marsden  gives  corresponding  values  of  17  per  cent,  to 
39  per  cent.,  and  66  per  cent,  to  79  per  cent,  for  an  electric  oven. 

For  hot-plate  work,  thermal  efficiencies  from  40  to  55  per  cent, 
can  be  obtained  from  the  better  types  of  commercial  gas  rings. 
Their  performance  is  usually  a  function  of  the  distance  between 
the  burner  and  the  cooking  utensil,  rising  to  a  maximum  as  this 
distance  is  decreased,  but  falling  again  after  a  certain  point  when 
smothering  of  the  flame  occurs.  If  a  cooking  vessel  is  placed  too 
low  over  a  gas  ring,  however,  carbon-monoxide  may  be  produced 
in  objectionable  quantities  before  the  maximum  thermal  effi- 
ciency is  reached;  hence  careful  adjustment  is  necessary  if  no 
flue  is  provided.''^'  ''■'■  ""'^ 

The  results  of  numerous  tests  of  electrical  hot  plates  show  effi- 
ciencies usually  varying  from  about  30  to  60  per  cent.  Generally 
speaking,  the  radiant  or  open  t}pe  is  more  suitable  for  intermittent 
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work  than  the  closed  type,  on  account  of  its  lower  heat  capacit\-  ; 
but  closed  hot-plates  may  give  high  efficiencies  in  continuous  use. 
Self-contained  vessels,  in  which  there  are  practically  no  heat  losses 
other  than  those  from  exterior  surfaces,  give  efficiencies  of  90  per 
cent,  or  more  for  boiling  purposes.--'  '^^'  '''■  "^^ 

For  domestic  hot  water  supply,  efficiencies  of  75  per  cent,  can  be 
obtained  from  gas  circulators  or  80  per  cent,  from  geysers,  while 
electrical  immersion  heaters  give  nearly  100  per  cent,  efficiency 

Comparative   Thermal   Expenditure   in   Cooking    Meals    by 
Different  Methods 

Since  actual  efficienc}"  figures  are  so  difficult  to  apply  in  the  case 
of  cooking  appliances,  several  investigators  have  made  careful 
determinations  of  the  relative  thermal  consumption  required  in 
solid  fuel,  gas,  paraffin  oil,  or  electricity  for  cooking  identical 
meals. ^'' ^^'^^  The  results  of  the  different  experiments  are  reason- 
abh'  concordant  and  show  that  gas  or  paraffin  oil  can  cook  a  meal 
for  say,  five  or  six  persons,  on  one-fifth  the  thermal  consumption 
required  with  coal;  electricity  on  one-thirteenth  the  thermal  con- 
sumption required  with  coal.  Such  comparisons  take  no  account 
of  the  fact  that  solid  fuel  ranges  may  also  be  usefully  employed 
in  producing  hot  water  and  warming  the  kitchen. 


IV— RUNNING  COSTS  AND  FUEL  EXPENDITURE  OF 

HEATING  APPLIANCES 
Introduction 

Since  the  relative  costs  of  potential  heat  units  in  coal  at  45/-  per 
ton,  gas  at  lOd.  a  therm  and  electricity  at  Id.  a  Board  of  Trade 
unit  are  1  :  5.6  :  16  (see  earlier),  it  is  evident  that  for  equal  running 
costs  in  continuous  use  gas  appliances  must  be  5.6  times,  electric 
appliances  16  times,  as  efficient  as  their  solid  fuel  counterparts. 
Whether  such  a  condition  can  be  fulfilled  in  practice,  of  course, 
depends  upon  the  circumstances.  In  many  cases  it  is_,  indeed,  not 
feasible  to  arrive  at  precise  comparisons  except  for  specified 
requirements  since  the  order  of  merit  of  dift'erent  tvpes  of 
apparatus  varies  with  the  nature  of  the  demands  made  upon  them. 
Thus,  judged  upon  the  cooking  eft'ected  alone,  gas  for  oven  heating 

102 


GREAT  BRITAIN:  FUEL  FOR  DOMESTIC  PURPOSES 

purposes  is  cheaper  than  soHd  fuel;  but  if  the  water  heating-  and 
room  warming  capacity  of  soHd  fuel  ranges  are  also  taken  into 
account  the  position  may  be  reversed.  Again,  owing  to  the 
essential  dissimilarity  between  radiation  heating  and  convection 
heating,  their  relative  costs  for  warming  a  room  depend  upon  its 
size,  the  number  of  its  occupants  and  the  periodicity  of  its  use. 
A  small  open  fire  may  be  able  to  create  comfortable  conditions 
over  a  limited  area  on  a  fuel  consumption  far  below  that  which 
would  be  required  for  the  uniform  warming  of  a  large  room;  on 
the  other  hand,  should  the  greater  proportion  of  the  floor  space  be 
filled,  convection  heating  may  become  a  cheaper  method  than 
radiation  heating.  Thus,  strictl}'  speaking,  general  comparisons 
can  be  obtained  only  for  systems  of  similar  type^  although  the 
relative  merits  of  different  systems  can  be  assigned  fairly  correctly 
for  given  requirements.  It  does  not,  of  course,  necessarily  follow 
that  the  fuel  which  costs  the  consumer  least  for  any  purpose  will 
be  the  one  entailing  a  minimum  initial  coal  consumption.  As  has 
already  been  stated,  the  thermal  efficiency  of  the  production  of 
gas  from  coal  is  about  50  per  cent.,  that  of  the  generation  of 
electricity  13  per  cent.,  thus,  providing  that  gas  appliances  are 
not  less  than  twice,  electric  appliances  not  less  than  eight  times, 
as  efficient  as  their  coal-fired  substitutes,  no  waste  of  the  country's 
coal  reserves  will  be  entailed  by  their  adoption.  This  translated 
into  terms  of  costs  means  that  until  gas  at  lOd.  a  therm  costs 
more  than  about  three  times  electricity  at  Id.  a  unit  or  more  than 
about  twice  as  much  coal  at  45/-  a  ton,  its  use  will  involve  a 
lesser  initial  coal  consumption. 

Again,  the  results  obtained  from  any  heating  installation  are 
closely  related  to  the  structural  features  of  a  building.  In  this 
connection,  a  point  of  considerable  significance  which  is  seldom 
appreciated,  is  that  the  surface  temperatures  of  the  walls  of  a 
room  are  affected  by  meteorological  conditions.  For  any  given 
inside  air  temperature,  the  colder,  wetter  or  windier  the  weather, 
the  colder  will  be  the  inside  surfaces  of  structures  exposed  to  it, 
particularl}-  if  they  are  poor  insulators,  such  as  single  glass 
windows.  Hence,  in  very  severe  weather,  not  only  is  an  increased 
expenditure  of  energy  necessary  to  maintain  any  specified  air 
temperature,  but  also  higher  air  temperatures  are  required  for 
comfort,  especially  near  windows  or  in  buildings  with  thin  walls. 
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Radiation  He.'^^ting 

In  providing  for  the  warming  of  extensive  premises  such,  for 
instance,  as  offices,  workshops  or  factories,  open  fires  are,  as  a 
rule,  out  of  the  question,  on  account  of  the  non-uniform  distribu- 
tion of  the  radiation  which  they  emit  ;  but  in  temperate  cHmates 
they  can  conveniently  be  employed  in  buildings  where  only  a 
limited  number  of  small  rooms  are  in  use. 

With  gas  or  electricity  as  heating  agent,  open  fires  entail  no 
labour  in  upkeep  and  can  without  any  difficulty  be  suitably  regu- 
lated to  meet  rapidly  changing  requirements.  Coal  or  coke  fires, 
on  the  other  hand,  are  dirty  and  troublesome,  and  are  inherently 
defective  in  that  they  burn  up  slowly  and  therefore  fail  to  provide 
sufficient  radiation  in  the  period  immediately  following  lighting, 
when,  since  the  room  as  a  whole  is  still  cold,  it  is  most  needed. 
Once  well  alight,  however,  they  are  fairly  flexible,  provided  that 
suitable  draught  regulation  is  available. 

Taking  the  mean  radiation  efficiency  of  modern  gas  fires  as  45  per 
cent.  ;  of  open  fires  burning  under  normal  conditions  as  20  per 
cent,  for  bituminous  coal,  25  per  cent,  for  coke;  and  of  high 
temperature  electric  radiators  as  75  per  cent.  ;  the  comparative 
fuel  costs  for  equivalent  radiation  emission  become  coal  1,  coke  0.8, 
gas  2.5,  electricity  4.3.  Solid  fuels,  and  especially  coke,  are  thus 
much  cheaper  than  gas,  gas  much  cheaper  than  electricit}'.  The 
superiority  of  coke  in  this  respect  may  not  be  maintained  in  poor 
qualities,  especially  those  retaining  high  proportions  of  water 
after  quenching,  which  not  only  reduces  their  thermal  value  but 
makes  them  more  difficult  to  light  and  decreases  the  radiation 
efficiency  obtainable. 

So  simple  a  basis  of  comparison  as  the  above  is  not  strictly 
justifiable  even  for  continuous  running,  and  in  particular  some- 
what exaggerates  the  true  relative  cost  of  electric  heaters,  for 
these  warm  up  a  room  comparatively  quickly  and  in  consequence 
a  reduced  intensity  of  radiation  suffices  for  comfort  at  any  stage. 
This  is  not  on  account  of  the  higher  proportion  of  convection 
obtained,  which  is  more  or  less  negatived  by  the  low  overall  con- 
sumption required  to  produce  a  given  radiation  value,  but  to  the 
low  rates  of  ventilation  associated  with  flueless  heaters. 

The  many  indirect  advantages  of  gas  or  electricity  over  solid 
fuel,  which  include  their  cleanliness,  adaptability  and  convenience, 
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have  proved  important  factors  in  their  development,  while  for 
intermittent  use  even  their  disabiHty  in  regard  to  cost  may  dis- 
appear. Thus,  assuming  that  a  room  is  actually  occupied  only  for 
four  hours,  made  up  of  short  periods  extending  over  a  sixteen- 
hour  day,  and  taking  no  account  either  of  the  fact  that  coal  fires 
are  usually  damped  down  when  a  room  is  unoccupied  for  any 
length  of  time^  or  that  somewhat  increased  intensities  of  radiation 
are  required  in  intermittent  heating  owing  to  the  relatively  low 
temperature  prevailing;  the  costs  quoted  above  for  gas  or  elec- 
tricity, as  compared  with  solid  fuel,  must  be  divided  by  four.  In 
such  circumstances  gas  costs  only  about  one  half  as  much  as  coal 
used  in  its  raw  state,  and  involves  only  about  one  quarter  the 
initial  coal  consumption.  Electricity  costs  about  the  same  as  coal, 
and  is  produced  on  one  half  the  consumption  required  with  the 
raw  fuel.  In  very  severe  weather,  however,  such  intermittent 
heating  may  not  be  a  success,  since  the  occupants  of  the  room,  in 
their  endeavour  to  counterbalance  the  sensation  of  chilliness  in- 
duced by  the  cold  walls,  are  tempted  to  approach  so  closely  to  the 
fire  that  their  limbs  are  scorched. 

General  Room  Heating 

In  whatever  form  energy  is  delivered  to  a  room,  it  serves  ulti- 
mately to  warm  the  air,  furniture,  and  structure  generally.  Thus, 
even  an  open  fire  below  a  flue,  if  in  continuous  operation  for  a 
sufficient  time^  w^ould  so  raise  the  temperature  of  its  surroundings 
that  direct  radiation  would  no  longer  be  necessary  for  comfort, 
although  such  an  end  would,  of  course,  be  attained  at  less  cost  by 
other  and  more  efficient  methods.  In  the  following  table,  how- 
ever, which  gives  the  costs  (again  with  coal  at  45/-,  coke  at  40/-, 
anthracite  at  75/-,  oil  at  95/-  a  ton;  paraffin  oil  at  1/-  a  gallon; 
gas  at  lOd.  a  therm,  and  electricity  at  Id.  a  unit)  of  Hberating 
in  a  room  by  different  methods  equal  quantities  of  heat,  irrespec- 
tive of  the  relative  proportions  in  which  radiation  and  convection 
contribute  to  the  total,  open  fires  have  not  been  included.  For 
when  the  occupants  are  exposed  to  direct  radiation,  it  is  not 
necessary  to  bring  a  room  to  so  high  a  general  level  of  tempera- 
ture as  is  required  with  non-radiating  appliances,  and  it  is,  there- 
fore, unfair  to  assess  the  relative  costs  of  air  heating  and  radia- 
tion heating  on  the  basis  of  equal  heat  production. 
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TABLE  II. 

RELATIVE   COSTS    OF   EQUIVALENT   HEAT    PRODUCTION    (CENTRAL 


HEATING   BY 

SOLID   FUEL=1) 

Method. 

Central  heating — 

Assumed  overall 
efficiency. 

Coal 

50  pei 

cent. 

Coke        

50 

Oil          

60 

,, 

Gas 

75 

,, 

Stoves  with  flues — 

Coal 

50 

,, 

Coke       

55 

,, 

Anthracite 

60 

,, 

Gas 

75 

,, 

Flueless  stoves — 

Paraffin  oil 

100 

Gas         

100 

., 

Electricity 

100 

,, 

Relative 
cost. 


1.0 
1.0 
1.3 
3.7 

1.0 
0.9 
1.3 

3.7 

2.2 

2.8 
8.0 

It  will  be  seen  that  for  equivalent  heat  production,  for  example, 
in  maintaining  a  room  constantl}-  at  a  given  temperature-excess 
above  its  surroundings,  no  S}stem  compares  in  low  running  cost 
with  central  heating  by  coal  or  coke^  or  separate  closed  coal  or 
coke  stoves.  In  comparison,  central  heating  from  oil-fired  boilers 
costs  1.3  times,  from  gas-fired  boilers  3.7  times  as  much;  separate 
flueless  gas  heaters  or  electric  heaters  respectively  2.8  times  and 
8  times  as  much. 

Such  a  crude  method  of  comparison  as  the  above,  which  makes 
no  attempt  to  discriminate  between  one  system  and  another  except 
in  regard  to  their  total  energy  output,  must  be  used  with  discretion, 
but  it  serves  as  a  useful  starting  point  from  which  to  arrive  at 
comparisons  suitably  modified  to  meet  the  circumstances  of 
specific  cases,  and  taking  fuller  account  of  the  various  advantages 
and  disadvantages  of  rival  systems.  Thus,  the  saving  to  be 
effected  by  the  application  of  mechanical  control  to  oil  or  gas-fired 
boiler  deducts  substantially  from  their  costs  as  estimated  on 
continuous  running. 

It  is,  indeed,  sometimes  asserted  that  the  substitution  of  oil  for 
solid  fuel  in  central  heating  allow^s  of  an  actual  reduction  in  fuel 
costs,  but  such  claims  could  probably  seldom  be  upheld.  The 
chief  merits  of  oil  and  gas  installations  lie  in  their  automatic 
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action  and  cleanliness  and  their  consequent  low  labour  require- 
ments, although  intermittent  working  does,  of  course,  minimise 
fuel  consumption  ;  reduction  in  storage  space  required  for  oil,  and 
its  elimination  in  the  case  of  gas,  may  also  be  of  importance.  It 
is  to  be  inferred  from  the  growing  use  of  both,  that,  everything 
taken  into  account,  advantages  may  in  some  circumstances  out- 
weigh disadvantages.  The  widespread  use  of  bituminous  coal 
has  created  a  serious  smoke  nuisance  in  this  country.  Hence  the 
desirability  of  substituting  smokeless  fuels  of  some  kind  where 
new  installations  are  contemplated  or  in  equipping  new  buildings, 
the  possibilities  of  oil  or  gas  should  be  seriously  considered; 
alternatively  coke-fired  boilers  should  be  installed.  In  boilers 
designed  for  use  with  coal,  however,  the  reduction  in  capacity 
entailed  by  the  change  over  to  so  bulky  a  fuel  as  coke  may  cause 
trouble. 

It  is  an  important  condition  of  economical  heating  that  uniform 
conditions  should  be  produced.  Otherwise,  in  order  to  keep  some 
rooms,  or  some  parts  of  a  room,  comfortably  warm,  the  over- 
heating of  others  may  be  unavoidable,  with  consequent  wastage  of 
fuel.  Unsuitable  distribution  of  radiators  or  pipes,  or  methods 
which  entail  excessive  heating  of  the  air  in  the  upper  parts  of  a 
room,  thus  are  associated  with  relatively  high  fuel  consumption, 
apart  from  any  questions  as  to  the  actual  efficiency  of  heat  produc- 
tion. For  this  reason,  as  well  as  on  account  of  their  radiation 
emission,  panel  systems  of  heating  should  show  a  slight  saving 
over  ordinary  central  heating  systems  maintained  from  boilers 
working  at  similar  efficiencies,  and  practical  experience  appears  to 
confirm  this   expectation. 

Costs  of  Hot  Water  Production 

Hot  water  requirements  on  the  large  scale  can  be  easily  and 
cheaply  provided  for  either  by  separate  boilers  or  by  calorifiers 
run  in  conjunction  with  a  central  heating  plant.  Small  indepen- 
dent boilers  are  also  available  for  domestic  hot  water  supply  and 
may  or  may  not  be  connected  up  to  a  limited  number  of  radiators. 
Coke  at  40/-  a  ton  in  such  appliances  for  equal  hot  water  produc- 
tion costs  about  one-third  as  much  as  gas  at  lOd.  a  therm  used 
in  circulators  or  geysers,  or  about  one-seventh  as  much  as  elec- 
tricity at  Id.  a  unit  in  immersion  heaters.  The  effective  coal 
consumption  involved  is  much  the  same  whether  solid  fuel  is 
burned  directly  or  is  first  converted  into  gas;  but  it  is  trebled  by 
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the  use  of  electricity.  Even  the  ordinary  back  boilers  of  kitchen 
ranges,  although  their  capacity  is  somewhat  limited,  can  maintain 
a  continuous  supply  of  hot  water  at  about  the  same  cost  as  gas; 
but  the  effective  fuel  consumption  is  in  this  case  reduced  to  one- 
half  by  the  use  of  gas.  Electricity  costs  more  than  twice  as  much 
as  range  boilers  heated  by  solid  fuel,  but  involves  only  about  the 
same  initial  fuel  consumption. 

Notwithstanding  its  higher  running  cost  for  continuous  supply, 
there  are  many  instances  in  which^  all  things  considered,  gas  for 
water  heating,  particularly  where  the  demand  is  intermittent,  may 
prove  more  economical  than  solid  fuel,  since  storage  losses  are 
thereby  eliminated  and  the  necessity  for  attendance  avoided.  Hence 
gas  is  suitable  for  supplying  the  taps  in  cloakrooms,  etc.,  or  as  a 
substitute  for  back  boilers  in  summer.  Electricity  at  Id.  a  unit 
is  too  expensive  for  water  heating  except  in  special  cases,  or  for 
"topping  up"  a  water  supply  warmed  by  other  methods  ;  but  at 
less  than  ^d.  a  unit  it  is  comparable  in  cost  with  gas. 

Costs  of  Cooking 
It  is  not  possible  to  arrive  at  the  exact  relative  costs  of  cooking 
by  alternative  methods,  even  if  the  water  heating  and  room 
warming  capacity  of  solid  fuel  ranges  is  left  out  of  the  question, 
for  the  comparison  depends  upon  both  the  nature  of  the  meal  to 
be  prepared  and  the  relative  extent  to  which  oven  and  hot-plate 
are  used.  On  the  basis  of  thermal  consumptions  in  the  ratio  of 
1  :  0.2  :  0.08  for  coal,  gas,  and  electricity  respectively,  however, 
as  determined  by  practical  cooking  experiments  (see  earlier),  the 
costs  of  the  three  methods  are  all  about  the  same.  Thus  coal 
would  be  saved  by  the  substitution  of  either  gas  or  electricity  for 
the  solid  fuel  range.  This  probably  expresses  the  truth  fairly 
closely  for  the  cooking  of  meals  where  both  oven  and  hot-plate 
are  in  use.  Gas  cookers,  however,  are  largely  used  for  occasional 
boiling  purposes,  and  for  such  hot-plate  work  alone  gas  would  be 
cheaper  than  either  coal  or  electricity.  Indeed,  since,  according  to 
the  Standardisation  Committee  of  the  National  Gas  Council,  the 
hot-plate  accounts  for  80  per  cent,  of  the  total  consumption  in  a 
cooker,  gas  should  retain  an  advantage  over  electricity  for  all- 
round  use. 

The  Equipment  of  a  House 

The  general  problem  of  domestic  fuel  consumption  is  a  far  more 
difficult  and  complicated  one  than  that  of  merely  providing  mos: 
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economically  for  a  single  service  such  as  cooking  a  meal.  Rich 
and  poor  alike  need  fuel  for  the  threefold  purpose  of  warming 
their  dwelling  places,  cooking  food  and  providing  hot  water  for 
personal,  and  domestic  cleaning,  purposes.  Sometimes  one  of 
these  three  services  is  the  most  important,  sometimes  another, 
according  to  the  season  and  the  particular  circumstances  ;  but  it 
is  seldom  in  any  household  that  heat  is  not  required  for  one  reason 
or  another.  In  summer,  for  instance,  fires  are  not  as  a  rule 
necessary  for  providing  warmth,  but  cooking  operations  must  still 
be  carried  out,  and  hot  water  is  generally  in  demand  both  for 
baths  and  domestic  washing  and  cleaning  purposes.  On  the 
other  hand,  in  winter,  fires  must  be  maintained  continuously  for 
warming  the  house,  or  living  room,  whether  or  not  cooking  may 
be  in  progress  or  hot  water  needed.  Some  famihes  also  are 
accustomed  to  use  far  more  hot  water  per  head  than  others,  whilst 
some  have  relatively  heavy  cooking  requirements  and  others  like 
to  keep  their  houses  very  warm.  This  uncertainty  in  the  seasonal 
or  in  the  personal  demand  for  fuel  makes  it  quite  impracticable 
to  lay  down  any  very  specific  general  recommendations  as  to  the 
types  of  heating  or  cooking  appliances  which  should  be  used  in 
order  to  obtain  the  "best"  results,  for  the  most  suitable  equipment 
varies   with    the    requirements. 

In  large  buildings  the  obvious  method  of  heating  is  by  some 
central  system,  which  in  the  case  of  private  residences  would 
usually  be  supplemented  by  open  fires.  For  famiUes  with  limited 
incomes,  comfort  must  be  to  some  extent  subservient  to  economy, 
and  although  central  heating  is  cheap  in  relation  to  the  effect 
produced,  the  warming  of  a  house  throughout,  even  only  to  a 
limited  degree,  would  in  general  prove  more  expensive  than  the 
warming  of  one  or  two  rooms  only,  even  by  inefficient  methods. 
The  problem  of  domestic  heat  production  may  thus  range  from 
the  selection  of  equipment  of  the  highest  possible  efficiency  and 
convenience  for  the  satisfaction  of  perhaps  somewhat  exagger- 
ated needs,  to  the  provision  for  minimum  requirements  at  the 
lowest  possible  cost. 

Low  Dem.\nd  for  Hot  Water  and  Cooking 

A  small  working-class  family  with  only  moderate  demands  for 
hot  water  and  cooking  still  need  an  open  fire  for  various  incidental 
purposes  except  in  very  hot  weather;  indeed,  they  cannot  easily 
even  then  do  without  a  fire  altogether.     In  such  cases  an  open 
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sitting-room  grate  with  back  boiler  in  the  living  room,  and  a  gas 
or  electric  cooker,  form  a  cheap  and  convenient  combination.  An 
advantage  of  such  an  installation  is  that  it  can  be  kept  going  on  a 
very  small  consumption  when  desired.  On  a  consumption  of 
1  cwt.  of  coal  a  week  the  back  boiler  would^  at  10  per  cent, 
efficiency,  heat  28  gallons  of  water  from  50° F.  to  130°F. — prob- 
ably sufficient  for  the  needs — while  the  use  of  the  open  fire  for 
boiling  pans  and  kettles  would  reduce  to  a  minimum  the  gas 
required  for  cooking.  The  fuel  saved  on  the  open  grate  as  com- 
pared with  an  ordinary  kitchener  should  thus  easily  pay  for  the 
gas  burned  ;  and  there  would  be  a  reduction  in  eft'ective  coal 
consumption.  An  all-gas  installation  would  cost  considerably 
more  to  run,  for  although  it  would  heat  the  same  quantity  of  water 
at  one-half  the  cost  the  difference  would  not  be  enough  to  pay 
for  a  gas  fire  in  cold  weather.  All  electricity  would  be  out  of 
the  question.  If  the  cooking  load,  although  light,  were  fairly  steady, 
a  small  modern  range  with  an  open  fire  but  including  an  oven 
might  be  a  little  cheaper  to  run  ;  but  it  would  be  more  troublesome, 
and  would  entail  a  somewhat  increased  effective  coal  consumption. 

Heavy  Hot  Water  Demand,  Low  Cooking  Demand 

Where  the  hot  water  load  is  heavy  but  the  cooking"  load  light, 
nothing  can  compare  with  a  coke-fired  boiler  run  in  conjunction 
with  a  gas  cooker,  which,  in  comparison  w^ith  the  old-fashioned 
kitchener,  will  save  both  fuel  and  monew  The  boiler  should  be 
of  a  type  which  can  be  used  with  an  open  fire  to  warm  the  kitchen 
in  wànter  ;  even  so,  the  kitchen  may  be  chilly  in  very  cold  weather, 
but  on  the  other  hand,  it  can  be  kept  cool  in  summer. 

Heavy  Hot  Water  Demand,  Heavy  Cooking  Demand 

H  both  hot  water  and  cooking  loads  are  heavy  it  may  become 
expensive  to  use  a  separate  coke-fired  boiler  and  gas  oven,  since 
for  a  continuous  heavy  load  a  solid  fuel  range  can  cook  as 
cheaply  as  gas,  and  produces  considerable  quantities  of  hot  water 
in  addition.  In  such  a  case,  a  range  based  upon  independent 
boiler  design,  but  including  an  oven,  is  more  efficient  than  an 
ordinary  kitchener,  but  such  an  arrangement  tends  to  make  the 
kitchen  very  hot  in  summer.  It  is  also  likely  to  entail  a  higher 
effective  coal  consumption  than  an  independent  boiler  and  a  gas 
cooker. 

Whatever  the  kitchen  equipment,  continuously  occupied  sitting- 
rooms  should  be  warmed  by  open  coke  fires  ;  intermittently  used 
110 


GREAT  BRITAIN:  FUEL  FOR  DOMESTIC  PURPOSES 

rooms  bv  gas  fires;  eitlier  alone  or  in  conjunction  with  central 
heating. 

Probable  Future  Developments 

The  general  trend  in  domestic  heat  production  in  this  country 
is  the  partial  substitution  of  gas  for  coal,  and  the  replacement  of 
coal  by  coke  where  a  solid  fuel  must,  for  reasons  of  economy,  be 
retained.  The  most  pronounced  developments  during  recent  years 
have  been  : — ■ 

(  a)   The  use  of  gas  (and  to  a  much  smaller  degree,  of  electricity) 

for  cooking. 
(  h  )   The  use  of  gas  (  and  to  a  much  smaller  degree,  of  electricit}) 

for  intermittent  heating. 
(  c)  The  use  of  coke-fired  boilers  for  hot  water  production. 
(  d)  The  use  of  gas  for  intermittent  water  heating. 
(e)  The  central  heating  of  large  houses  or  large  buildings,  either 

alone,  or  in  conjunction  with  open  fires. 
(/)  The   replacement  of  old-fashioned  kitcheners  by  smaller, 

better  controlled,  ranges. 
ig)   The   provision   of   better  draught   control   in   sitting-room 
grates. 

Dugald  Clerk,  in  1919,  gave  as  the  probable  division  of  coal  gas 
in  the  United  Kingdom,  heat  55  per  cent.,  light  35  per  cent., 
motive  power  10  per  cent.  Further,  it  has  been  computed  from 
recent  Board  of  Trade  returns  that  as  much  as  one-third  of  the 
total  receipts  for  town's  gas  are  derived  from  prepayment  meters 
alone,  in  small  houses,  hotel  bedrooms,  etc.  It  may  thus  reason- 
ably be  inferred  that  at  least  half  the  gas  sold  is  used  for  domestic 
heating  and  cooking  purposes,  that  is,  a  quantity  involving  the 
carbonisation  annually  of  9  million  tons  of  coal,  or  representing 
a  net  consumption  of  4  million  tons  after  allowing  for  coke  and 
tar.  Xo  accurate  figures  are  available  to  show  the  distribution 
of  the  coke,  but  probably  about  one-third  of  it,  or  2  million  tons 
annually,  is  used  for  non-industrial  purposes,  including  the 
warming  of  churches,  schools,  factories,  offices,  etc. 

Of  the  electricity  sold  in  1926  only  about  22  per  cent.,  or  an 
amount  involving  the  combustion  of  about  2  million  tons  of  coal, 
was  used  for  domestic  purposes,  including  lighting  ;  and  although 
the  rate  of  development  in  this  field  is  relatively  high,  it  may  be 
concluded   that,   as   yet,   electricit}^   finds   only   a   very   restricted 
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outlet  for  cooking  and  heating  purposes.  This  is  a  natural 
position,  for  at  the  present  low  efficiencies  of  generation  the  use 
of  electricity  for  heat  production,  notwithstanding  the  relatively 
high  efficiency  of  the  appliances  in  which  it  is  used,  practically 
alwa\-s  entails  a  relatively  high  expenditure  both  to  the  consumer 
and  in  initial  coal  consumption.  In  some  cases,  however,  special 
facilities  are  offered  to  domestic  consumers,  on  the  grounds  that 
the  demand  is  hkely  to  be  well  distributed,  and  thus  will  help  to 
improve  the  load  factor  {i.e.,  the  ratio  of  the  electrical  energy 
actually  produced  to  the  maximum  production  at  full  load).  In 
other  cases,  prices  may  be  reduced  during  certain  specified  hours 
(i.e.,  during  hours  of  minimum  load),  or  a  shding  scale  may 
allow  of  the  large  consumer  being  granted  specially  low  rates. 

Further,  with  a  view  to  making  electricity  generally  available  at 
the  lowest  possible  prices,  the  undertakings  of  the  country  have 
for  the  past  seven  years  been  undergoing  a  gradual  process  of 
reorganisation  at  the  hands  of  the  Electricity  Commissioners,  who 
were  appointed  on  the  recommendation  of  the  Coal  Conservation 
Committee;  and  the  Central  Electricity  Board,  whose  establish- 
ment followed  the  enactment  of  the  much  discussed  Electricity 
(Supply)  Act  in  1926,  has  as  its  primary  object  the  securing  of 
"the  eventual  concentration  of  generation  in  a  limited  number  of 
interconnected  stations  operating  under   unified  control." 

By  the  development  of  such  a  national  scheme  of  transmission  it 
is  hoped  gradually  to  increase  substantially  the  average  efficiency 
of  electricity  production.  As  Sir  John  Snell  remarked  in  his 
sectional  address  to  the  British  Association  in  1926,  "when  one 
remembers  that  the  annual  capital  charges  on  a  generating  station 
represent  some  two-fifths  of  the  total  cost  of  generation,  it  will 
be  seen  how  important  it  is  to  obtain  the  greatest  use  of  the 
plants  installed.  The  average  yearly  load  factor  (on  units  sold 
by  undertakings)  throughout  Great  Britain  to-day  is  under  25  per 
cent. — that  is  to  say,  the  aggregate  kilowatts  required  to  meet  the 
individual  demands  for  hundreds  of  systems  only  produce  one- 
quarter  of  the  units  possible  were  the  plant  working  continuously." 
It  was  suggested  that  a  reduction  in  price  was  to  be  expected 
mainly  through  reductions  in  the  consumption  of  coal  per  unit 
generated  and  a  reduction  in  capital  expenditure  ;  and  that  with 
coal  delivered  to  the  generating  stations  at  20/-  a  ton  electricity 
should,  in  a  few  years,  be  available  for  general  domestic  purposes, 
including  lighting,  at  about  0.8d.  a  unit    At  such  a  price  it  would 
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become  a  serious  rival  to  gas  at  lOd.  a  therm  for  cooking  or 
occasional  room  warming,  but  for  hot-water  production  it  would 
still  cost  nearly  twice  as  much.  In  all  cases  it  would  involve  a 
considerably  increased  initial  coal  consumption.  Moreover,  in  the 
meantime,  the  average  price  of  gas  may  also  diminish. 

The  immediate  future  will  no  doubt  see  continued  development 
in  the  substitution  of  gas  and  coke  for  bituminous  coal  in  domestic 
appliances,  and  the  building  up  of  a  steady  market  for  coke  should 
react  favourably  upon  the  price  of  gas.  Such  changes  practically 
always  result  in  a  reduction  in  the  initial  coal  consumption  re- 
quired for  any  specific  purpose.  For  instance,  the  use  of  gas 
saves  three-fifths  of  the  coal  needed  for  equivalent  cooking,  and 
gas  water  heating  involves  a  slightly  less  initial  consumj)tion  in 
solid  fuel  than  the  coke-fired  boiler.  In  ordinary  households  the 
use  of  a  gas  cooker  does  not  as  a  rule  eliminate  the  necessity  for 
using  solid  fuel  for  heating  water  and  warming  the  kitchen,  since 
an  all-gas  installation  would,  in  the  majority  of  cases,  be  ruled 
out  on  account  of  its  expense.  But  any  combination  of  gas  and 
solid  fuel  (with  soHd  fuel  at  45/-  a  ton  and  gas  at  lOd.  a  therm), 
provided  that  it  can  be  run  at  the  same  cost  as  solid  fuel  equip- 
ment alone^  will  effect  a  saving  in  initial  coal  consumption. 

In  many  cases  this  condition  can  be  satisfied.  To  what  extent  it 
may  also,  in  the  future,  become  possible  of  fulfilment  by  combina- 
tions of  cheaper  electricity  and  solid  fuel  is  problematical.  If,  at 
the  prices  taken,  it  could  be  fulfilled  throughout  the  domestic 
field  by  the  use  of  gas  and  coke  in  the  proportions  in  which  they 
are  produced  at  the  gasworks,  the  necessity  would  arise  for 
carbonising  22  million  tons  of  coal  annually,  over  and  above  that 
at  present  dealt  with.  Such  a  favourable  distribution  could 
scarcely  be  expected  to  apply  exactly,  although  it  bears  some 
relation  to  fact.  Further,  due  allowance  must  be  made  for  the 
continued  growth  of  electricity  for  domestic  purposes,  even  at  a 
relatively  high  cost.  But  the  vast  possibilities  for  the  develop- 
ment of  the  carbonisation  industry  to  meet  the  requirements  of  the 
domestic  field  alone  are  clearly  indicated. 

Obviously  innovations  on  so  ambitious  a  scale  cannot  be  accom- 
plished in  a  moment,  and  doubtless  large  quantities  of  raw  coal 
will  for  many  years  continue  to  find  its  way  into  our  houses. 
Every  reasonable  care  should,  therefore,  be  taken  to  utilise  this 
with  the  utmost  possible  efficiency  until  the  time  comes  when  it 
can  be  completely  displaced  by  coke,  gas  and  electricity. 
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ZUSAMMENFASSUNG 

Der  Brennstoffverbrauch  für  nicht-industrielle  Zwecke  ist  in  Grossbritannien 
verhältnismässig  sehr  hoch.  In  den  letzten  10  Jahren  betrug  der  häusliche 
Bedarf  an  Rohkohle  40  Millionen  englische  Tons  jährlich,  wozu  noch  die  stets 
zunehmenden  Mengen  Gas  und  Elektrizität  kommen.  Daher  das  Bestreben, 
die  Möglichkeiten  zur  Einführung  verbesserter  Methoden  zu  erforschen. 

Der  Bericht  behandelt  den  Wirkungsgrad  und  vergleicht  die  Kosten  der 
einzelnen  Brennstoffe  und  der  verschiedenen  Typen  von  Heiz-,  Koch-  und 
Warm  Wasserapparaten,   und  bespricht  deren  Vor-  und  Nachteile. 

Den  Vergleichen  wurden  die  folgenden  Preise  zu  Grunde  gelegt: 

Steinkohle  (13  500  B.Th.U.  prolb)  45/-  pro  Ton  =1,8    d  pro  "Therm" 

Anthrazit  (14  500  B.Th.U.  prolb)  75/-  pro  Ton  =2,8    d 

Gaskoks  (12  500  B.Th.U.  prolb)  40/-  pro  Ton  =1,7    d 

Brennöl  (19  000  B.Th.U.  pro  Ib)  95/-  pro  Ton  =2,65d 

Paraffinöl  (19  500  B.Th.U.  pro  Ib)        1/-  proGallon  =      8d 

Gas  lOdpro Therm  =     10  d 

Elektrischer  Strom  Id  pro  Einheit  =    29  d 

Der  thermische  Wirkungsgrad  der  Gaserzeugung  aus  Kohle  wurde  nach 
einem    Abzug    für    Koks    und    Teer    mit    50%,    derjenige    der    Erzeugung 
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elektrischen    Stromes    durch   Kohle   mit    13%    angenommen.    Die  folgendem 
mittleren  Wirkungsgrade  wurden  in  Rechnung  gezogen: 

Offene  Feuer  Strahlung 

Kohle  20% 

Koks  25% 

Gas  45% 

Elektrizität  75% 
Geschlossene  Öfen  mit 

Rauchabzügen  Gesamtwirkungsgrad 

Kohle  50% 

Koks  55% 

Anthrazit  60% 

Gas  75% 
Abzugslose  Öfen 

Paraffinöl  100% 

Gas  100% 

Elektrizität  100% 
Zentralheizung 

Kohle  50% 

Koks  50% 

Öl  60% 

Gas  75% 

Legt  man  der  Wärmeerzeugung  diese  Vergleichszahlen  zu  Grunde,  so  kommt 
kein  System  in  Bezug  auf  die  Billigkeit  des  Betriebes  an  die  Zentralheizung, 
mit  Kohle  oder  Koks,  noch  an  Einzelöfen  für  Kohle  oder  Koks  heran. 
Zentralheizung  mit  Ölfeuerung  kostet  l,3mal,  mit  Gasfeuerung  3,7mal, 
abzugslose  Gasöfen  2,8mal  und  elektrische  Heizung  8mal  so  viel. 

Bei  entsprechender  Ausstrahlung  belaufen  sich  die  Brennstoffkosten  ver- 
gleichsweise wie  folgt:  Kohle  1,  Ivoks  0,8,  Gas  2,5,  Elektrizität  4,3. 

Die  hervorragendsten  Fortschritte  der  letzten  10  Jahre  in  der  Erzeugung  von 
Wärme  zu  nicht-industriellen  Heizzwecken  waren: 

(a)  Die  Verwendung  von  Gas   (und  in  geringem  Masse  auch  von  elek- 
trischem Strom)  zum  Kochen. 

(b)  Die  Verwendung  von  Gas  (und  in  geringem  Masse  auch  von  elek- 
trischem Strom)  zur  intermittierenden  Heizung. 

(c)  Die  Verwendung  von  Koks  in  Warmwasseranlagen. 

(d)  Die  Verwendung  von  Gas  zur  intermittierenden  Wassererwärmung. 

(e)  Zentralheizung  in  grossen  Häusern  und  Gebäuden,  selbständig  oder  in 
Verbindung  mit  offenen  Feuern. 

(/)    Ersetzen   altmodischer   Kochherde   durch   kleinere   und   besser   kon- 
trollierbare. 

(g)   Bessere  IvontroUe  des  Luftzuges  bei  ofienen  Feuern  in  Wohnräumen. 
Diese  Fortschritte     und    die  für  die  nächste  Zukunft  zu  erwartende  Ent- 
wicklung,   wie     auch    die    Bestrebungen    der    Vergasungs-Industrie,    dieser 
gerecht  zu  werden,  werden  besprochen. 
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Domestic  Fuels  and  Electricity  in  Modern  Japan 

Wood  and  charcoal  have  been  the  principal  domestic  fuels  in 
Japan  from  olden  times,  and  even  husks,  straw,  hay  or  pine-needles 
have  been  used  as  fuels  in  certain  localities.  With  the  advance  of 
civilisation,  however,  as  communications  and  transport  were 
improved  and  larger  cities  developed,  coal,  petroleum,  gas  and 
electricity  have  gradually  been  introduced  to  the  Japanese  people 
to  be  utilised  as  fuels.  Thus  there  is  a  great  variety  of 
domestic  fuel  now  used  in  this  country,  and  these  varieties  may 
differ  according  to  the  local  living  conditions.  The  objects  for 
which  they  are  used  can  be  classified  into  three  divisions:  cooking, 
heating  of  air  and  heating  of  water. 

(1)  Wood  and  charcoal.  About  80  per  cent,  of  all  fuels  now  con- 
sumed being  wood  and  charcoal,  these  can  unhesitatingly  be  ad- 
mitted as  the  most  important  fuels  for  daily  domestic  use  in  Japan. 
The  annual  consumption  of  charcoal  reaches  as  much  as  1 ,700,000 
tons  and  that  of  wood  (including  straw,  pine-needles,  etc.),  30,000,000 
tons. 
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(2)  Petroleum.  This  material  had  long  been  used  for  lighting 
purposes  until  it  was  displaced  by  gas  and  electric  light,  and  now 
it  finds  its  use  only  in  petroleum  stoves  and  portable  furnaces. 
The  annual  consumption  does  not  exceed  500,000  kokii  (90,000,000 
litres) . 

(3)  Coal.  About  1,500,000  tons  of  coal  are  consumed  yearly, 
chiefly  for  the  purpose  of  heating  air  and  water.  For  sanitary 
reasons  and  also  for  the  more  economical  use  of  coal,  gas  and 
briquettes  are  becoming  more  popular. 

(4)  Town's  gas.  As  a  domestic  fuel,  coal-gas  is  as  important  as 
electricity.  Since  the  enactment  of  the  Gas  Enterprise  Law  in 
1925,  a  rapid  increase  has  been  brought  about  in  the  manufacture 
of  gas  throughout  the  country,  and  it  is  quite  probable  that  before 
long  all  large  cities  will  be  furnished  with  a  gas  supply.  In  1926, 
there  were  ninety-one  cities  supplied  with  gas  and  more  than 
800,000  tons  of  coal  were  annually  consumed  to  produce  over 
400,000,000  cubic  metres  of  coal-gas,  500,000  tons  of  coke  and  other 
by-products.  The  calorific  value  of  the  gas  ranges  from  3,000  to 
4,400  kilogram-calories  per  cubic  metre. 

(5)  Coke.  There  is  a  fairly  good  demand  for  gas-coke,  a  b}^- 
product  of  gas  manufacture.  The  annual  consumption  is  500,000 
tons. 

(6)  Fuel  substitutes.  As  a  result  of  the  recent  research  work  on 
the  more  efficient  utilisation  of  coal  as  a  means  of  solving  the  fuel 
problem,  such  fuel  substitutes  as  semi-coke  and  briquettes  of  varied 
qualities  are  produced.  These  are  now  finding  a  market  as 
domestic  fuels,  showing  a  yearly  demand  altogether  of  about 
60,000  tons.  Of  these  materials,  briquettes  seem  more  popular 
and  tend  to  take  the  place  of  wood  and  charcoal. 

(7)  Electricity.  The  development  of  the  use  of  electricity  in 
Japan  has  rather  a  brief  history,  extending  over  only  fifteen  years 
or  so.  For  domestic  heating,  the  Kyoto  Dentô  Kabusiki  Kaisya, 
an  electric-light  company  of  Kyoto,  took  the  lead,  and  started  power 
supply  for  domestic  heating  in  November  1914.  This  was 
followed  by  the  Osaka  Dentô  Kabusiki  Kaisya,  an  electric-light 
company  of  Osaka,  which  began  to  supply  electric  energy  for  heating 
in  December  1915.  The  sale  of  electricity  for  heating  purposes 
was  then  considered  by  electric  power  companies  to  be  one  of  the 
most  important  branches  of  business,  and  it  was  showing  steady 
progress,  until  checked  for  some  time  during  the  World  War  by 
the    prevailing    shortage    of    power    supply.       After     the    War, 
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however,  from  1919  to  1920,  at  the  time  of  the  financial  boom  when 
hydro-electric  powder  companies  made  their  start,  electric  heating 
again  captured  the  public  interest,  and  since  1922  the  business  has 
developed  by  leaps  and  bounds. 

It  should  be  recognised  that  the  growth  of  the  demand  for  electric 
heating  is  due  to  the  education  of  the  public  in  its  advantages 
carried  on  by  power  companies,  and  also  to  the  strenuous  efforts 
of  the  makers  and  sellers  of  electrical  apparatus  and  appliances 
suited  to  Japanese  local  conditions.  In  1921  the  Katei  Dennetu 
Riyo  Sokusin  Tyôsakai,  a  society  for  investigating  and  promoting 
domestic  electric  heating,  was  formed  by  the  Denki  Kyôkai 
(Japanese  Electric  Association).  About  the  same  time,  in  August 
1921,  the  Imperial  Department  of  Communications  also  organised 
the  Katei  Denki  Tyôsakai,  a  "society  for  the  investigation  of  domestic 
electrification,  appointing  experts  on  the  subject  to  its  committee 
from  among  officials  and  the  public.  This  society  after  thorough 
study  of  various  problems  relating  to  domestic  heating  appHcations 
issued,  in  March  1925,  standard  specifications  for  domestic 
electric  heating  appliances  and  revised  some  of  the  provisions  in  the 
Electric  Enterprise  Law,  thus  inaugurating  the  work  of  the  stan- 
dardisation of  domestic  electric  appliances  in  Japan. 

With  the  object  of  improving  the  condition  of  the  daily  home  life 
of  the  Japanese  people,  the  Katei  Denki  Hukyûkai,  a  society  to 
promote  home  electrification,  was  established  in  April  1924.  This 
society  includes  among  its  members  electric  consumers,  suppliers, 
students,  experts,  etc.,  covering  many  different  fields  of  social 
activity.  The  efforts  of  the  society  have  been  directed  towards 
making  the  use  of  electricity  popular  in  Japanese  homes  by  giving 
lectures  and  issuing  publications.  This  work  has  yielded  remark- 
ably good  results,  as  will  be  seen  in  Table  I.  and  Fig.  1  which  show 
the  present  consumption  of  electricity  as  well  as  the  rapid  increase 
during  the  past  five  years  in  the  demand  for  electric  heating. 

TABLE  I 

GROWTH  OF  DEMAND  FOR  DOMESTIC  ELECTRIC  HEATING 
IN  THE  PAST  FIVE  YEARS 

Year.  k\V.  power  contracted.^  No.  of  consumers 

(families) . 
8,897 
20,094 
36,377 
59,833 
82,413 


1923          

15,095 

1924          

34,940 

1925          

59,068 

1926          

88,832 

1927          

128,088 

1  See  Note  4  to  Table  IV. 
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Domestic  Electric  Heating  in  Japan 

As  mentioned  above,  various  kinds  of  fuel  are  used  by  the 
Japanese  people  to  suit  their  own  local  and  individual  conditions, 
for  the  purpose  of  cooking  and  of  heating  air  and  water.  For 
burning  wood  and  charcoal,  the  universal  fuel  of  former  days,  they 
have  devised  many  appliances,  such  as  the  kamado  (cooking  stove), 
sitirin  (hot  plate),  kotatii  (body  warmer),  irori  (fireplace),  etc. 
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With  the  increased  price  of  these  fuels  and  the  recent  rise  in 
labour  charges,  the  people  can  no  longer  remain  indifferent  to  the 
comparatively  great  waste  of  fuel  and  human  labour  resulting  from 
the  use  of  these  appliances.  They  have  begun  to  see  the  necessity 
for  cutting  down  cooking  expenses  and  the  labour  of  housewives 
and  maids,  to  enable  them  to  spend  more  money  on  the  better 
education  of  their  children  and  to  allow  them  more  time  for  their 
own  culture.     They  have  also  begun  to  realise  the  need  for  economy 
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of  fuel  resources  and  the  advantages  to  be  gained  from  the  develop- 
ment of  the  natural  water  power  of  the  country.  The  promotion 
of  the  health  and  efficiency  of  the  people  is  also  a  problem  of  national 
importance.  How  to  utilise  domestic  fuels  scientifically  and  eco- 
nomically has  thus  become  a  matter  of  grave  consideration  for  the 
Japanese  nation  as  a  whole. 

For  the  solution  of  these  problems,  three  sources  of  heat,  namely. 
(1)  gas  manufactured  by  the  economical  use  of  coal,  (2)  coke  and 
briquettes,  the  by-products  of  gas  manufacture,  and  (3)  electric 
energy  produced  by  the  utilisation  of  abundant  water  power,  are 
unquestionably  the  most  important  substitutes  for  wood  and  char- 
coal in  the  Japanese  household.  No  other  fuels,  however,  are 
comparable  with  electricity  for  safety  and  ease  of  handling.  It 
can  be  instantaneously  switched  on  and  off.  Not  only  is  it  clean, 
being  absolutely  free  from  soot,  ashes  and  other  residue,  but  it 
is  also  perfectly  safe,  as  it  does  not  produce  carbon  monoxide  and 
other  harmful  gases.  Moreover,  the  difficulties  often  experienced 
on  account  of  climatic  conditions  and  the  style  of  building  construc- 
tion in  Japan  for  house  heating  by  means  of  steam,  hot  water  and 
air  can  easily  be  overcome  by  electric  heating.  From  the  economic 
standpoint,  this  means  a  great  saving  of  time,  labour  and  heat. 
It  may,  however,  take  some  time  before  the  people  can  be  persuaded 
to  abandon  their  old  customs,  dating  back  more  than  2,000  years, 
and  adapt  themselves  to  the  mode  of  living  brought  about  by  these 
latest  inventions.  There  are  still  a  number  of  people  in  Japan  who, 
through  unfamiliarity  and  because  of  their  own  lack  of  scientific 
knowledge,  conclude  that  electric  heating  is  only  a  luxury.  Home 
electrification  in  Japan,  therefore,  will  probably  not  spread  beyond 
the  limits  of  the  larger  towns  and  cities  for  some  time  to  come. 

In  Table  II.,  electricity  and  the  various  domestic  fuels  now  used 
in  Japan  are  compared  on  a  basis  of  price  and  heat  content. 

Typical  Electric  Appliances  in  Use  and  the  Consumption  of 
Electricity  in  Average  Japanese  Homes 
The  electric  heating  appliances  now  commonly  used  in  Japan  are 
the  sitirin  (hot  plate),  the  kotaiii  (body  warmer),  kettles,  irons, 
radiators,  toasters,  percolators,  milk  warmers,  cigar  lighters,  heating 
pads,  curling  irons  and  humidifiers;  and  the  demand  is  gradually 
increasing  for  bath  water  heaters,  washing  machines,  cooking 
ranges  and  refrigerators. 

Fig.  2  shows  an  electrified  kitchen. 
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Examples  of  electric  appliances  in  use  and  the  consumption  in 
average  Japanese  electrified  homes  are   shown  in  Table  III. 

Fig.  3  is  an  example  of  a  load  curve  showing  the  con- 
sumption of  an  average  consumer  in  summer,  from  which  an  idea 
of  the  domestic  demand  for  electric  power  may  be  obtained. 


Fig.  2.      An  Electritied  Kitchen. 

As  shown  in  Table  L,  there  is  a  total  power  demand  of  130,000  kW. 
at  present  for  domestic  heating  for  82,000  customers,  which  gives 
approximately  1.55  kW.  per  customer.  The  energy  consumption 
per  kilowatt  varies  more  or  less  according  to  the  season;  the  average 
value  for  summer  is  62  kWh.,  while  that  for  winter  is  92  kWh. 
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TABLE  III. 
ELECTRIC  FIXTURES,  ENERGY  CONSUMPTION  AND  BILLS  IN  ORDINARY  ELECTRIFIED  HOMES 


No.  of 

Contracted 

Appliances  and  their  capacities. 

Energy 

Monthly  Bills. 

Energy 

Rental  charge 

Total 

Consumers. 

members 

capacity, 

Appliances. 

No. 

kW. 

charge. 

for  appliances 

amount 

in  family. 

kW. 

kWh. 

!     and  wiring. 

of  bills. 

Yen 

Yen 

Yen 

Range             

I 

80 

Hot  plate      

1 

0-5 

W.     1292 

56-68 

56-68 

Bath  water  heater    . . . 

1 

20 

A 

7 

5 

Stove 

Body  warmer 

Toaster,   percolator 

6 
2 

5-5 
0-6 

S.        263 

1500 

15-00 

iron,  etc.   ... 

4 

1-5 

Av.     651 

32-55 

32-55 

Total 

15 

181 

Rice  cooker  ... 

I 

90 

Hot  plate      

1 

0-75 

W.      249 

12-45 

12-45 

Immersion  heater    ... 

1 

0-5 

B 

5 

3 

Stove 
Radiator 

I 
I 

10 
0-5 

S.         168 

9-00 

9-00 

Iron 

1 

0-5 

Av.     194 

9-70 

9-70 

Total 

6 

5-25 

Rice  cooker  ... 

I 

1-5 

Hotplate      

I 

10 

W.       158 

7-90 

2-80 

10-70 

C 

4 

2 

Immersion  heater    ... 

1 

0-5 

Radiator 

1 

0-5 

S.          88 

6-00 

2-80 

8-80 

Iron    ... 

1 

0-5 

Av.      128 

6-40 

2-80 

9-20 

Total 

5 

40 

Utility  stove 

1 

1-5 

D 

3 

1-5 

Radiator 
Bed  warmer 

1 

1 

0-5 
004 

W.        79 

4-50 

2-60 

710 

Iron    ... 

1 

0-3 

S.          69 
Av.       73 

4-50 
4-50 

1-20 
1-20 

5-70 

Total 

4 

2-34 

5-70 

Utility  stove 

I 

1-2 

W.        88 

4-40 

1-80 

6-20 

E 

3 

1-2 

Iron    ... 

1 

0-1 

Iron    ... 

1 

0-3 

S.          60 
Av.       66 

3-60 
3-60 

1-80 
1-08 

5-40 

Total 

3 

1-6 

5-40 

W. — Average  per  month  in  winter.     S. — Average  per  month  in  summer.     Av. — Average  per  month  throughout  year. 
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Examples  of  electric  appliances  in  use  and  the  consumption  in 


per  kilowatt  varies  more  or  less  according  to  the  season;  the  average 
\'alue  for  summer  is  62  kWh.,  while  that  for  winter  is  92  k\Vh. 
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Domestic  Electric  Heating  Appliances  Exclusively  used 
IX   Japan 

There  are  in  Japan  certain  electric  heating  appliances  which  are 
not  found  in  other  countries,  but  have  been  devised  by  the  Japanese 
people  to  meet  local  customs  and  living  conditions. 

(1)  Kaniado  (rice  cooker).  The  kainado  is  an  iron  pot,  with 
a  heavy  lid,  used  by  the  people  for  cooking  rice,  the  staple  Japanese 
food.  Fuels  of  various  kinds  are  used  for  cooking,  but  the  recent 
application  of  electricity  has  produced  an  electric  rice  cooker  to 
take  the  place  of  this  kainado. 


l"ig.  4.     Bannôkaniado  (Utility  Rice  Cooker). 

The  electric  rice  cooker  is  usually  made  to  take  1  to  3  kW.  and  will 
serve  a  familv  of  up  to  about  ten  persons.  It  consists  of  a  cast-iron 
cylindrical  body  with  a  heating  element  in  the  base;  an  aluminium 
pot  containing  rice  and  water  is  placed  upon  the  cooker.  The  rice 
can  be  cooked  in  about  twenty-five  minutes.  There  are  two  other 
special  kinds  called  dcnkakama  (electrified  rice  cooker)  and  ban- 
nôkamado  (utility  rice  cooker.  Figs.  4  and  5).  The  former  is  an 
aluminium  pot  with  double  walls  and  bottom,  around  which  heating 
coils  of  500  watts  are  wound.  This  cooker  can  also  be  used  for 
other  purposes.     The  latter  is  similar  to  the  ordinary  rice  cooker 
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described  above,  but  the  upper  part  can  be  removed  and  the  base 
containing  the  heating  element  can  be  used  as  a  hot  plate. 


Fig.  5.      Bannôkamado  (Utility  Rice  Cooker). 

(2)  Bannô  sitirin  (utility  stove,  Fig.  6).  This  is  designed  to  meet 
the  requirements  of  consumers  wanting  a  single  cooker  which  can 
be  used  for  a  variety  of  different -purposes,  and  is  an  electric  oven 


ii:.  ()       l'.annô  Sitirin  (Utility  Stove) 


127 


UTILISATION:  DOMESTIC  PURPOSES 

with  a  top  heater,  which  latter,  when  turned  over,  can  be  used  as 
a  hot  plate.  This  oven  is  made  in  sizes  of  1 ,  1.5  and  2  kW.  The 
price  is  quite  reasonable,  that  of  the  1  kW.  size  being  about  18  yen, 
and  on  account  of  its  efficiency  the  number  of  users  is  yearly 
increasing. 

(3)  Hibati  (charcoal  burner).  The  hibati  is  widely  used  through- 
out the  country.  It  generally  serves  as  the  only  heater  in  a  Japanese 
room  during  the  winter,  but  is  very  useful  in  every  season  for  Hghting 
cigarettes,  heating  water  or  other  minor  cooking  operations. 

The  ordinary  hibati  is  very  simply  constructed.  A  porcelain  or 
wooden  box  lined  with  metal  contains  the  burning  charcoal  and  a 
quantity  of  ashes.  To  overcome  the  disadvantages  attendant  on 
the  open  burning  of  charcoal,  an  electric  hibati  has  been  devised. 
It  has  one,  two,  or  three  pieces  of  refractory  material,  each  contain- 
ing a  300  W.  heating  element  and  surrounded  by  straw,  ashes  or 
asbestos,  so  as  to  resemble  in  appearance  the  charcoal  hibati.  The 
use  of  electricity  adds  to  the  cleanliness  and  comfort  of  the  room, 
and  saves  the  time  and  labour  required  to  light  the  charcoal  and 
keep  it  burning.  This  apphance  is,  therefore,  rapidly  gaining 
in  popularity. 

(4)  Kot  at  H  (body  warmer)  and  anka  (bed  warmer).  The  kotatu 
is  a  simple  form  of  heater,  designed  to  suit  the  Japanese  habit  of 
sitting  on  the  matting  floor.  It  consists  of  an  earthenware  vessel 
containing  ashes  and  charcoal  fire  placed  under  a  square  wooden 
frame  over  which  a  quilt  is  spread  to  conserve  the  heat.  Electric 
heating  in  such  a  wooden  frame  has  recently  been  introduced  in 
Japan.  This  appliance,  called  denki  kotatu,  consumes  200  to  400 
watts  and  is  equipped  with  a  temperature  fuse  and  a  thermostat 
switch  to  enable  the  heat  to  be  kept  steady  at  around  25°C. 

This  electric  heater,  which  can  be  bought  for  about  10  yen,  fur- 
nishes sufficient  heat  at  one-third  of  the  expense  of  the  charcoal 
kotatu.  The  demand  for  this  appliance  is,  therefore,  increasing 
rapidly. 

There  is  also  a  small  heater  similar  to  the  kotatu,  which  is  called 
the  anka.  The  electrified  form  is  known  as  the  denki  anka.  This 
is  somewhat  similar  to  the  denki  kotatu  but  made  for  a  smaller 
consumption,  ranging  from  40  to  60  watts.  It  is  much  used  as  a 
heating  pad  for  warming  the  feet  in  bed.  In  view  of  its  cheapness 
and  low  consumption  of  electricity,  it  finds  a  great  demand  in  places 
where  the  winter  is  not  very  severe. 
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(5)  Baihicater  heater.  The  Japanese  bath  is  a  square  or  round 
wooden  tub,  holding  from  180  to  270  litres  of  warm  water. 
The  general  practice  is  to  heat  the  water  in  a  boiler  fired  with  coal 
or  coke,  but  electrically  heated  boilers  are  gradually  replacing  fuel- 
heated,  to  the  greater  comfort  and  convenience  of  daily  life.  To 
heat  the  bath  water,  some  people  use  a  2  to  5  kW.  immersion  heater; 
others  install  a  hot  water  tank  with  heat  insulating  covering.  Hot 
water  is  led  to  the  tub  from  this  tank.  One  or  two  2-kW.  heaters 
are  installed  in  the  tank  and  can  be  used  together  or  separately  to 
regulate  the  heat.  In  places  where  double  tariffs  are  in  force, 
people  naturally  avail  themselves  of  the  lower  night  rate. 

(6)  Saihogote  (small  iron.  Fig.  7).  The  small  electric  iron  called 
the    saihogote  is  especially   designed   for    Japanese  ironing.     The 


Saihogote  (Small  Iron). 


small  bod}^  of  iron  containing  a  100  W.  heating  anit  together  with 
its  handle  measures  about  30  cm.  These  irons  can  be  bought  at 
about  6  yen  each,  and  on  account  of  the  small  consumption  of 
electric  power,  are  now  widely  used  in  Japan. 

Services  and  R.ates  for  Domestic  Electric  Heating 

Of  the  six  leading  cities  in  Japan  (Tokyo,  Osaka,  Kobe,  Nagoya, 
Kyoto  and  Yokohama)  Kyoto  was  the  first  to  start,  in  November 
1914,  the  supply  of  power  for  heating.  Both  meter  and  fixed  tariff 
were  then  adopted,  after  the  model  of  the  lighting  and  power 
service  tariffs  already  in  force.  The  next  step  was  taken  in 
Osaka,  where  under  a  separate  policy  general  heating  service  was 
commenced  in  December  1915.  In  Tokyo  heating  service  was 
started  in  January  1918,  in  Kobe  in  April  1919,  and  in  Yokohama 
and  Nagoya  in    1920.     No  special  policy  regarding  heating  was 
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taken  up  in  these  cities  at  that  time,  but  the  meter  rate  on  Hghting 
and  power  services  generally  in  practice  was  applied  to  it. 

The  heating  service  and  rates  in  force  at  present  in  the  above 
principal  cities  of  Japan  are  detailed  in  Table  IV. 

Conclusion 

The  sources  of  fuel  in  present-day  Japan  are  numerous  and  varied, 
but  in  view  of  recent  developments  in  house  building  and  a  higher 
standard  of  living,  which  has  been  brought  about  through  the  growth 
of  scientific  knowledge,  it  is  now  universally  admitted  that  electric 
heating  will  outdo  in  future  other  heating  sources  on  account  of  the 
various  advantages  in  connection  with  its  supply  and  handling,  and 
also  because  of  its  superiority  from  a  sanitary  as  well  as  an  economic 
point  of  view.  The  sources  of  such  fuel  materials  as  wood,  charcoal, 
coal  or  petroleum  are  limited,  and,  consequently,  the  production  is 
small  and  the  increased  demand  is  causing  prices  to  rise.  These 
limited  quantities  of  fuel  should  not  be  wasted  in  a  reckless  way, 
but  should  be  used  by  the  nation  with  forethought  and  economy. 

Japan,  being  a  mountainous  and  rainy  country,  has  many  rivers 
with  numerous  high  water  heads  capable  of  producing  over  the 
period  of  normal  water  level  a  total  of  14,090,000  H.P.  water  power, 
about  25  per  cent,  of  which,  i.e.,  3,580,000  H.P.,  was  being 
used  for  power  generation  at  the  end  of  1926.  This  hydro-electric 
power  is  equivalent  to  the  energy  available  annually  from  about 
15,000,000  tons  of  coal.  We  find,  therefore,  one  solution  of  the 
difficult  fuel  problem  in  the  utilisation  of  this  vast  water  power  for 
domestic  heating. 

Needless  to  say,  in  view  of  the  occurrence  of  dry  periods  we  have 
to  provide  either  steam  power  plants  or  reservoirs  to  supplement  the 
hydraulic  plant.  The  yearly  consumption  of  coal  for  this  purpose 
would  only  be  1,500,000  tons,  which  is  5  per  cent,  of  the  present 
total  consumption  throughout  the  country.  The  consumption  of 
a  small  amount  of  coal  for  a  greater  development  of  water  power 
can,  therefore,  be  admitted  as  a  very  effective  use  of  this  fuel,  especi- 
ally when  we  consider  the  growing  demand  for  electric  heating. 

As  regards  the  present  development  of  electric  power,  according 
to  statistics  at  the  end  of  1926,  of  3,200,000  kW.,  the  total 
power  generated  at  that  time,  680,000  kW.  was  consumed  on 
30,160,000  lamps,  2,300,000  H.P.  on  300,000  motors,  530,000  kW. 
on  electric  railways  and  340,000  kW.  on  heating  and  other  domestic 
electric  appliances.  The  number  of  families  using  electric  lamps 
was  85  per  cent,  of  the  total  number  of  families,  and  the  capacity 

130  c5 


j^ 

er  month 
Period. 
Day  ant 
night 

'o 

2  2  ■<  o  x:  o 


S  <  o      o 


.6    q 


B 

Ö 

in  ^ 

^ 

^1 

£5 

;g 

^^i 

'<=  ?. 

H 

b:^ 

"r 

r^-^  e 

Q 

(£« 

B 

6  6 

|g 

•a 

sä| 

s  C  ^o 


^fi 


O.U 


O  O       g  £■-  ß  g  g  3  S   ° 

ï  ^   -  l.ti  i  *   'S  ^  ~  1  g 


=  t;  .5  a  3  y  o  Tî  j;  b  o  -s  ' 


s  £? 


■AS  »p    o"o; 


■  "o-  °  o  = 

^   &■  ï  -'S  ^  13    î 


"i'Sîn^c      l^ô^  o"o  0^  oo 


■S-ïi         ni   G,  >   4,  '^ 


-Pc 


6Si5£0-5""      S"^     •2i:äia)Jofecx:g'" 


-:=^s-g.;E 


£i5:  *  «  3  2  ï' „■  &5  I  s  s  Ü      ^Sil^sZ      S,-^  M  S  ^1  P-l  il  §  "~ 
iS.a^'Ci.EiSrtgoi      bSSc      o'ZcSSSc      o  „  o.g.  >■  ^  E  .S  3  p  j 


u^u.«—  CdjSw+Jt- 


.t:  —  c  ç      g 


g     —  o."^      5.     g,  g      c      uu^Bb     a 

g>|1s  ^  i:  §  ^u^: 

°-^°     -a-      =  °      '■     SassS  — 

^|Sgg°      s      S^      X    •^g|-g£''o^ 

^  o  0.-5  5e53      '^SîI-  —  Cuä>?'p3W 


J3  t)  h     .-  c 


ll^ol 


t:|;5  g 


S3  fe  g-^  9  ! 


Si3         g,-3B 
.2  o  —     :5  "3  rt 


a  n-^ 


111 


"il  .Ou 

1 3  Z  2  I' 
g- Sh  ë 

P  ■(«  iß  "o  U 


m 

cd 

111 


13 1 


1^1 


>.M  Ë   0  g 


JAPAN:    DOMESTIC   ELECTRIC   HEATING 

of  electric  motors  60  per  cent,  of  the  total  horse  power  installed 
in  factories  throughout  the  empire. 

The  progress  made  in  the  utilisation  of  electric  power  within  recent 
years  is  quite  remarkable.  Since  1919  electrification  has  been 
begun  on  the  railways,  and  at  present  19  per  cent,  of  the  whole 
length  is  electrified.  The  rate  of  increase  seen  in  these  ten  years 
in  the  number  of  lamps  is  about  300  per  cent.,  on  the  length  of 
electric  railways  more  than  200  per  cent.,  and  300  and  400  per  cent, 
respectively  on  the  capacity  of  heating  and  other  electric  equipment. 
Much  larger  percentage  increases  are  noted  in  domestic  heating,  which 
has  developed  within  the  last  five  years  but  is  still  in  its  initial  stage. 
The  number  of  consumers,  each  representing  a  family,  has  increased 
by  720  per  cent,  and  the  consumption  by  850  per  cent.,  the  con- 
tracted capacity  reaching  1 30,000  kW. 

Though  the  demand  for  domestic  heating  in  Japan  is  thus  steadily 
increasing  in  various  cities,  a  considerable  length  of  time  will  pro- 
bably be  required  before  its  full  development  is  achieved.  This  is 
because  of  the  present  financial  difficulties  and  also  because  of  the 
strong  attachment  of  the  people  to  the  familiar  old  ways.  The 
insufficiency  of  scientific  knowledge  about  electricity  and  its  utilisa- 
tion among  the  general  public  is  another  handicap. 

In  spite  of  such  difficulties,  thinking  people  of  Japan  are  now 
strenuously  endeavouring  to  cultivate  a  wider  electrical  knowledge 
among  the  community  and  to  improve  their  living  conditions 
through  the  use  of  electricity  in  the  home.  With  this  object  in 
view  they  are  telling  the  public  about  the  merits  of  electric  heating 
by  means  of  various  organs  of  propaganda.  Katei  Denki  Htikyûkai 
(the  Society  to  Promote  Home  Electrification)  is  a  leading  organisa- 
tion formed  for  this  purpose. 

Makers  and  sellers  of  electric  appliances,  at  the  same  time,  are 
doing  their  best  to  furnish  at  a  low  price  apparatus  of  good  quaUty 
which  will  suit  Japanese  local  conditions  and  customs.  Suppliers 
of  power  for  heating  are  not  behind  others  in  their  endeavours  to 
place  home  electrification  within  everyone's  reach  by  increasing 
mains  and  connections  and  through  the  improvement  of  services 
and  tariff  rates,  so  cutting  down  the  cost. 

We  have  reason  to  beheve  that  in  the  future  when  wiring  and 
power  distribution  become  more  generally  available,  electric  heating 
appliances  will  come  in  as  close  contact  with  the  daily  life  of  Japanese 
people  as  do  the  electric  lamps  of  the  present  day,  which  replaced 
petroleum  lamps,  and  also  as  the  waterworks  which  replaced  wells 
withm  cities. 
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ZUSAMMENFASSUNG 

In  Japan  sind  seit  alten  Zeiten  Brennholz  und  Holzkohle  als  Hauptheiz- 
material im  Haushalt  benutzt  worden:  aber  je  nach  der  Entwicklung 
der  Grosstädte  sind  allmählich  Steinkohle,  Petroleum,  Gas  und  endlich 
Elektrizität  als  Heizmaterial  im  Haushalt  eingeführt  worden.  Brennholz 
und  Holzkohle  machen  noch  8  Zehntel  des  gesamten  häuslichen  Heizmaterials 
aus,  der  Verbrauch  beträgt  in  einem  Jahre  an  Holzkohle  1  700  000  Tonnen 
und  an  Brennholz  30  000  000  Tonnen.  Das  Petroleum,  das  früher  aus- 
schliesslich für  Beleuchtung  bestimmt  war,  wird  nunmehr  für  Küchenöfen, 
Heizöfen,  etc.,  verwendet;  seine  Verbrauchsmenge  beläuft  sich  auf  500  000 
Koku  (1  Koku  gleich  180  Liter).  An  Steinkohle  wird  in  einem  Jahre  eine 
Menge  von  ca.  1  500  000  Tonnen  für  Wohnhausheizung  und  890  000  Tonnen 
für  Gaserzeugung  in  Grosstädten  verbraucht.  Der  elektrische  Strom  ist 
seit  mehr  als  einem  Jahrzehnt  als  Heizquelle  in  einzelnen  Wohnungen  in 
Grosstädten  eingeführt. 
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Im  Jahre  1913  hat  zum  ersten  Male  die  Firma  Kyoto  Dento  K.K.  die  Lie- 
ferung elekrischen  Stromes  als  Heizkraft  für  Wohnhäuser  aufgenommen. 
Im  April  1924  wurde  auf  Veranlassung  von  Elektrizitätswerken,  Stromver- 
brauchern, elektrotechnischen  Fachleuten  sowie  hervorragenden  Männern 
und  Frauen  ein  Verein  zur  Förderung  der  Anwendung  des  elektrischen  Stromes 
im  Haushalte  ("Katei  Denki  Hukyukai")  ins  Leben  gerufen.  Seitdem  hat 
der  Verein  die  Elektrifizierung  der  Haushaltswirtschaft  energisch  betrieben. 

Was  nun  Sitte  und  Gebrauch  der  Japaner,  sowie  ihre  Lebensführung  anbe- 
langt, so  verhält  es  sich  ganz  anders  als  bei  andern  Nationen.  Elektrische 
Heizapparate  im  Haushalte  gestalten  sich  deshalb  sehr  verschieden.  Als 
die  auffallendsten  gelten  unter  andern:  Kochherde,  Küchenöfen,  Bettheizgeräte 
"Kotatsu,"  Feuertöpfe  "Hibachi,"  Bügeleisen  für  japanische  Kleidungs- 
stücke, Badeöfen  und  dergleichen.  Betrachtet  man  die  gegenwärtige  Nach- 
frage nach  elektrischem  Strome  für  Haushaltszwecke,  so  beträgt  die  verein- 
barte Kapazität  insgesamt  130  000  kW,  von  denen  ein  einzelnes  Wohnhaus 
durchschnittlich  1,55  kW  verbraucht.  Der  Verbrauch  des  elektrischen 
Stromes  pro  kW  macht  monatlich  durchschnittlich  62  kWh  in  Sommer  und 
92  kWh  in  Winter  aus.  Bezüglich  des  Systems  der  Gebühren  für  Heizstrom 
im  Haushalte  findet  meistens  das  Minimumgebührensystem  Anwendung. 
Dabei  gilt  für  die  vereinbarte  Kapazität  pro  kW  etwa  6  kWh  als  Masstab, 
bei  welchem  die  Gebühr  für  1  kWh  Strom  4-5  Sen  beträgt.  Bei  gewissen 
Elektrizitätswerken  werden  Geräte,  Messer  usw.  auf  Wunsch  der  Kunden 
gegen  Entrichtung  von  Mietzinsen  vermietet.  Ferner  findet  in  Kyoto  und 
Nagoya  das  Doppeltarifsystem  Anwendung,  bei  dem  die  billigere  Gebühr 
für  späte  Nacht  gilt,  was  zur  Förderung  der  Elektrifizierung  der  Haushalts- 
wirtschaft sehr  beiträgt.  Nach  der  Statistik  Ende  1926  betrug  die  erzeugte 
Kraft  in  Japan  3,2  Millionen  kW,  wovon  680  000  kW.  für  elektrische  Be- 
leuchtung bestimmt  waren.  An  Lampen  waren  mehr  als  30  160  000  Stück 
in  Gebrauch,  und  elektrische  Beleuchtung  wurde  in  10  160  000  Häusern 
benutzt,  was  85%  der  gesamten  Häuserzahl  entspricht.  Die  elektrische 
Heizung  im  Haushalte,  die  erst  seit  5  Jahren  besteht,  hat  eine  auffallend 
rasche  Entwicklung  durchgemacht,  sodass  für  diesen  Zweck  schon  130  000 
kW  geliefert  werden.  In  ganz  Japan  machen  die  Wasserkräfte  14  090  000 
PS  aus,  wovon  erst  3  580  000  PS,  d.h.  25%,  zur  Stromerzeugung  ausgenützt 
werden.  Wir  sind  davon  fest  überzeugt,  dass  mit  der  Entwicklung  der 
Stromerzeugung  in  Zukunft  die  Verbreitung  der  elektrischen  Heizung  im 
Haushalte  immer  weiter  fortschreiten  wird. 
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Introduction 

Sweden,  having  an  area  almost  as  large  as  that  of  Germany,  is 
one  of  the  most  wooded  countries  in  Europe,  in  this  respect  being 
surpassed  only  by  Finland.  About  55  per  cent,  of  the  total  area 
of  Sweden  is  covered  with  forests,  while  the  corresponding  figure 
for  the  whole  of  Europe  is  only  slightly  over  25  per  cent.  As 
the  country  is  comparatively  deficient  in  other  kinds  of  fuel,  wood 
is  the  principal  household  fuel.  On  the  other  hand,  the  abundance 
of  wood  constitutes  the  main  foundation  of  an  extensive  wood- 
working and  wood-pulp  industry,  and  this,  in  turn,  gives  rise  to 
considerable  quantities  of  waste  wood.  These  circumstances 
may  serve  to  explain  the  coupling  together,  as  in  the  heading,  of 
two  subjects,  which,  in  a  certain  degree,  correspond  to  each  other, 
but  otherwise  have  little  in  common. 

I— DOMESTIC  FUEL 
Climatic  Condition  of  Sweden' 
The  great  extent  of  Sweden  lies  from  north  to  south,  across  nearly 
14  degrees  of  latitude;  and  the  fact  that  the  height  above  the 
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sea-level,  on  the  whole,  increases  towards  the  north,  as  well  as 
certain  other  geographical  conditions,  cause  considerable  differ- 
erences  in  the  temperature  in  different  parts  of  the  country.  Thus, 
the  mean  temperature  along  the  southern  coast  during  January  is 
about  -1°C.,  while  in  the  far  north  it  is  — 16°C.  A  district  along 
the  middle  of  the  western  border  reaches  — 13°C.  If  the  time 
during  which  the  mean  temperature  is  below  0°C.  (the  freezing 
point  of  water)  is  regarded  as  the  winter  season,  this  season  has 
a  duration  of  from  two  and  a  half  to  seven  months,  depending  on 
the  locality,  and  in  certain  years,  of  course^  it  may  be  still  longer. 

Even  the  smaller  of  these  figures  is,  however,  so  great  that  the 
methods  of  house  construction  are  comparatively  alike  the  whole 
country  over.  The  predominant  type  of  building,  especially  in 
the  rural  districts,  is  a  ruggedly-built  wooden  house.  The  re- 
quirements of  fuel  for  heating  purposes  are  necessarily  consider- 
able, all  the  more  as  the  temperature  of  the  rooms  is  kept  fairly 
high,  at  about  18°C. 

In  the  introduction  it  has  been  mentioned  that  the  Swedish 
forests  are  very  extensive.  They  are  also  comparatively  evenly 
distributed  over  the  whole  country.  All  the  twenty-four  pro- 
vinces, with  one  exception  only,  have  from  39  to  79  per  cent,  of 
their  area  covered  with  forests.  As  a  rule,  each  farm  has  a 
certain  area  of  forest  sufficient  to  supply  the  requirements  of  its 
household,  and  sometimes  even  more.  Under  these  circumstances 
it  is  natural  that  the  household  fuel  in  Sweden  for  the  main  part 
consists  of  wood.  Therefore^  the  iron  range  and  the  tile  stove 
are  the  fireplaces  in  predominant  use  to-day. 

The  range  is  used  for  cooking  and  baking  purposes  and  also  for 
heating  the  kitchen.  The  smoke  usually  passes  directly  to  the 
chimney,  for  which  reason  the  losses  must  be  comparatively  great. 
In  several  places  in  the  rural  districts  big  brick  ovens  of  an  older 
type  are  used  for  large  bakings. 

For  heating  rooms  the  tile  stove  is  the  predominant  type  of 
fireplace.  The  stove  has  no  grate.  The  gases  escape  through 
several  ascending  and  descending  channels,  which  makes  it  pos- 
sible to  keep  the  efficiency  relatively  high,  and  the  massive  brick- 
work gives  the  stove  a  very  good  accumulative  capacity. 

Statistics  of  Domestic  Requirements  of  Wood  Fuel 
(a)  Rural  Districts 
There  are  no  continuous  statistics  covering  the  consumption  of 
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fuel  for  household  use.  A  determination^  made  by  order  of  the 
Government,  of  the  consumption  of  wood  for  household  use  in 
the  rural  parts  of  Värmland,  a  province  of  central  Sweden,  how- 
ever, constitutes  a  good  basis  for  an  estimate.  This  investigation 
embraced  more  than  700  country  households  and  showed  a  mean 
consumption  of  fuel  per  normal  year  of  3.44  cubic  metres  per 
individual}  This  figure,  however,  varies  obviously  with  the 
winter  temperature,  but  in  the  areas  of  constant  temperature  the 
divergence  is  inconsiderable. 
As  no  further  data  of  the  same  kind  are  available,  the  next  point 
will  be  to  see  if  the  above-mentioned  figure,  which  applies  only  to 
a  small  district,  might  possibly  be  applicable,  with  or  without  ad- 
justment, for  the  whole  country.  It  must  first  be  taken  into  con- 
sideration that  the  great  differences  in  the  winter  temperature  do 
not  cause  as  great  variation  in  the  consumption  of  fuel  for  heating 
purposes  as  might  be  supposed.  It  has  been  proved  that  a  building 
in  the  coldest  district  should  consume  about  twice  as  much 
fuel  as  a  building  of  exactly  the  same  kind  in  the  warmest 
part  of  this  country,  provided  that  the  same  degree  of  temperature 
is  to  be  maintained  in  both  cases.  As  a  rule,  the  stability  in 
construction  is  increased  with  the  severity  of  the  climate,  but,  on 
the  other  hand,  it  is  necessary,  in  the  coldest  districts,  to  supply 
also  the  cowshed  and  the  stable  with  fireplaces.  As  a  great  deal 
of  the  total  fuel  consumption,  however,  is  used  for  cooking  and 
baking,  and  this  item,  of  course,  is  only  to  a  small  degree  in- 
fluenced by  the  geographical  location  of  the  place,  the  above- 
mentioned  ratio  of  2 :  1  must,  therefore,  be  considered  as  a 
maximum.  The  district  which  was  investigated,  it  is  true,  is 
situated  in  the  southern  half  of  the  country,  but  the  "centre  of 
gravity"  of  the  population  in  Sweden  lies  still  a  little  more  to  the 
south,  at  a  place  with  a  mean  temperature  for  January  of  only 
about  1°C.  higher  than  the  mean  temperature  for  the  same  month 
of  the  district  investigated.  Evidently,  with  regard  to  these  cir- 
cumstances, one  could  permit  the  figure  arrived  at,  namely,  3.44 
cubic  metres,  to  apply  as  an  average  for  the  entire  rural  districts 
of  Sweden.  However,  this  figure  is  possibly  a  trifle  too  high, 
especially  if  it  is  taken  into  consideration  that  the  investigated  dis- 
trict is  the  most  wooded  province  of  Sweden.  A  consequence  of  the 

1  Cubic  metres  firm  (or  solid)  measure,  here  and  throughout  this  paper.  It  is 
generally  taken  that  1  metric  ton  (2,205  lb.)  of  coal  equals  in  heating  value 
4  cubic  metres  of  wood  fuel. 
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latter  circumstance  is,  however,  that  the  quantities  of  wood 
arrived  at  in  the  investigation  actually  covered  the  total  require- 
ment of  fuel,  i.e.,  that  practically  no  other  fuel  was  used  (the 
investigation,  as  mentioned,  covered  the  consumption  of  wood 
for  different  purposes). 

(b)  Urban  Districts 

Hitherto  we  have  dealt  with  the  rural  population  proper,  a  very 
homogeneous  group  of  inhabitants.  Another  and  more  varied 
picture  is  presented  by  the  more  densely  populated  communities, 
such  as  the  towns,  industrial  centres^  etc.  As  far  as  these  places 
are  concerned,  the  result  of  an  official  investigation  regarding  the 
cost  of  living  in  such  places  is  now  available.  The  investigation 
in  question  is  based  upon  1,400  books  of  household  accounts 
carefully  kept  during  one  year,  distributed  over  the  whole 
country  and  referring  to  different  grades  of  income  among  the 
working  and  middle  classes.  Data  concerning  coal,  coke^  gas  and 
petroleum,  in  addition  to  wood,  are  included  in  these  accounts.  If 
all  these  fuels  be  calculated  on  the  basis  of  wood  equivalent  it  will 
be  found  that,  in  addition  to  the  geographical  variation,  there  is 
an  evident  variation  corresponding  to  the  different  grades  of 
income,  as  well  as  a  decidedly  smaller  consumption  in  the  towns 
than  in  the  country.  However,  in  all  these  respects  the  available 
material  must  be  considered  representative  enough  to  allow  the 
average  figure  transforrhed  into  its  equivalent  of  wood,  namely, 
2.02  cubic  metres  per  individual,  to  be  applicable  to  the  entire 
population  of  the  same  category. 

There  remains  for  consideration  only  the  highest  grades  of 
income,  and  these  may  be  expected  to  show  a  larger  actual  con- 
sumption. The  influence  exercised  by  this  group,  which,  however, 
is  very  insignificant  in  number,  must,  however,  be  considered  as 
oft'set  by  the  fact  that  the  labourers  included  in  the  above- 
mentioned  investigation  represent  an  income  that  is  rather  above 
than  below  the  average.  A  certain  small  under-rating  for  the 
coldest  region,  finally,  is  offset  by  the  rural  figure  arrived  at, 
which  is  possibly  a  trifle  too  high. 

Without  the  risk  of  too  large  errors,  it  can  be  taken  that  the 
average  figures  thus  obtained,  i.e.,  3.44  cubic  metres  per  individual 
in  the  rural  districts  and  2.02  cubic  metres  per  individual  in  the 
more  densely  populated  places,  can  be  reckoned  on.  The  great 
difference    in    amount    shown    by    these    two    groups    is    readily 
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explained  by  the  fact  that  the  country  people  have  more  spacious 
detached  dwellings,  that  they  do  the  baking,  washing,  etc.,  at 
home,  and,  finally,  that  they  get  the  wood  at  the  very  lowest 
price. 

Thus  we  now  have  to  divide  the  number  of  inhabitants  of 
Sweden,  about  6.1  millions,  into  the  two  groups  in  question.  In 
connection  with  the  census  in  1920,  a  division  of  the  towns  and 
communities  by  population  was  carried  out,  in  which  the  minimum 
was  fixed  at  300  individuals.  It  was  found  then  that  45  per  cent, 
of  the  total  population  lived  in  such  centres.  If,  therefore,  the 
same  percentage  (which  actually  is  increasing)  is  applied  to  the 
present  population,  one  obtains  a  figure  of  about  2.8  million 
individuals.  It  is  a  very  delicate  matter  to  attempt  to  draw  a  line 
between  these  two  groups.  However,  if  0.1  million  persons  are 
transferred  from  the  one  group  to  the  other,  the  final  result  will 
differ  only  by   1    per  cent. 

If  we  retain  the  division  just  mentioned,  we  shall  arrive  at  a 
total  consumption  of  fuel  for  households  which,  in  its  equivalence 
of  wood,  would  make  2.8x2.02  +  3.3x3.44=17  milhon  cubic 
metres,  and  this  corresponds  to  about  4.25  million  metric  tons  of 
coal. 

Consumption  of  Other  Fuels 

Though  household  fuel  in  the  greater  part  consists  of  wood, 
there  will,  however,  be  other  fuels,  in  smaller  quantities.  As  a 
rule,  the  solid  fuels,  mentioned  below,  can  also  be  used  in  kitchen 
ranges. 

Of  the  fuels  found  in  Sweden,  peat  is  to  be  obtained  in  large 
ciuantities  over  practically  the  whole  country.  Unfortunately, 
the  working  is  very  expensive,  and  it  is  only  under  the  most 
favourable  conditions  that  peat  can  compete  with  wood. 

Coal  is  mined  to  some  extent  in  the  extreme  south  of  Sweden 
and  in  such  districts  it  is  sometimes  used  as  household  fuel. 

Intense  effort  is  being  made  to  promote  the  use  of  electric  pozver, 
principally  for  cooking,  but  also  for  heating  purposes  in  the 
households.  Especially  in  the  suburbs  and  in  towns  without 
gasworks,  electric  power  for  cooking  has  gained  ground. 

Imported  fuels,  of  course,  are  of  much  greater  importance. 
Anthracite  is  used  for  heating  rooms  directly  by  means  of  iron 
stoves,  non-bituminous  coal  is  used  in  kitchen  ranges,  and  steam 
coal  in  the  larger  central  heating  systems,  whilst  coke,  from  the 
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gasworks  or  directly  imported,  is  used  in  the  majority  of  the 
central  heating  systems  and  in  iron  stoves.  Also  coal  and  lignite- 
briquettes  are  used.  In  the  towns,  numbering  about  forty,  which 
have  gasworks,  coal-gas  is  the  principal  fuel  for  cooking.  Finally, 
even  petroleum  has  a  certain  importance,  principally  for  cooking. 

To  state  what  part  of  the  total  requirement  of  household  fuels 
each  of  these  fuels  supply  is  a  rather  difficult  matter,  due  to  the 
absence  of  a  sufficiently  extensive  statistical  basis.  The  attempt 
at  a  division  made  below  cannot,  therefore,  be  expected  to  give 
anything  but  a  statement  of  the  proportions  of  the  different  fuels. 

Coal-gas  is  the  best  known  of  these  fuels.  It  is  estimated  that 
70  to  80  million  cubic  metres  of  the  total  distribution  of  120  to 
130  million  cubic  metres  is  consumed  by  the  domestic  users  almost 
entirely  for  heating  purposes.  In  view  of  the  several  times  greater 
efficiency  of  the  gas  range  as  compared  with  the  wood  stove,  this 
quantity  of  gas  corresponds  to  an  amount  of  solid  fuel,  which  in  its 
equivalent  of  coal  amounts  to  1.6  to  1.8  million  tons  (metric)  or 
about  4  per  cent,  of  the  total  requirement  of  household  fuel. 

Electric  power  is  as  yet  of  far  less  importance.  The  consump- 
tion for  heating  purposes,  however,  cannot  easily  be  separated 
from  the  predominant  consumption  for  lighting.  At  present,  one 
reckons  on  an  amount  of  10  million  kilowatt  hours.  Petroleum 
plays  a  very  insignificant  part.  Of  the  petroleum  imported,  which 
amounts  to  about  65,000  tons  (metric),  the  greater  part  is  used  for 
lighting  purposes.  The  consumption  of  both  these  fuels  for 
heating  purposes  in  the  households  is  together  undoubtedly  less 
than  1  per  cent,  of  the  total  requirement  of  household  fuel. 

As  to  peat,  there  is  an  estimate  which  indicates  its  part  of  the 
total  consumption  to  be  about  1  per  cent. 

Coal  is  the  next  fuel  to  be  considered.  As  a  matter  of  fact, 
nearly  the  whole  amount  of  anthracite  imported,  85,000  to  90,000 
tons  (metric),  is  considered  to  be  used  for  domestic  purposes.  As 
regards  coke,  the  production,  about  300,000  tons  (metric),  is  offset 
by  the  requirements  of  industry  and  about  one-half  of  the  coke 
imported,  which  amounts  to  about  700,000  tons  (metric),  may 
possibly  be  accounted  as  used  in  households.  A  corresponding 
investigation  for  other  kinds  of  coal  and  briquettes  would  show  a 
considerable  balance  of  which  no  exact  account  could  be  given, 
inasmuch  as  no  statistics  are  obtainable  for  navigation,  smaller 
industries,  handicrafts  and  several  other  consumers.  Therefore, 
we  must  be  satisfied  with  a  rough  estimation  of  the  household 
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consumption  at,  possibly,  100,000  metric  tons.  Thus,  the  total 
requirements  of  coal  fuel  would  arhount  to  about  550,000  metric 
tons  or  13  per  cent,  of  the  entire  consumption  of  household  fuel. 

There  is,  consequently,  a  dilïerence  of  81  per  cent,  to  be 
accounted  for  by  wood  fuel.  In  estimations  previously  made, 
figures  varying  between  70  and  80  per  cent,  have  been  arrived  at. 
but  in  that  case  other  consumers  than  the  households  have  been 
included,  such  as  small  industries,  handicrafts,  commerce,  and 
official  institutions,  all  of  which  use  comparatively  less  wood  fuel 
than  the  households. 

Summary 

It  might  be  of  interest  to  make  a  comparison  of  the  figures 
arrived  at  above  and  those  obtained  in  the  investigation  covering 
the  towns  and  communities.  Granted  that  our  suppositions  are 
fairly  correct,  the  distribution  for  the  rural  districts  thus  ob- 
tained should  not  appear  too  improbable.  The  comparative  table 
is  as  follows  :  — 

TABLE    SHOWING   THE    DOMESTIC   CONSUMPTION 

OF  VARIOUS    KINDS    OF    FUELS    IN    SWEDEN. 

(CALCULATED    AS   COAL   EQUIVALENT) 


Total 
consumption. 

Consumption  in 
towns,  etc. 

Consumption  in 
rural  districts. 

Millions  of 
tons. 

Per  cent. 

Millions  of 
tons 

Per  cent. 

Millions  of 
tons. 

Per  cent. 

Gas       

017 

4 

0-12 

8 

(0-05) 

(2) 

Petroleum 
{+ electricity) 

(0-03)     :       1 

001 

1 

002 

1 

Peat     

0-04                  1 

— 

— 

0-04 

1 

Coal      

! 

!        0-55                13 

0-24 

17 

0-31 

11 

Wood    

3-46               81 

104               74 

2-42 

85 

!        4-25 

100 

1-41              100 

2-84 

100 

There  are  no  obvious  absurdities  in  this  table,  except  for  gas, 
which  is  not  used  at  all  in  the  rural  districts.  It  might  possibly  be 
considered  that  a  little  more  of  the  coal  ought  to  go  to  the  towns 
and  less  to  the  rural  districts. 

However,  without  the  risk  of  making  too  large  errors,  we  can 
evidently  count  on  a  consumption  of  household  fuel  in  Sweden, 
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as  its  equivalent  of  coal,  amounting  to  about  4.25  million  tons 
(metric)  with  approximately  the  following  distribution  :  — 

Coal  gas        4  per  cent. 

Petroleum  and  electricity  ...  1         „ 

Peat                1 

Coal               ...         ...         ...  13         „ 

Wood            81 

II_WASTE  WOOD  UTILISATION 

The  amount  of  timber  cut  annually  in  the  Swedish  forests  is 
estimated  at  about  45  million  cubic  metres,  including  bark  but 
excluding  branches,  twigs,  and  other  sorts  of  waste,  which  to 
some  extent  is  used  as  fuel.  About  one-third  of  the  timber  cut 
is  considered  to  be  consumed  in  the  households,  in  the  widest 
sense  of  the  word.  About  the  same  amount  is  required  as  raw 
material  by  the  wood-working  industry,  and  a  further  one-sixth 
(approximately)  by  the  wood-pulp  industry.  Taken  together, 
these  two  industries  consume  about  half  of  the  timber  taken  from 
the  forests.  It  is  evident  that  this  will  give  rise  to  large  quantities 
of  waste  wood.  The  way  in  which  this  waste  wood  is  utilised 
will  be  described  briefly  below. 

Statistics  of  Waste  Wood  Production 

Of  the  four  to  five  thousand  sawmills  and  planing-mills  of 
Sweden  the  greater  number  is  intended  to  supply  only  the  require- 
ments of  the  owner  himself  and  neighbouring  district.  The 
waste  wood  from  these  small  plants  is  used  either  for  the  opera- 
tion of  the  mill,  for  other  local  requirements,  or  it  is  thrown  away. 
About  1,200  mills  are  of  sufficient  importance  to  be  included  in 
the  ofifiicial  statistics.  These  mills  produce  5  to  5^  million  cubic 
metres  of  sawn  deals  and  boards,  some  of  which  are  planed.  The 
output  of  planed  boards  amounts  to  about  1.6  million  cubic  metres. 

From  statistics  given  by  medium  sized  and  larger  sawmills 
it  has  been  found  that  for  each  cubic  metre  of  sawn  deals,  etc.,  the 
consumption  of  wood  amounts  to  2.04  cubic  metres.  Of  this 
quantity,  49  per  cent,  is  thus  obtained  in  the  form  of  deals,  etc., 
while  6  per  cent,  becomes  splitwood,  slating,  battens,  laths_.  staves, 
etc.,  10  per  cent,  becomes  sawdust,  30  per  cent,  other  kinds  of 
waste  (slab  wood,  chopped  wood,  and  so  on),  and  5  per  cent, 
shrinks  away.  In  the  planing  about  0.2  cubic  metres  of  shavings 
are  obtained  per  cubic  metre  of  planed  goods. 
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If  we  calculate  on  an  average  production  of  5.25  million  cubic 
metres  of  sawn  deals,  etc.,  the  following  quantities  of  waste  will 
thus  be  obtained  in  the   wood-working  industry  : — 

Sawdust,  0.1x5.25x2.04=1.07  million  cubic  metres. 
Other  waste,  0.3  x  5.25  x  2.04=3.21  million  cubic  metres. 
Shavings,  0.2x1.6=0.32  million  cubic  metres. 
The  total  is  4.60  million  cubic  metres  or  43  per  cent,  of  the  whole 
quantity  of  raw  material. 

Waste  Wood  Utilisation 

How,  then,  are  these  large  quantities  of  waste  utilised  ?  Formerly 
they  were  generally  regarded  as  an  unavoidable  evil.  That  waste 
which  was  not  used  by  the  steam  plants  (which  plants,  however, 
consumed  very  much  fuel)  was  in  many  places  burnt  in  special 
ovens  for  no  useful  purpose.  To-day,  the  wood-pulp  industry  is  a 
large  consumer  of  the  waste  from  the  sawmills,  partly  as  raw 
material  for  the  production  of  sulphate-pulp,  but  principally  as 
fuel.  These  conditions  are  facilitated  by  the  fact  that  the  sawmills 
and  the  wood-pulp  mills  very  often  are  located  close  to  each  other, 
and  in  many  cases  they  are  under  the  same  management.  Other  im- 
portant fields  of  use  are  for  charcoal  manufacture  and  as  house- 
hold fuel. 

In  consequence  of  the  increased  demand  for  waste  wood  a  large 
number  of  sawmills  and  planing  mills  are  now  operated  by 
electricity,  all  the  waste  wood  being  sold.  About  one-fifth  of  the 
total  power  requirements  appears  to  be  supplied  in  this  way. 

It  is  possible,  from  investigations  previously  made,  to  determine 
in  broad  outline  the  distribution  of  the  waste  wood,  as  calculated 
above,  with  reference  to  the  different  purposes  for  which  it  is 
utilised.  Thus,  with  a  certain  degree  of  probability,  it  may  be 
assumed  that  about  1.4  million  cubic  metres  are  utilised  as  fuel 
for  the  operation  of  the  mills.  For  this  purpose  above  all  the  saw- 
dust and  the  shavings  are  used,  these  two  kinds  of  waste  being  the 
most  difficult  to  sell. 

About  0.6  million  cubic  metres  constitutes  the  raw  material  for 
charcoal  manufacture,  and  about  0.4  million  cubic  metres  for  the 
sulphate-pulp  mills.  Households  seem  to  consume  about  O.S 
million  cubic  metres.  The  remaining  quantity,  or  about  1.4  million 
cubic  metres,  can  be  assumed  to  be  used  for  industrial  steam 
boiler  plants,  especially  in  the  wood-pulp  industry. 
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A  large  quantity,  amounting  to  about  one  million  cubic  metres, 
consists  of  bark  waste  obtained  in  the  wood-pulp  industry.     The 
■  greater  part  of  this  is  used  as  fuel  in  the  mills. 

Possible  Improvements  in  Waste  Wood  Utilisation 

Although  practically  all  the  waste  wood  is  thus  utilised  nowadays, 
it  cannot  but  be  considered  that  the  greater  part  of  it  could  be 
used  for  better  purposes  than  is  at  present  the  case.  However, 
decided  efforts  are  being  made  to  find  more  satisfactory  means  of 
utilising  the  waste  wood. 

The  greater  part  of  the  charcoal  is  still  produced  without  any  of 
the  valuable  by-products  being  saved.  Improved  methods  in  this 
respect,  however,  are  now  the  subject  for  investigations. 

Investigations  are  also  being  carried  out  with  a  view  to  producing 
oil  from  wood  and  waste  wood. 

The  saccharification  of  waste  wood,  especially  sawdust,  is  another 
alternative,  which  seems  in  the  main  to  have  been  solved 
technically. 


ZUSAMMENFASSUNG 

Der  jährliche  Verbrauch  an  Haushaltsbrennstoffen  in  Schweden  entspricht 
schätzungsweise  etwa  4,2  Millionen  t  Kohle.  Da  das  Land  reich  an  Wäldern, 
aber  arm  an  andern  Brennstoffen  ist,  besteht  der  grösste  Teil,  etwa  8 1  %,  der 
HaushaltsbrennstofiEe  aus  Holz,  etwa  13%  aus  Kohle,  4%  aus  Gas,  1%  aus 
Torf,  während  Elektrizität  und  Petroleum  zusammen  höchstens  1  %  aus- 
machen. 

Die  ausgedehnten  Holz-  und  Zellstoffindustrien  erzeugen  grosse  Mengen 
Abf allholz.  So  wird  geschätzt,  dass  die  Holzindustrie  etwa  4,6  Millionen 
Festmeter  Abf  allholz  erzeugt,  wovon  1 ,  4  Millionen  Festmeter  als  Brennstoff  in 
den  Sägemühlen  dienen. 

0,6  Millionen  Festmeter  werden  zur  Herstellung  von  Holzkohlen  und  0,8 
Millionen  Festmeter  als  Rohmaterial  in  Sulfatzellstoff fabi iken  verwendet. 
Als  Haushaltsbrennstoff  werden  etwa  0,8  Millionen  Festmeter  verbraucht. 
Die  verbleibenden  1,4  Millionen  Festmeter  dienen  grösstenteils  als  Brennstoff 
in   der  Industrie,  und  zwar  besonders  in  den  Zellstoff fabriken. 

In  der  Zellstoffindustrie  wird  beim  Schälen  der  Baumstämme  etwa  1  Million 
Festmeter  Abfall  erhalten,  der  hauptsächlich  als  Brennstoff  in  Mühlen 
verwendet  wird. 

Gegenwärtig  sind  Versuche  im  Gang  zwecks  besserer  Verwendung  der 
Holzabfälle. 
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Introduction 

For  domestic  electrification  to  be  successful  it  is  necessary 
that  the  construction  and  finish  of  household  electrical  apparatus 
should  be  as  suitable  for  use  in  the  home  as  possible.  To  assist 
in  attaining  this  standard,  and  in  view  of  the  increasing  domestic 
use  of  electricity  in  Sweden,  the  Royal  Waterpower  Board  has 
instructed  the  Electric  Heating  Institute  (a  department  of  the 
Royal  Swedish  Institute  for  Scientific  and  Industrial  Research)  to 
carry  out  systematic  tests  of  the  chief  domestic  electric  appHances. 
This  investigation  has  had  two  aims;  firstly  to  ascertain  what 
demands  the  pubhc  may  reasonably  make  of  high-class  apparatus, 
and  secondly  to-  discover  the  extent  to  which  appHances  now  in 
use  comply  with  such  demands  and  what  improvements  in  them 
are  possible.  The  Electric  Heating  Institute  have  so  far  only  tested 
in  their  laboratory  direct-acting  cooking  plates,  and  the  results 
of  these  tests  are  set  out  in  this  paper.  Other  apparatus — ovens, 
water-heaters,  etc. — will  be  investigated  later. 

This  paper  contains  a  technical  analysis  of  the  operation  of  electric 
cooking  plates,  together  with  the  inferences  made  regarding  suitable 
methods  of  construction.  It  is,  however,  also  intended  to  serve 
as  a  foundation  for  the  work  of  fixing  standards  for  the  testing  and 
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rating  of  different  electric  cooking  plates,  a  task  that  has  already 
been  commenced  by  the  committee  of  the  Standards  Commission 
of  the  Federation  of  Swedish  Industries  that  handles  electric  house- 
hold equipment. 

Meaning  of  the  term  "Efficiency" 

In  discussions  on  electric  cooking  the  statement  is  often  encoun- 
tered that  an  electric  cooking  range  has  a  certain  average  "efficiency." 
Such  statements  are  of  no  value,  as  no  electric  cooking  range  (or  any 
other  kind  of  range)  has  any  standard  rate  of  efficiency  for  all  its 
varied  functions,  such  as  bringing  to  boil,  continued  boihng,  roasting, 
baking,  etc.  Obviously  the  conditions  and  efficiencies  will  be 
entirely  different  for  each  type  of  operation.  A  fixed  rate  of 
efficiency  would,  therefore,  be  dependent  on  the  proportion  in  which 
these  different  methods  of  cooking  were  used;  and  this,  naturally, 
varies  greatly  in  different  cases.  Further,  for  many  of  the  functions 
of  a  range  it  is  hardly  possible  to  speak  of  a  definite  efficiency,  as 
in  the  case,  for  example,  of  baking,  of  roasting  in  the  oven,  etc. 
With  regard,  however,  to  one  particular  part  of  a  range — the  cooking 
plate — no  great  difficulty  is  experienced  in  conceiving  and  even 
measuring  a  rate  of  efficiency.  In  order  to  get  an  idea  of  the  pro- 
perties of  a  cooking  plate  it  is  not  necessary  to  estabhsh  any  average 
efficiency.  An  investigation  of  the  properties  displayed  in  heating 
water  will  be  sufficient. 

The  efficiency  is  generally  defined  as  the  relation  between  the  power 
utilised  and  the  power  supplied.  It  is  possible  to  use  the  samx 
definition  with  regard  to  the  heating  of  water  on  an  electric  cooking 
plate.  Here,  however,  we  encounter  a  new  difficulty,  namely, 
the  defining  of  the  utiHsed  power  of  volume  of  heat.  The  power 
suppHed  to  the  cooking  plate  is  distributed  in  the  following  ways: — 

(1)  Increase  of  the  heat  content  of  the  water. 

(2)  Increase  of  the  heat  content  of  the  cooking  vessel. 

(3)  Radiation  from  the  vessel. 

(4)  Radiation  from  the  cooking  plate. 

(5)  Increase  in  the  heat  content  of  the  cooking  plate. 
Radiation  in  this  case  covers  the  total  loss  of  heat  through  radiation, 

convection  and  conduction. 

In  the  following  description  the  direct  diversion  of  heat  to  the 
cooking  plate  support  is  not  taken  into  account,  inasmuch  as  this 
support  may  without  difficulty  be  made  of  some  heat-insulating 
material,  whereby  the  diversion  of  heat  in  this  way  ma}^  be  reduced 
to  a  neghgible  quantity. 
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We  will  now  consider  which  of  the  above-mentioned  items  may  be 
regarded  as  utilised  heat  and  which  as  lost  heat.  It  is  evident  at 
once  that  the  radiation  from  the  cooking  plate  must  be  regarded 
as  a  loss.  It  is  more  difficult  to  decide  to  which  category  the  in- 
crease in  the  heat  content  of  the  cooking  plate  is  to  be  referred. 
The  heat  that  has  accumulated  in  the  cooking  plate  may  be  utilised, 
at  least  in  part,  by,  for  example,  switching  off  the  current  before 
the  water  has  reached  the  temperature  intended,  the  additional 
heat  required  then  being  supplied  by  the  plate,  while  the  tempera- 
ture of  the  latter  (which  is  appreciably  higher  than  that  of  the  water) , 
decreases. 

Alternatively,  when  the  water  has  reached  the  temperature  required 
the  current  may  be  switched  off,  the  vessel  removed,  and  another 
vessel  containing  cold  water  put  in  its  place,  the  latter  vessel  then 
being  heated  by  the  heat  accumulated  in  the  plate.  Both  these 
methods  are  usually  employed  in  practice.  But  by  these 
methods  it  is,  of  course,  not  possible  to  utilise  all  the  heat  that  has 
accumulated  in  the  cooking  plate.  In  order  to  obtain  an  exact 
result  it  has,  consequently,  appeared  necessary  to  consider  the 
efficiency  under  two  conditions:  firstly,  heating  on  a  plate  that  is 
cold  at  the  outset,  in  which  case  the  increase  in  the  heat  accumulated 
in  the  plate  is  included  in  the  losses;  and  secondly,  heating  on  a 
plate  that  is  already  hot  at  the  outset,  in  which  case  the  heat 
accumulated  in  the  plate  will  not  be  increased  and  will,  therefore, 
exercise  no  influence  on  the  determination  of  the  efficiency. 

The  heat  absorbed  by  the  water  itself  is,  of  course,  utilised.  But 
in  what  category  is  the  radiation  from  the  boiling  vessel  and  the 
increase  in  its  content  heat  to  be  included?  At  a  first  glance  it 
seems  that  this  amount  of  heat  undoubtedly  should  be  included  in 
the  losses,  as  it  will  not  be  of  any  use  to  the  future  user  of  the  plate 
and  the  vessel.  But  the  manufacturers  of  cooking  plates  will  assert 
that  the  efficiency  of  a  cooking  plate  is  in  no  way  influenced  by  the 
nature  of  the  vessel  used.  They  want  to  consider  all  the  heat  that 
passes  through  the  upper  surface  of  the  cooking  plate  to  the  recep- 
tacle as  useful  heat.  Both  these  different  points  of  view  may  be 
considered  correct.  Both  alternatives  should,  therefore,  be  taken 
into  account,  i.e.,  both  the  efficiency  of  the  entire  boiling  aggregate 
(the  cooking  plate  plus  the  vessel),  as  it  is  this  that  chiefly  interests 
the  public;  and  also  the  efficiency  of  the  cooking  plate  only,  as  this 
decides  the  respective  merits  of  two  different  makes.  It  has 
proved  impossible,  however,  to  determine  the  latter  efficiency  in  a 
simple  way,  inasmuch  as  the  transfer  of  heat  from  the  cooking  plate 
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Fig.  I.  The  power  efficiency  of  an  electric  cooking  plate  at  different  instants  during  the  heating  of  water,  and  using difïerent  power  values. 

Li,— To  lut  pK<  !■'' 


SWEDEN:  ELECTRIC  COOKING  PLATES 

to  the  vessel  depends  not  only  on  the  nature  of  the  plate  itself  but 
also  on  that  of  the  vessel.  It  has,  therefore,  been  thought  best  to 
limit  the  investigation  so  that  it  covers  only  the  efficiency  of  the 
entire  boiling  aggregate  (cooking  plate  plus  vessel),  which,  although 
of  less  interest  theoretically,  is  of  greater  importance  from  a  practical 
point  of  view.  This  efficiency  is  shown  in  the  diagrams.  Fig.  1, 
which  trace  the  course  of  development  when  heating  1  kilogram 
of  water  from  20  to  95  degrees  centigrade  by  means  of  an  aggregate 
consisting  of  a  cooking  plate  with  a  diameter  of  18  centimetres  and 
an  aluminium  vessel  of  the  same  diameter  and  weighing  890  grams 
including  lid  and  stirring  rod.  The  four  diagrams  are  drawn  for 
four  different  rates  of  power:  908,  480,  278-7  and  142-8  W.  The 
curves  show  primarily  the  increase  in  the  temperature  of  the  water 
as  a  function  of  the  time,  and  from  these  are  derived  the  graphs  of 
power  absorbed  by  the  water  and  power-efficiency  at  any  instant. 

The  diagrams  in  Fig.  1  show  that  the  four  efficiency  curves  differ 
greatly  from  one  another,  and  it  is  therefore  evident  that  it  will  not 
suffice  to  give  only  one  rate  of  power-efficiency  for  a  certain  com- 
bination of  a  plate  and  a  boiling  vessel.  To  practical  users  of  cook- 
ing plates,  however,  it  is  not  the  power-efficiency  but  the  energy- 
efficiency  that  is  of  interest.  The  investigations  now  made  have 
accordingly  covered  principally  the  latter  question.  In  this  way 
it  is  not  only  possible  to  comply  with  the  customer's  point  of  view, 
as  explained  above,  but  a  simpler  and  clearer  presentation  of  the 
results  will  also  be  obtained. 

The  energy-efficiency  when  heating  water  in  an  aggregate  con- 
sisting of  a  cooking  plate  and  a  vessel  is  defined  as  the  relation 
between  the  increase  in  the  water's  content  of  heat  for  a  certain  rise  of 
temperature  and  the  energy  supplied  to  the  plate  during  the  time  that 
the  raising  of  the  temperature  takes  place. 

Determination  of  Efficiency 

Over  what  range  of  temperature-rise  should  the  efficiency  be  taken? 
Preliminary  tests  were  made  which  showed  that  there  was  no 
physical  ground  for  selecting  any  particular  range.  For  practical 
reasons,  however,  to  make  the  conditions  approximate  closely  to 
those  of  actual  use,  the  temperature  of  the  water  should  be  brought 
as  near  as  possible  to  boiling  point,  only  guarding  against  inac- 
curacy due  to  evaporation.  In  all  cases,  therefore,  the  water  was 
heated  from  20°C.  to  95°C.,  at  which  latter  temperature  check 
measurements  show  the  evaporation  errors  (with  a  suitably  con- 
structed vessel  and  lid) ,  to  be  less  than  •  1  per  cent. 
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A  further  factor  influencing  tlie  final  result  is  the  quantity  of  water 
heated  in  the  test.  One  proposal  is  that  in  determinations  of 
efficiency  of  this  nature  the  standard  quantity  of  water  should  be 
in  Htres,  three  times  the  rated  power  of  the  boihng-plate,  in  kilo- 
watts. The  arbitrary  and  unsatisfactory  nature  of  this  proposed 
rule  is  illustrated  by  Fig.  2,  where  the  two  curves  refer  to  the  two 

/OOr- 


70 

GO 

o 

o 

50 

20 
/O 


A 

?  cm 

f  ^ 

;^--^ 

.^ 

^ 

K 

<-- 

"* 

> 

\. 

e  cm 

/ 

/'■ 

f 

/ 

// 

1 

Fig.  2. 


/  Z  3  ^     litres 

Volume  of  water. 

18  cm.  ^=  Smaller  plate.  22  cm.   ^=  Larger  plate. 

The  efficiency  of  cooking  plates  heating  different  volumes  of  water 
with   the   plate   cold   at  the   outset. 


plates  of  a  double  cooking  plate,  one  with  825  W.  and  a  diameter 
of  18  cm.,  and  the  other  with  1,220  W.  and  a  diameter  of  22  cm., 
but  in  other  respects,  with  similar  arrangements  for  both  plates. 
According  to  this  rule  the  tests  with  the  smaller  plate  should  be 
performed  with  2-5  litres  of  water  and  for  the  larger  plate  with 
3-65  litres.  The  efficiencies  in  this  case  would  be  59  and  61  per  cent., 
respectively,  i.e.,  the  test  would  have  shown  the  larger  plate  to  have 
the  higher  efficiency.     A  glance  at  the  diagram,  however,  shows 
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immediately  that  the  contrary  is  actually  the  case,  the  efficiency 
curve  for  the  smaller  plate  being  constantly  above  that  for  the  larger 
one.  In  order  to  make  possible  a  comparison  between  the  efficiency 
of  different  cooking  plates  it  is,  according  to  our  opinion,  necessary 
to  perform  the  tests  with  a  number  of  different  volumes  of  water, 
so  that  a  diagram  similar  to  the  one  in  Fig.  2  may  be  constructed. 

Time  of  Heating 

There  is  another  factor,  in  addition  to  its  efficiency,  that  is  of 
importance  when  judging  the  performance  of  a  cooking  plate, 
and  that  is  the  time  required  for  heating.  The  time  of  heating  can, 
of  course,  be  reduced  by  increasing  the  rate  of  power  supplied  to 
the  plate.  But  the  temperature  of  the  plate  is  thus  increased  and 
thereby  also  the  heat  accumulated  in  the  plate,  and  this,  as  described 
above,  involves  a  loss  and  a  lowering  of  the  efficiency.  An  increase 
of  the  power  is,  consequently,  a  two-edged  weapon,  and  it  is  evident 
that  in  this  case  some  mean  must  be  selected.  In  order  to  determine 
the  relation  between  the  power,  the  efficiency,  and  the  time  required 
for  heating,  a  series  of  tests  have  been  performed  with  different 
types  of  cooking  plates  and  varying  rates  of  power.  By  the  tir>ie  of 
heating,  we  mean  the  time  required  to  raise  the  temperature  of  a 
certain  volume  of  water  from  2Ü°C.  to  95°C.  Since  these  tests  have 
been  carried  out  on  entirely  new  principles,  they  will  be  described 
in  comparative  detail,  at  the  risk  of  the  description  appearing,  from 
a  layman's  point  of  view,  somewhat  crowded  with  details. 

The  Relation  between  Power,  Efficiency,  and  Time  of 
Heating 

In  order  to  get  a  clear  picture  of  the  relations  between  the  different 
amounts  of  heat  involved  in  the  case  of  an  aggregate  consisting  of  a 
plate  and  a  vessel,  and  for  a  different  rate  of  power,  it  is  first  neces- 
sary to  measure  these  different  amounts  of  heat.  As  we  were  not 
acquainted  with  any  suitable  method  of  making  these  measurements, 
it  was  necessary  for  us  to  work  out  a  new  one,  a  description  of  which, 
as  well  as  of  the  results  obtained  with  it,  is  given  below. 

Fig.  3  shows  the  distribution  of  energy,  at  various  rates  of  supply 
of  power,  in  a  cooking  plate  with  enclosed  resistance  coils,  used 
for  heating  1  Htre  of  water  from  20''C.  to  95°C.  in  a  closed  aluminium 
vessel.  The  diameter  of  the  iron  top  of  this  plate  was  18-5  cm.  and 
the  power  rating  was  900  W.  The  cooking  vessel  was  18  cm.  in 
diameter  and  7-5  cm.  high,  weighing  850  grammes  complete  with 
lid  and  stirring-rod.     The  whole  arrangement  is  shown  in  Fig.  4. 
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The  amounts  of  energy  represented  by  the  heat  absorbed  by  the 
water  and  the  boiUng  vessel  respectively  during  the  process  of 
heating,  are  directly  proportional  to  the  rise  in  temperature,  and 
as  this  rise  is  the  same  in  all  cases,  these  amounts  will,  consequently, 
be  equal  for  all  different  rates  of  power.  The  addition  of  heat  to 
the  water  is  the  product  of  the  weight  of  the  water  and  the  increase 


Kilogram- 
calorie- 


^4 

^ 

'/l 

! 

1 
1 

\ 

1 

1 

1 

\ 

1 

\ 

c 

> 

■»», 

1 
— |— f 

--A 

77//I 

0^7- 

snc 

ry/ 

- 

[.   ! 

1 

— h' 

/ 

. 

1 

\ 

1 
1 

1 
1 

fv    f 

7/a/icrt  , 

jfs^ôAxi 

cncrg/  | 

1 

\ 

1 

1 
1    - 

^^ 

><7/>^  a 

zAuin.  aicrg 

1 
1 

1    1 

^ 

1 

1 

1 

1 

\ 

1 
1 

■ — 

/ — 

%   ■ 

Ixr-Ài/    u 

V/T  Vac/ 

e/Tcy/  1 

1 

— r 

\ 

1 

^^ 

Aörk/  c 

■cAxjm  c/rxy-Q'       \ 

\ 

1:1 

1 

1 

i 

i 

\ 

1 

1 

/r.rA 

n/n 

l^Q 

■xx/ 

1 

1 

\ 
\ 

1 

— 

/; 

T    ' 

1 

i 

/ 

-^ 

\ 

1 
1 

-      Vfy 

/niVr 

irJ 

■x^t. 

<rr,.t 

nor 

— t— 

V       1 

f 

1  X 
1   !    -•. 

1 

1 

\l 

1   1 

1  ; 

^^ 

->- 

.     1 

1 

orr) 

r-nc 

<sf70 

1 
1 

1 
1 

'~c. 

■~- 









1 

1 

1 

1 

1 

:ioo        4oo 


nkin,   pi,, 


Tillford  energi=  Energy  supplied. 

Av  plattan   utstrâlad   energi=  Energy   radiated   from   plate. 

Av  plattan   ackum.   energi=  Energy  accumulated   by  plate. 

Av  kärlet  utstrâlad  energi  =  Energy  radiated  from  vessel. 

Av   kärlet   ackum.   energi  =  Energy   accumulated   by  vessel. 

Verkningsgrad  =  Efficiency. 

Av  vattnet  ackum.  energi  =  Energy  accumulated  by  water. 

Uppvärmningstid  =  Heating  time. 

Fig.  3.     Distribution  of  energy  and  efficiency,  when  heating  water  on  a  plate 
cold   at   the   outset,    for   different   power   values. 

in  the  temperature  (in  this  case  1  Kg.  and  75 °C.  respectively— 
75  Kg.  calories).  The  addition  of  heat  to  the  boihng  vessel  is 
calculated  by  means  of  the  water  equivalent  of  the  vessel  and  the 
rise  in  temperature.  In  doing  this  it  has  been  assumed  that  the 
entire  vessel  reaches  the  same  temperature  as  the  water,  an  approxi- 
mation which,  in  the  case  of  vessels  of  aluminium,  copper  or  brass, 
introduces  no  appreciable  error. 
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In  order  to  determine  the  amounts  of  energy  corresponding  to 
the  radiation  from  the  boiling  vessel,  the  radiation  from  the  cooking 
plate,  and  the  heat  absorbed  by  the  cooking  plate,  respectively, 
which  vary  with  the  supply  of  power,  the  course  of  the  heating 
process  was  first  investigated  for  certain  rates  of  power. 

For  this  purpose  the  boiling  vessel  described  above  was  used,  as 
well  as  a  cooking  plate  with  an  iron  hearth  of  18  cm.  diameter  and 
with  the  resistance  coils  fixed  to  the  underside  of  the  hearth  by 
means  of  cement;     the  total  thickness  of  the  plate  (including  the 


Fig.  4.     The  arrangement  used  for  the  tests. 

layer  of  cement),  was  1-3  cm.,  and  the  support  was  made  in  the 
shape  of  a  black-lacquered  bowl  of  sheet  iron  with  the  edge  pressed 
against  the  hearth  without  any  intermediate  heat-insulating  material. 
The  total  weight  of  the  cooking  plate  was  2-107  Kg.  and  its 
normal  rate  of  power  was  908  W.  In  the  following,  this  plate  will 
be  indicated  by  A.  Similar  tests  were  performed  with  plates  of 
different  construction,  to  which  reference  will  be  made  further  on. 
The  temperature  of  the  water,  as  a  function  of  the  time,  was 
determined  for  four  different  rates  of  power  and  plotted  in  curves 
similar  to  those  shown  in  Fig.  1 . 
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In  order  to  determine  with  the  aid  of  these  curves  the  radiation 
of  the  boihng  vessel,  the  following  test  was  performed.  The  vessel, 
containing  1  Kg.  of  water,  was  heated  to  nearly  100°C.  and  then 
placed  on  a  heat-insulating  support  of  so  low  a  specific  heat  that  the 
transmission  of  heat  from  the  vessel  to  the  support  may  be  entirely 
ignored.  During  the  time  of  cooling  the  temperature  of  the  water 
was  measured  and  plotted  as  a  function  of  the  time. 

From  this  cooling  curve^  the  rate  of  radiation,  in  watts,  at  any 
given  temperature  was  found.  This  information,  in  conjunction 
with  the  temperature-time  curves,  enabled  the  total  energy  radiated 
during  the  heating  operation  at  each  rate  of  power  supply  to  be 
calculated  and  plotted  (in  Fig.  3). 

The  amounts  of  energy  that  have  been  suppHed  to  the  plate  during 
the  heating  of  the  water  from  20°C.  to  95°C.  with  the  four  different 
rates  of  power  are  determined  from  the  average  rate  of  power 
(which  has  been  measured) ,  and  the  time  of  heating.  These  values 
are  plotted  to  give  the  curve  of  energy  supphed  as  a  function  of  the 
rate  of  supply  of  power. 

If  the  total  of  the  energy  absorbed  by  the  water  and  the  vessel 
and  that  radiated  from  the  vessel  at  a  certain  rate  of  power  is  sub- 
tracted from  the  energy  supphed  corresponding  to  the  same  rate  of 
power,  a  remainder  will  be  obtained  which  is  composed  of  the  energy 
absorbed  by  the  cooking  plate  and  the  energy  that  has  radiated 
from  the  cooking  plate  during  the  heating.  The  former  of  these 
amounts  of  energy  is  determined  in  the  following  manner. 

When,  in  the  heating  tests,  the  water  has  reached  a  temperature 
of  95°C.,  the  boihng  vessel  is  lifted  off  the  plate  and  the  current 
is  switched  off.  With  the  least  possible  loss  of  time  a  special 
measuring  vessel,  the  construction  of  which  is  shown  in  Fig.  5,  is 
placed  on  the  plate. 

In  Fig.  5  the  letter  a  indicates  a  thick  plate  of  metal  with  the 
underside  as  nearly  plane  as  possible.  A  hood,  b,  is  soldered  to  it, 
and  this  hood  has  a  water  intake  c,  and  two  water  outlets,  d,  d. 
The  tube  c  extends  down  toward  the  plate  a  and  is  equipped  with  a 
spreader  plate  e,  which  distributes  the  inflowing  water  over  the 
upper  surface  of  the  plate.  From  the  cold-water  petcock,  /,  the 
water  is  conducted  through  a  receptacle,  g,  where  its  temperature 
may  be  measured  with  the  thermometer  t^.     From  g  the  water 

^This  curve  was  found  by  experiment  to  be  the  same  for  any  given  vessel, 
whatever  the  quantity  of  water  in  the  vessel,  within  reasonable  limits. 
From  this  it  follows  that  to  obtain  the  highest  efficiency  in  the  electric 
kitchen,  the  vessel  used  should  be  the  smallest  which  will  hold  the  food 
to  be  cooked. 
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Fig.  5.     Apparatus  for  measuring  the  energy  accumulated  in  a  cookmg  plate 
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Fig.  5a.     Receptacle  for  measuring  the  energy  accumulated  in  a  cooking  plate. 
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flows  into  the  cooling  vessel  and  then  flows  off  through  the  tube  d, 
past  a  thermometer  t^,  to  a  larger  receptacle  h,  which  is  also  equipped 
with  a  thermometer,  t^.  Immediately  before  making  the  test,  the 
water  was  allowed  to  flow  through  the  entire  aggregate  until  the 
thermometers  t^  and  t^  registered  the  same  temperature  and  this 
temperature  had  become  constant.  This  temperature  was  consider- 
ably lower  than  the  air  temperatures  of  the  room.  During  this 
process  the  water  did  not  run  down  into  the  receptacle  h,  but  was 
drawn  off  to  an  outlet.  When  the  test  commenced  the  petcock 
/  was  closed  and  the  cooMng  vessel  was  placed  on  the  warm  cooking 
plate,  whereupon  the  outlet  of  the  tubes  d  were  connected  to  the 
receptacle  h,  and  the  petcock  /  was  opened  once  more.  The  flow 
of  water  was  regulated  so  that  the  thermometer  t^  registered  a 
temperature  that  was  as  nearly  as  possible  the  same  as  that  of  the 
room,  this  being  done  in  order  to  prevent  the  water  that  had  entered 
the  receptacle  li,  from  delivering  heat  to  or  absorbing  heat  from  the 
surroundings.  Water  was  now  allowed  to  flow  through  the  appara- 
tus until  its  temperature  could  no  longer  be  raised  to  that  of  the 
surrounding  air.  Then  the  petcock  /  was  closed,  and  all  the  water, 
including  that  in  the  coohng  vessel,  was  allowed  to  run  down  into 
the  receptacle  h. 

Now  it  was  possible  to  determine  the  amount  of  energy  delivered 
by  the  cooking  plate  to  the  cooling  vessel  and  the  water  that  had 
flowed  past  it,  by  measuring  the  weight  and  the  rise  in  temperature 
of  the  water  collected  in  //,  together  with  the  additional  heat  accu- 
mulated by  the  metal  parts  of  the  cooling  vessel  during  the  test. 
As  will  be  seen  from  the  above  description,  the  method  implies  that 
the  surplus  of  heat  in  the  cooling  vessel  above  the  temperature  of 
the  room  is  "washed  out"  b\^  means  of  running  water,  the  tem- 
perature of  which  may  be  measured  and  regulated.  The  amount  of 
energy  arrived  at  in  this  way  does  not,  however,  constitute  all  the 
heat  accumulated  in  the  cooking  plate  during  the  period  of  heating, 
as  some  of  it  must  have  passed  off  from  the  cooking  plate,  during 
the  course  of  the  measuring  described  above,  through  radiation 
from  the  sides  and  the  bottom.  The  correction  necessitated  hereby 
may,  however,  be  made,  as  follows. 

During  the  tests,  when  heating  water  on  the  plate,  the  average 
temperature  of  the  outside  surfaces  of  the  cooking  plate  was  measured 
and  plotted  as  a  function  of  the  time.  Assuming  that  the  Stefan- 
Boltzmann  law  applies  to  the  radiation  as  a  function  of  the  surface 
temperature,  it  is  possible — by  dividing  the  heating  and  the  cooling 
periods  into  a  number  of  intervals — to  calculate  the  relative  radiation 
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for  each  interval  by  means  of  the  developments  in  the  outside 

temperature.     Then,  by  adding  together  the  amounts  of  energy 

corresponding  to  the  different  intervals  of  the  heating  and  coohng 

periods,  respectively,  two  totals  will  be  obtained,  the  relative  am^ounts 

of  which  will  indicate  in  what  proportions  the  total  radiation  of 

energy  from  the  cooking  plate  is  to  be  divided  for  the  heating  and 

cooling  periods,  respectively.     In  this  way  the  values  given  in  the 

following  table  have  been  calculated. 

Temperature  Corresponding  Energy    radiated    during 

curve  in  Fig.  power.  heating  period.        cooling  period. 

1  908  W.  42  per  cent.  58  per  cent. 

2  480  W.  58-5  per  cent.  41-5  per  cent. 

3  279  W.  59  per  cent.  41  per  cent. 

4  142-8  W.  86  per  cent.  14  per  cent. 

Using  these  figures,  we  have  divided  the  total  amounts  of  energy 
radiated  for  different  rates  of  power  in  the  same  proportions.  The 
amounts  covering  the  cooling  period  have  been  added  to  the  un- 
corrected amounts  of  energy  measured  by  means  of  the  cooling 
vessel,  and  in  this  way  the  actual  quantities  of  energy  accumulated 
in  the  plate  are  obtained.  With  the  aid  of  these  figures,  the  curve 
in  Fig.  3  termed  "energy  accumulated  by  the  plate"  has  been 
constructed.  Now  that  four  of  the  five  headings  covering  the 
distribution  of  energy  are  known,  the  fifth,  which  is  the  energy  that 
radiated  from  the  plate  during  the  heating  period,  may  also  be 
determined,  as  it  is  the  difference  between  the  total  amount  of  energy 
supplied  and  the  sum  of  the  four  headings  mentioned.  In  this  way 
it  has  been  possible  also  to  indicate  in  the  diagram  Fig.  3  "the 
energy  radiated  by  the  plate." 

In  this  diagram  curves  for  the  heating  time  and  the  energy  efh- 
ciency  have  also  been  inserted. 

With  regard  to  the  course  of  development  shown  in  Fig.  3  attention 
may  be  called  to  the  following.  If  a  very  low  rate  of  power  is  used, 
the  temperature  of  the  water  will  never  reach  95 °C.,  i.e.,  the  power 
supplied  will  be  entirely  consumed  in  covering  the  losses  already 
at  a  lower  temperature.  Not  until  the  rate  of  power  exceeds  80W. 
(in  the  case  shown  in  Fig.  3),  will  the  power  suffice  to  raise  the 
temperature  above  95°C.  Therefore,  under  the  testing  conditions 
assumed,  a  finite  heating  time  will  not  be  obtained  until  the  rate 
of  power  exceeds  80  W.  If  the  rate  of  power  be  increased  further, 
the  heating  time  will  become  shorter  and,  to  begin  with,  it  will 
decrease  very  rapidly.  The  principal  result  of  this  is  that  the 
radiation  of  energy  from  the  cooking  vessel  will  decrease  (this 
radiation  being  equal  to  the  product  of  the  radiated  power,  which 
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is  in  a  constant  proportion  to  the  temperature,  and  the  time).  The 
radiation  of  energy  from  the  plate  itself  will  also  decrease.  The 
amount  of  heat  accumulated  in  the  plate  will,  however,  be  increased, 
as  previously  mentioned.  The  final  result  of  the  increase  in  power 
will  be  that  the  total  losses  of  energy,  which  for  the  low  rates  of 
supply  of  power,  arise  chiefly  through  radiation,  will  first  decrease 
and  then  gradually  increase  as  the  accumulation  of  energy  in  the 
plate  increases  and  becomes  the  dominating  factor.  Consequently, 
the  efficiency  curve  will  reach  a  maximum  at  a  certain  rate  of  power. 
In  the  case  illustrated  in  Fig.  4  the  maximum  is  reached  at  475  W. 
i.e.,  at  somewhat  over  half  the  normal  of  power.  Should  not  in 
consequence  the  cooking  plate  be  used  normally  with  a  rate  of 
power  of  475  W.?  Yes,  if  the  efficiency  were  the  only  factor  of 
importance,  this  conclusion  would  undoubtedly  be  correct.  But 
we  have  already  intimated  that  "a  gain  in  efficiency  implies  a  loss 
in  time."  Fig.  3  shows  that  the  time  required  to  heat  1  litre  of 
water  at  the  maximum  efficiency  is  20  minutes,  but  if  the  rate  of 
power  is  increased  to  1 ,000  W.  the  time  will  be  reduced  to  10  minutes. 
It  is  true  that  the  efficiency  will  simultaneously  be  reduced  from 
55  to  50  per  cent.,  but  it  may  be  taken  for  granted  that  no  housewife 
wants  to  wait  20  minutes  in  order  to  get  1  litre  of  water  heated  when 
she  can  get  it  done  in  10  minutes  by  using  10  per  cent,  more  electric 
current.  The  conclusion  would  appear  to  be  that  the  highest 
possible  rate  of  power  should  be  used.  In  the  case  of  the  plate 
used  in  the  tests  described  above  and  which  was  constructed  nor- 
mally for  900  W.,  the  rate  could,  however,  not  be  increased  above 
1,000  \V.  without  the  risk  of  destroying  the  plate  through  over- 
heating. 

In  order,  nevertheless,  to  be  able  to  investigate  the  importance 
of  a  further  increase  of  power  above  the  normal  rate  we  have  equipped 
a  normal  22  cm.  plate  for  1 ,200  W.  with  resistance  coils  for  1 ,500  W. 
It  may  be  mentioned  that  this  plate  was  of  another  type  and  not 
quite  as  good  as  the  plate  A,  which  was  used  to  obtain  the  graphical 
illustration  in  Fig.  3.  The  result  of  the  tests  made  with  this  re- 
constructed plate,  which  we  have  called  B,  is  shown  in  Fig.  6. 

The  curves  in  Fig.  6  show  the  same  character  as  those  in  Fig.  3. 
The  dechne  of  the  efficiency  curve  for  the  further  increase  in  the 
power  continues  also  at  1,500  W.  at  about  the  same  rate  as  for  the 
normal  power  of  1,200  W.  The  time  required  to  heat  2  litres  of 
water  is  30  minutes  at  the  maximum  efficiency  (600  W.),  16  minutes 
at  the  normal  rate  of  power  (  1 ,200  W.) ,  and  1 3  minutes  at  the  highest 
rate  of  power  (1,500  W.).     Consequently,  this  test  confirms  the  fact 
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that  the  heating  time  may  be  further  reduced  by  increasing  the 
rate  of  power  above  that  which  has  hitherto  been  the  normal  rate 
in  the  ordinary  commercial  types  of  cooking  plates.  Fig.  6,  however, 
shows  that  the  gain  in  time  per  watt  of  increase  in  the  power  will 
be  smaller  and  smaller,  the  more  the  rate  of  power  is  increased. 


Kilogram- 

calo.ies 


Fig.    G 


Power  of  tlie  cooking  plate. 
TilUörd  encrgi=  Energy  supplied. 

Av  plattan  utstrâlad  energi=  Energy  radiated  from  plate. 
Av  plattan  ackumulerad  energi=  Energy  accumulated  by  piatc. 
Av  kärlet  utstrâlad  energi=  Energy  radiated  from  vessel. 
Av  kärlet  ackumulerad  energi=  Energy  accumulated  by  vessel. 
Verkningsgrad=  Efficiency. 

Av  vattnet  ackumulerad  energi=  Energy  accumulated  by  water. 
Uppvärmningstid=  Heating  time. 

.     The  distribution  of  energy  and  efficiency,   in  a  special   plate,   for 
different  power  values. 


A  hmit  will  soon  be  reached,  above  which  a  further  increase  of 
power  will  hardly  imply  any  gain.  In  order  to  determine  this 
hmit,  manufacturing  calculations  would,  however,  be  necessary  and 
these  could  not,  of  course,  be  drawn  up  at  the  present  stage  of  the 
investigation.  We  are,  nevertheless,  of  the  opinion  that  the  rate 
of  power,  as  a  rule,  should  be  increased  above  that  of  the  cooking 
plates  now  ordinarily  sold. 
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One  cause  of  the  reduction  of  efficiency  with  increase  of  power 
(beyond  the  point  of  maximum  efficiency),  is  tlie  increase  of  the 
energy  lost  by  accumulation  of  heat  in  the  plate.  This  energy 
being  proportional  to  the  product  of  the  temperature  and  the  weight 
of  the  plate,  it  would  appear  that  the  loss  might  be  reduced  by 
cutting  down  the  weight.  The  type  of  cooking  plate  with  open 
coils,  being  generally  lighter  than  one  of  similar  power  with  enclosed 
coils,  would,  therefore,  be  expected  to  show  the  better  efficiency  at 
high  rates  of  power.  Tests  on  an  open  coil  plate  weighing  1-175  Kg., 
howe\^er,  showed  it  to  have  a  worse  efficiency  than  a  similar  one 
with  enclosed  coils  weighing  4-29  Kg.  This  apparent  anomaly  is 
explained  by  the  fact  that  the  open  coil  plate  attained  a  much 
higher  temperature  than  the  other.  Also,  the  loss  through  radia- 
tion was,  at  1 ,200  kW.,  four  times  as  great  with  the  open  as  with  the 
enclosed  type,  owing  partly  to  the  higher  temperature  and  partly 
to  easier  ventilation. 

The  plate  on  which  these  tests  were  carried  out  was  of  foreign 
manufacture.  Further  tests  on  a  Swedish-made  open- type  plate 
confirmed  the  above  conclusions.  The  effect  on  efficiency  was 
then  tried  of  retaining  the  enclosed  type  of  plate,  which  is  safer 
and  less  h  able  to  damage  than  the  open,  but  reducing  its  weight  as 
far  as  possible.  The  iron  top  of  the  1,500  W.  cooking  plate  B, 
previously  referred  to,  was  therefore  turned  down  in  a  lathe,  reducing 
its  weight  from  2-085  Kg.  down  to  1-195  Kg.,  whilst  leaving  the 
diameter  unchanged.  The  efficiency  at  a  power  of  1,500  W.  was 
found  to  have  been  increased  by  this  alteration  from  53-8  per  cent, 
to  56-7  per  cent. 

It  is  possible,  however,  that  these  two  figures  ma}-  not  be  quite 
comparable,  inasmuch  as  the  turning  process  may  have  altered  the 
smooth  surface  of  the  plate.  During  the  tests  it  was  found  that  the 
way  in  which  the  vessel  rested  on  the  plate  {i.e.,  the  thermal  con- 
tact), which  depends  largely  on  the  surface  of  the  plate,  exercised 
a  considerable  influence  on  the  results. 

In  this  connection  we  may  point  out  that  the  reduction  of  bulk 
must  not  be  carried  too  far.  First  of  all  a  certain  thickness  of  iron 
is  necessary  to  prevent  the  plate  cracking  under  the  stresses  caused  by 
heating.  Without  a  cooking  vessel  these  stresses  can  reach  con- 
siderable values,  and  even  if  the  plate  does  not  crack,  the  surface  may 
get  deformed  when  hot.  In  such  a  case  the  decrease  in  efficiency 
that  follows  as  a  result  of  even  a  shght  deformation  of  the  surface 
is  much  greater  than  the  increase  obtained  by  reducing  the  bulk  of 
the  plate.  Investigations  into  this  question  are  described  later. 
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The  tests  described  above  refer  to  the  heating  of  a  plaie  thai  is  cold 
at  the  outset.  Conditions  when  using  a  plate  that  is  warm  at  tJie  oiJset 
should  also  be  taken  into  account;  we  have,  therefore,  included 
tests  to  ascertain  the  efficiency  when  heating  water  from  20°C.  to 
95°C.  on  a  plate  that  is  already  warm  at  the  beginning  of  the  test. 
As,  in  this  case,  no  part  of  the  energy  supplied  is  used  to  increase 
the  accumulated  amount  of  heat,  the  loss  of  energy  in  the  plate  itself 
will  now  consist  only  of  losses  through  radiation.  The  efficiency  in 
this  case  will,  therefore,  be  considerably  higher  than  when  using 
a  plate  that  is  cold  at  the  outset.  This  is  shown  in  the  diagram 
in  Fig.  7,  which  refers  to  the  same  plate  as  Fig.  3,  i.e.,  to  A. 


•/^ 

'/ 

.:; 

// 

1 

V 

1 

i 

1       1 

1 

1 

1 

\ 

1 

À/fi^ 

k- 

ncj-i. 

7/ 

1 
1 

\ 

i 

y 

/^ 

,  pj. 

7//t7/- 

<  uh 

l/zT?* 

■K/  t 

■ncr 

5" 

% 

1 
1 

V 

-^ 

'  — 

< 

./^ 

^  kc 

r-/c/ 

i//3 

'/rai 

ad 

cncrg/ 

1 

1 

1 
1 

^ 

'/''~ 

1 ^ 

1 

1 

.  Arj 

'j-lc/ 

ocX- 

1     ^ 

t^  aicr-ç 

do 

jrnü^ 

' 

- 

, 

70 

\ 

1         1 

y 

rf 

'kfe^ 

hni'r 

yj^oc?] 

\ 

/I 

1 
1 

\ 

1 
1 

f\ 

/   vt 

ftnc 

'  oc 

kufT 

u/c/ 

oo- 

e/7<j, 

9' 

30 

^V 

1 

âo 

1 
1 

'"- 

^^^ 

\À 

^l-O 

r-rn/ 

ling 

3A/& 

10 

1 

1 

"■ 

-\-\ 

. 

__ 

1 

0 

1 

1 
1 

1 

1 

O  '00  cDO  ZOO  -fOO  ^00  600  700  BOO  Boo  /OOO 

Pnu.T  of  tlip  cookine  ph,t,-  watls 

Tillförd  energi=  Energy  supplied. 

Av  plattan  iitstrâlad  cnergi=  Energy  radiated  from  plate. 

Av  käilet  utstrâlad  energi=  Energy  radiated  by  vessel. 

Av  kärlet  ackumulerad  cnergi=  Energy  accumulated  by  vessel. 

Verkningsgrad=  Efficiency. 

Av  vattnct  ackumulerad  energi=  Energy  accumulated  by  water, 

Uppvarmningstid  =  Heating  time. 


Fig.  7. 


The  distribution  of  energy,  and  efficiency,  when  heating  water  on  a 
plate,  warm  at  the  outset  (the  same  plate  as  in  Fig.  .3). 


It  will  be  seen  in  Fig.  7  that  the  point  of  maximum  efficiency 
occurs  at  a  proportionally  higher  rate  of  power  than  when  heating 
on  a  plate  that  is  cold  at  the  beginning  of  the  test. 
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Cooking  Plates  in  Stands 

The  tests  described  above  have  been  performed  partly  with  double 
and  partly  with  single  cooking  plates.  It  might  possibly  be  assumed 
that  the  efficiency  of  a  cooking  plate  would  vary  with  the  type  of 
stand  in  which  it  was  mounted.  In  order  to  determine  this  point, 
we  have  measured  the  efficiency  of  two  cooking  plates  mounted  in 
a  common  stand.  The  measurements  of  efficiency  were  first  made 
for  each  plate  in  turn,  the  other  being  cold,  then  lor  both  plates 
heated  at  the  same  time,  and  finally  for  each  plate  separately, 
removed  from  the  stand.  No  measurable  difference  in  efficiency 
with  the  different  conditions  could  be  observed.  It  should  be 
mentioned  that  the  double  cooking  plate  used  was  constructed, 
as  are  most  up-to-date  stoves,  with  an  air  gap  between  the  heating 
plates  and  the  top  plate  of  the  stand,  whereby  conduction  of  heat 
to  the  latter  was  avoided.  Without  this  air  gap  the  efficiency 
would  undoubtedly  have  been  adversely  affected  by  the  loss  of 
heat  to  the  stand. 

Regulation  of  Power 

The  regulation  of  the  supply  of  power  to  a  cooking  plate  has  a 
great  influence  on  the  cost  of  electric  cooking.  In  almost  all  the 
plates  now  on  the  market  the  power  may  be  cut  down  to  one-half 
and  one-fourth  of  the  normal  rate.  Food  which  requires  compara- 
tively long  cooking  is,  therefore,  first  brought  to  the  boiling  point 
at  the  full  rate  of  power,  and  then  kept  boiling  as  long  as  necessary 
with  the  power  reduced  to  one-fourth.^  Food  experts  have 
demonstrated,  however,  that  a  far  better  result,  both  in  flavour  and 
in  nutrition,  is  produced  if  instead  of  continued  boiling  a  tem- 
perature of  90°C  to  95°C.  only  is  maintained.  To  do  this  a  power 
rate  of  one-ei,?hth  to  one-tenth  of  the  maximum  (instead  of  the 
one-fourth  now  provided),  is  quite  sufficient,  with  the  usual  sizes 
of  cooking  plates  and  vessels  at  present  in  use.  To  demonstrate 
this,  tests  have  been  carried  out  with  two  cooking  plates.  Both 
were  employed  to  bring  to  the  boil  a  volume  of  water  at  the  full 
rate  of  power,  whereupon  the  power  was  reduced  to  one-fourth 
and  one-ninth  respectively,  of  this  rate.  In  both  cases  the  current 
was  turned  off  two  hours  after  the  first  switching  on  of  the  current. 
The  object  of  these  tests  v/as  to  imitate  the  actual  conditions 
in  "slow  cooking."     The  following  results  were  obtained: — 

-We  are  not  here  considering  "hay-box"  cookery,  which,  however,  deserves 
more  attention  in  connection  with  the  electrified  kitchen. 
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Plate    No. 

Amount 
of  water. 

Rate  of 
power  for 
continued 

cooking. 

Total  con- 
sumption             Energy 
of  energy.             saving 

1 

1 

3  litres 
3  litres 

i 

0-772  kWh. 

0-565  kWh.          27  per  cent. 

2 
2 

2  litres 
2  litres 

i 

0-762  kWh. 

0-478  kWh.      37-3  per  cent. 

These  tests  thus  show  that  a  considerable  saving  of  energy  can  be 
effected  by  providing  the  plates  with  arrangements  for  adjusting 
the  rate  of  power  over  a  wider  range  than  those  hitherto  in  use, 
with  one-fourth  of  the  normal  rate  as  the  minimum  power  obtainable. 


Surface  Temperature  of  Cooking  Plates 

It  is  often  stated,  as  evidence  of  the  good  thermal  quahties  of  a 
cooking  plate,  that  it  has  a  high  surface  temperature,  by  which  is 
meant  the  continuous  temperature  which  the  surface  of  the  plate 
attains  at  the  full  rate  of  power  and  without  any  cooking  vessel  on 
it.  That  this  information  is  of  no  practical  value,  the  following 
test  results  (out  of  a  number  taken)  will  show.  Two  cooking  plates 
of  18-5  cm.  diameter,  of  different  makes,  each  raise  the  temperature 
of  1  litre  of  water  from  20°C.  to  100°C.  in  16  minutes  starting  with 
the  plates  cold,  using  2-litre  cooking  vessels  of  18  cm.  diameter 
and  with  a  smooth  bottom  surface.  This  is  in  spite  of  the  fact  that 
one  of  the  plates  has  an  average  surface  temperature  of  430°C. 
whilst  that  of  the  other  is  385 °C.  only.  The  power  taken  by  the 
first  was  845  W.  and  that  taken  by  the  second,  760  W.  The  design 
of  the  second  plate  was  better  from  the  point  of  view  of  transmission 
of  heat,  although  the  thermal  capacities  of  the  two  were  about  equal. 

The  surface  temperature  of  a  cooking  plate  must  be  high  enough 
to  allow  of  frying,  etc.  It  must  also  be  evenly  distributed  and  must 
not  decrease  too  much  toward  the  edges  of  the  plate.  The  plates 
tested  by  us  have  generally  shown,  for  a  temperature  of  450°C.  in  the 
centre,  only  380°C.  to  400°C.  at  a  distance  of  1  cm.  from  the  edge. 
Differences  in  temperature  between  the  centre  and  the  edge  of  up 
to  135°C.  have,  however,  been  encountered.  A  plate  that  shows 
such  a  great  diversity  of  temperature  can  hardly  be  recommended 
for  use,  as  it  would  be  almost  impossible  to  get  anything  approaching 
satisfactory  results,  for  example  when  roasting,  or  frying  pancakes, 
on  a  plate  of  this  kind.     As  small  a  difference  in  temperature  as 
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possible  should  be  the  object  in  view.  To  ensure  absolute  uni- 
formity of  temperature,  however,  offers  too  many  practical  diffi- 
culties, nor  is  it  necessary. 

The  measurement  of  the  surface  temperature  may  be  made  with 
a  mercury  thermometer  if  a  high  degree  of  accuracy  is  not  required, 
the  error  being  up  to  7°C.  at  a  temperature  of  100°C.  A  thermo- 
couple, the  baU-shaped  jimction  of  which  merely  touches  the  plate, 
will  show  an  inaccuracy  of  up  to  12°C.  at  100°C.  These  errors 
will  be  increased  more  than  proportionately  at  400°C.,  which  is 
about  the  surface  temperature  of  a  cooking  plate. 

As  a  result  of  special  investigations  by  the  Institute  of  Electric 
Heating,  it  was  found  that  an  accuracy  of  within  1°C.,  up  to  a  tem- 
perature of  500°C.,  could  be  obtained  by  using  a  thermo-couple 
the  junction  of  which  was  soldered  on  to  a  smaU  metal  plate. ^ 
The  two  wires  used  were  of  nickel  and  nickel-chrome,  -3  mm.  in 
diameter,  and  were  soldered  to  one  another  and  to  a  silver  plate 
5  mm.  in  diameter.  A  pressure  of  50  grammes  held  this  plate  against 
the  hot  surface.  The  wires  forming  the  couple  were  led  parallel 
to  the  surface  of  the  hot  plate  and  about  -5  mm.  away  from  it  to 
a  distance  of  25  mm.  from  the  point  of  junction.  Fig.  8  shows  the 
results  of  measurements  on  two  plates. 

Effect  on  Efficienxy  of  Contact  between  Vessel  and  Plate 

The  closeness  of  the  contact  between  the  cooking  vessel  and  the 
plate  has,  as  previously  mentioned,  a  great  effect  on  the  transmission 
of  heat  from  plate  to  vessel,  and  consequently  on  the  practical 
efficiency  of  the  plate.  If  the  heat  transmission  is  retarded  by  a 
bad  contact  the  temperature  of  the  plate  wiU  be  raised,  and  the 
energ}^  lost  by  accumulation  of  heat  in  the  plate  and  by  radiation 
from  it  wiU  be  increased,  resulting  in  a  lower  efficiency. 

In  order  to  obtain  a  perfect  contact  between  the  plate  and  the 
vessel  it  is  necessary  either  that  both  should  be  absolutely  plane 
surfaces,  or,  if  this  is  not  the  case,  that  one  of  them  should  be  a 
complete  copy  of  the  other  in  the  same  way  as  a  seal  fits  into  the  wax 
impression.  In  the  latter  case  the  result  would  be  just  as  good  as 
with  perfectly  plane  surfaces,  provided  the  two  surfaces  were 
symmetrical  about  their  common  axis;  it  would  then  be  of  no 
consequence  if  their  relative  angular  positions  with  respect  to  one 
another  were  changed.  It  is  improbable,  however,  that  such  plates 
and  vessels  could  actually  be  made.     As  a  rule  (in  our  investigations 

^This  had  previously  been  proposed  by  Knoblauch  for  general  use  in  thermo- 
couples. 
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we  have  found  no  exceptions),  both  the  upper  surface  of  the  plate 
and  the  bottom  of  the  cooking  vessel  are  shghtly  concave.  The 
explanation  of  the  concavity  of  the  cooking  plate  appears  to^be  as 
follows.  When  the  plate  is  turned  the  tool  travels  inward  Jrom 
the  periphery  of  the  plate  toward  the  centre.  Since  the  plate 
rotates  at  a  constant  speed,  the  cutting  speed  will  decrease  as  the 
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Fig.  8. 


Distribution  of  temperature  along  a  radius  in  an  electric  cooking 
plate. 


tool  approaches  the  centre.  On  account  of  this,  pressure  against 
the  tool  will  be  greatest  at  the  periphery  and  decrease  gradually 
toward  the  centre  of  the  plate.  The  system,  being  slightly  elastic, 
allows  a  sufficient  movement  of  the  tool  to  make  the  surface  of  the 
plate  measurably  concave.  Of  course,  there  is  a  possibiHty  in  theory 
of  compensating  for  this  displacement  by  fixing  the  tool  rest  at  an 
angle,  but  this  expedient  does  not  appear  to  have  been  used  hitherto. 
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It  should  be  possible  to  obtain  a  better  result  by  milling  or  grinding 
the  upper  surface  of  the  plate.* 

A  plate  that  is  perfectly  plane  when  cold  wiU  become  sUghtly 
convex  when  heated.  But  as  the  bottom  of  a  cooking  vessel  is 
generally  concave,  even  when  heated,  this  would  not  impair  the 
contact  between  the  plate  and  the  vessel;  on  the  contrary  it  would 
appear  to  improve  it.  With  regard  to  the  bottom  of  the  cooking 
vessels,  the  problem  of  obtaining  a  plane  surface  at  a  reasonable 
cost  is  more  difficult  than  in  the  case  of  the  plates,  and  still  remains 
to  be  solved  by  the  manufacturers. 

To  investigate  the  extent  of  this  concavity,  and  its  effect  on  effi- 
ciency, "contour"  plans  of  both  cooking  plates  and  bottoms  of 
utensils  were  made  by  means  of  a  sensitive  dial  surface  gauge. 
In  a  typical  example  of  a  cooking  plate,  of  18  cm.  diameter,  the 
maximum  concavity  (occurring  at  the  centre) ,  amounted  to  •  1 2  mm. 
at  a  temperature  of  20°C.  and  -06  mm.  at  240°C. 

The  concavity  measured  in  the  centre  of  the  bottom  of  an  18  cm. 
diameter  aluminium  pan  was  -20  mm.  On  heating,  the  bottom 
of  the  pan,  like  the  cooking  plate,  became  flatter.  The  decrease 
in  concavity  on  being  heated  from  20°C.  to  95°C.  was  -013  mm.  for 
a  cast  alvmiinium  pan,  and  -040  mm.  and  -035  mm.  respectively 
for  two  pans  with  pressed  bottoms. 

The  effect  of  the  contact  on  efficiency  and  on  the  time  required  for 
heating  was  investigated,  and  the  results  are  plotted  in  Fig.  9. 
The  distance  between  vessel  and  plate  is  the  average  (when  cold), 
calculated  from  the  measurements  made  as  above.  To  determine 
the  efficiency  when  the  contact  is  perfect  -the  vessel  was  finally 
soldered  to  the  cooking  plate.  Fig.  9  shows  clearly  that  if  the 
average  separation  is  only  -2  to  -3  mm.,  the  efficiency  is  reduced 
by  20  per  cent,  and  the  heating  time  increased  by  30  per  cent,  as 
compared  with  the  figures  for  a  perfect  contact. 

To  ascertain  what  degree  of  flatness  may  be  expected  from  the 
ordinary  heating  plates  and  utensils  at  present  on  the  market, 
selections  of  ten  specimens  each,  chosen  at  random,  were  taken 
from  three  makes  of  plates  and  two  makes  of  pans.  The  three 
makes  of  cooking  plates  showed  average  distances  from  a  true  plane 

*This  was  confirmed  by  testing  a  cooking  plate  the  upper  surface  of  which 
had  been  finished  by  turning  in  the  ordinary  way.  Originally  the  effi- 
ciency of  this  cooking  plate  was  47-6  per  cent.,  but  after  the  plate  had 
been  ground  the  efficiency  increased  to  56-4  per  cent.  In  both  cases 
the  same  cooking  vessel  was  used.  The  bottom  of  this  vessel  was  fairly 
true  at  the  outset,  but  after  this  had  been  ground  too,  the  efficiency  was 
further  increased  to  58-2  per  cent. 
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of  -1  mm.,  -15  mm.,  and  -3  mm.  respectively.  The  corresponding 
figures  for  the  two  makes  of  pans  were  -08  mm.  and  -12  nun.  From 
these  figures  and  Fig.  9  it  may  be  deduced  that  the  average  con- 
simiption  of  energy  in  cooking  is  from  25  per  cent,  to  50  per  cent, 
higher  than  would  be  the  case  if  perfect  contact  between  hot  plate 
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Fig.  9.     The  relation  of  the  efficiency  and  heating  time  to  the  thermal  contact 
between  the  plate   and   the   vessel. 

and  cooking  vessel  could  be  ensured.  This  loss  of  efficiency  is 
much  greater  with  old  and  worn  utensils  than  with  the  new  ones 
from  which  the  above  results  were  taken. 


Conclusion 

The  above  report  of  our  investigations  shows  that  an  exhaustive 
test  of  an  electric  cooking  plate  is  a  rather  comphcated  procedure, 
this  being  the  case  especially  regarding  the  test  of  efficiency,  which — 
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as  has  been  mentioned — is  to  a  great  degree  influenced  by  the 
thermal  contact  between  the  plate  and  the  vessel.  The  condition 
of  the  bottom  of  the  cooking  vessel  is,  consequently,  of  great  impor- 
tance, although  this  is  a  factor  quite  independent  of  the  quality 
of  the  cooking  plate. 

In  order  to  eliminate  the  effect  on  the  measured  result  of  this 
irrelevant  factor,  the  determination  of  the  efficiency  should  be 
performed  using  special  cooking  vessels  with  bottoms  as  truly 
fiat  and  smooth  as  possible. 

As  a  rule  it  is  impossible  to  insist  upon  individual  testing  of  every 
manufactured  cooking  plate.  The  test  must  be  limited  to  type- 
testing.  The  divergences  between  the  particular  individuals  of 
a  certain  type  of  cooking  plates  in  regard  to  heat  capacity,  thermal 
resistance  between  heating  coils  and  cooking  hearth,  radiation  and 
so  on  are  small  and  their  influence  on  the  efficiency,  therefore,  is 
so  slight  that  it  would  be  quite  sufficient  for  the  test  to  take  out 
one  sample  at  random.  The  divergences  between  the  different 
individuals  caused  by  disparity  in  the  flatness  of  the  upper  surface, 
on  the  contrary,  are  of  such  importance  that  the  problem  cannot 
be  treated  as  simply  as  this.  We  are  of  the  opinion  that  it  is  neces- 
sary to  determine  not  only  the  average  character  of  the  type  but 
also  the  limits  between  which  variations  are  to  be  expected.  One 
procedure  which  we  have  found  convenient  is  the  following.  From 
the  type  to  be  tested,  ten  specimens  are  taken  out  and  the  flatness 
of  these  ten  plates  determined.  The  test  is  then  carried  out  on 
three  of  these  ten  plates,  viz.,  the  plate  that  in  respect  of  flatness 
most  closely  coincides  with  the  average  of  all  ten,  the  best  one  and 
the  worst  one.  For  these  three  cooking  plates  the  efficiency  is 
determined  with  several  different  quantities  of  water  and  using  a 
special  cooking  vessel  as  flat  and  smooth  as  possible  and  with  the 
bottom  diameter  corresponding  to  that  of  the  cooking  plate.  Now 
diagrams  can  be  drawn  showing  efficiency  both  as  a  function  of 
average  distance  between  plate  and  vessel  after  correction  for  the 
unevenness  of  the  vessel's  bottom  (compare  Fig.  9),  and  as  a  function 
of  quantity  of  water  (compare  Fig.  2).  On  these  two  diagrams 
an  objective  estimate  of  the  cooking  plates  and  their  qualities  in 
comparison  with  corresponding  qualities  of  other  plates  may  be 
based. 

Tests  should  be  performed  of  the  distribution  of  the  surface  tem- 
perature, the  insulation  strength,  the  rise  in  temperature  of  the 
support  and  so  on,  but  the  way  in  which  these  tests  are  to  be  carried 
out  seems  clear  and  needs  no  discussion  in  this  report. 
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ZUSAMMENFASSUNG 

Um  die  Verwendung  elektrischer  Apparate  im  Haushalt  erfolgreich  zu  gestal- 
ten, muss  nicht  nur  der  Strompreis  vernünftig  sein,  sondern  es  müssen  auch 
die  Apparate  die  passendste  Form  haben.  Das  schwedische  Institut  für 
elektrische  Heizung  befasst  ^ich  zur  Zeit  mit  der  systematischen  Untersuchung 
der  elektrischen  Hausapparate.  Der  vorliegende  Bericht  schildert  die 
Untersuchung  der  elektrischen  Kochplatte;  er  behandelt  auch  die  betriebs- 
technische Seite  der  Kochplatte  und  enthält  Folgerungen  für  konstruktive 
Verbesserungen.  Es  wird  beabsichtigt,  dieses  Werk  dem  Aufstellen  ein- 
heitlicher Prüf-  und  Messvorschriften  für  elektrische  Kochplatten  zu  Grunde 
zu  legen. 
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PART    I.     HOUSE    HEATING    BOILER    EFFICIENCY 

O.  P.  Hood 

U.S.  Bureau  of  Mines 
General 

The  people  of  the  United  States  of  America  use  nearly  1 20,000,000 
tons  of  coal  each  year  in  their  houses,  largely  for  heating.  This 
is  about  18  per  cent,  of  the  coal  mined. 

This  does  not  indicate  the  relative  importance  to  the  coal  industry 
or  to  the  community  of  this  use  of  fuel,  since  it  is  the  best  grade  of 
coal  that  finds  its  way  to  the  domestic  consumer  and  at  the  most 
remunerative  price.  Through  this  service  also  the  average  man 
makes  his  most  direct  contact  with,  and  from  his  experience  forms 
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his  opinion  of  the  coal  industry.  The  fuel  used  for  domestic  pur 
poses  has  an  influence  in  forming  public  opinion  far  beyond  its 
proportionate  quantity.  Most  of  the  items  of  interest  to  the  user 
of  domestic  fuel  can  be  classified  under  cost,  convenience,  and 
thermal  efficiency.  The  accent  will  be  differently  placed  in  different 
communities.  In  America,  at  the  present  time,  there  is  a  shifting 
of  interest  from  cost  and  thermal  efficiency  to  a  more  lively  appre- 
ciation of  convenience.  The  almost  universal  use  in  American 
homes  of  electrical  devices  which  are  the  acme  of  convenience  throws 
into  sharp  relief  the  many  inconveniences  accompan3àng  our 
methods  of  heating.  Whenever  by  changing  fuel  we  attempt  to 
escape  from  the  dust  and  dirt,  the  transportation  of  heavy  burdens, 
the  manipulating  of  clinkers  and  the  disposition  of  ashes,  it  becomes 
necessary  to  count  the  cost  of  such  relief.  If  one  wishes  to  install 
in  the  house  an  oil  burner  or  perhaps  a  gas  heater  to  replace  coal, 
the  question  of  the  relative  thermal  efficiency  of  the  several  fuels 
and  heating  methods  presents  itself.  Rarely  do  we  know  with 
reasonable  accuracy  the  usual  efficiency  with  which  fuel  is  used  for 
domestic  service.  An  occasional  well-conducted  test  gives  informa- 
tion that  can  be  used  by  the  engineer  but  it  fails  to  give  the  general 
picture  that  can  be  had  only  by  considering  a  large  number  of  tests 
of  a  great  variety  of  fuels  used  in  many  heaters. 

One  hundred  years  ago  in  America  wood  was  the  almost  universal 
fuel  used  for  house-heating.  For  this  purpose  Army  officers  were 
allotted  an  amount  of  wood  differing  according  to  their  rank.  The 
standard  unit  was  a  cord  (128  cu.  ft.)  of  "good  oak  wood."  It 
became  evident  that  all  cord  woods  were  not  equally  desirable  and 
the  preference  for  coal  in  some  places  soon  made  it  necessary  to 
discover  the  "fuel  equivalent"  in  terms  of  "good  oak  wood"  of  the 
many  fuels  issued  at  widely  scattered  Army  posts. 

House  Heating  by  Coal  Firing 

Some  years  ago  a  series  of  534  different  tests  were  made  by  the 
Bureau  of  Mines,  in  which  172  different  coals  were  used,  each  tes 
being  from  24  to  36  hours  in  length.  These  tests  were  made  in 
two  steam  and  two  hot  water  house-heating  boilers  of  a  size  com- 
monly installed  in  an  Army  officer's  house,  and  the  firing  was  done 
by  enlisted  men  with  an  attempt  to  make  the  firing  fairly  com- 
parable with  that  likely  to  be  had  in  actual  good  use.  It  is  the 
object  of  this  paper  to  present  the  figures  thus  found  in  this  large 
group  of  tests  in  order  to  show  in  what  part  of  the  field  of  efficiency 
one  may  reasonably  expect  to  find  such  fuels  when  used  in  small 
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steam  and  hot  water  boilers  for  house-heating.  During  the  conduct 
of  these  tests  the  personnel  changed  several  times,  so  that  all  the 
efficiency  figures  were  plotted  on  a  time  basis  to  discover  if  per- 
chance the  results  reflected  the  change  of  men. 
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THE  EFFICIENCY  OF  BOILER,  FURNACE,  AND  GRATE  BASED  ON  FUEL  AS  FIRED,  PER  CENT 
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Fig.  1. 

The  efficiencies  found  with  each  of  four  boilers  are  plotted  in  Fig.  1 
on  a  time  base  so  that  by  this  means  there  is  readily  presented  to 
the  eye  a  pattern  showing  the  position  and  distribution  of  these 
efficiency  figures. 

The  average  efficiency  of  all  of  these  tests  is  58  per  cent.  Of  the 
two  steam  boilers,  one  averaged  55  per  cent,  and  one  58  per  cent. 
The  two  hot  water  boilers  showed  averages  of  57  per  cent,  and  62 
per  cent.  Few  tests  show  an  efficiency  as  low  as  45  per  cent.,  and 
70  per  cent,  seems  about  the  upper  limit. 

A  forthcoming  bulletin  of  the  Bureau  of  Mines  makes  an  analysis 
of  these  tests  of  many  fuels  with  the  following  conclusions: — 

"1.  The  average  over-all  efficiency  from  all  the  tests  was  58  per  cent, 
for  an  average  rate  of  output  of  65,700  B.Th.U.  an  hour,  which  is  equiva- 
lent to  262  square  feet  of  steam  radiation.  The  average  coal  burned  per 
hour  was  2-8  lb.  per  square  foot  of  grate  surface. 

2.  The  hot-water  boilers  gave  3  per  cent,  higher  efficiency  than  the 
steam  boilers. 

3.  The  boiler  having  the  larger  grate,  combustion  space,  and  heating 
surface  gave  4  per  cent,  higher  efficiency. 
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4.  The  highest  efficiencies  were  obtained  with  anthracite,  but  were  lower 
than  they  should  be,  due  to  high  ash-pit  loss. 

5.  The  semi-bituminous  coals  gave  a  lower  efficiency  than  the  bitu- 
minous coals,  because  of  the  high  ash-pit  loss. 

6.  If  the  ash-pit  loss  is  neglected,  the  efficiency  of  boiler  and  furnace 
shows  a  slow  but  constant  increase  from  the  sub-bituminous  coal  to  the 
semi-anthracite,  and  the  increase  then  becomes  rapid. 

7.  The  ash-pit  loss  increased  with  the  percentage  of  ash  in  the  coal  from 
about  3  per  cent,  with  no  ash  to  about  7  with  the  highest  ash  for  the  bitu- 
minous coals.  The  loss  was  higher  with  the  anthracite  than  with  the 
bituminous  coals. 

8.  The  average  over-all  efficiency  was  independent  of  the  moisture 
content.  This  is  equivalent  to  saying  that  the  coals  high  in  moisture 
had  other  characteristics  which  offset  the  loss  due  to  the  moisture. 

9.  The  average  over-all  efficiency  was  independent  of  the  calorific  values 
of  the  coals.  One  can  interpret  this  as  meaning  only  that  the  com- 
bustible part  burned  as  efficiently  when  associated  with  high  as  with  low 
ash  content.  The  dollar  value  of  the  coals  depends  upon  the  calorific 
value  and  is  proportional  to  the  calorific  value  multiplied  by  the  over-all 
efficiency." 

House  Heating  by  Oil  Firing 

There  has  been  but  Httle  pubhshed  on  the  thermal  efficiency  with 
which  oil  is  burned  in  the  rapidly  developing  field  of  house-heating. 
Oil  is  burned  with  high  efficiency  in  larger  furnaces  but  the  limita- 
tions placed  on  furnace  size  and  temperature  in  house-heating 
boilers  makes  high  efficiency  difficult  to  attain. 

Certain  tests  of  oil  burners  were  made  by  the  Department  of 
Agriculture,  Bureau  of  Public  Roads, ^  which  with  other  comparable 
tests  obtained  from  other  sources  number  328  tests. 

In  Fig.  2,  the  efficiency  figures  are  plotted  in  fields,  A,  B,  C,  and  D, 
and  these  relate  to  certain  atomising  burners.  Tests  on  other 
burners  are  plotted  in  fields  E,  F,  G,  H  and  I,  and  these  relate  to 
various  vaporising  types  of  burners.  These  tests  are  plotted  so  as 
to  appeal  to  the  eye  in  the  same  manner  as  in  Fig.  1 ,  although  the 
horizontal  basis  has  no  significance  as  to  time. 

In  these  tests  different  fuels  were  used  with  different  rates  of 
burning  and  different  adjustments.  No  close  analysis  of  these 
results  is  available  but  the  pattern  displayed  on  the  efficiency  field 
shows  that  with  oil  burners  much  wider  variations  in  efficiency  may 
be  expected,  and  that  in  general  the  efficiencies  occupy  no  higher 
position  in  the  field  than  do  those  using  coal.  While  higher  effi- 
ciencies than  here  shown  can  be  obtained  when  good  burners  are 
well  adapted  to  furnace  and  load,  it  is  probable  that  oil  is  being 
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utilised  in  general  at  no  higher  thermal  efficiency  than  is  coal  in 
similar  house-testing  service. 

There  has  been  a  large  and  rapid  development  in  the  use  of  oil  for 
house-heating  and  this  development  rests  largely  on  items  classified 
under  the  head  of  convenience  rather  than  cost  or  thermal  efficiency. 


THE  EfnCENCY  OF  BOILER.  FURNACE,  AND  OIL  BURNER,  BASED  ON  OIL  AS  FIRED,  PER  CENT 
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Fig.  2. 

RÉSUMÉ 

Le  Bureau  des  Mines  a  fait  une  série  de  534  épreuves,  en  employant  172 
houilles  de  différentes  espèces,  les  durées  de  ces  épreuves  variant  entre  24  et 
36  heures.  Les  épreuves  se  sont  faites  avec  deux  chaudières  à  vapeur  et 
deux  à  eau  chaude  des  dimensions  ordinaires  pour  emploi  dans  les  domiciles 
des  officiers  militaires,  et  le  chauffage  s'est  fait  par  des  soldats,  afin  de  réaliser 
un  chauffage  bien  comparable  à  celui  en  bon  usage.  Le  but  de  ce  mémoire 
sera  de  présenter  les  chiffres  ainsi  déterminés  par  ce  groupe  étendu  d'épreuves, 
pour  en  faire  ressortir  le  rendement  à  attendre  des  combustibles  employées 
de  cette  façon  dans  de  petites  chaudières  à  vapeur  et  à  eau  pour  le  chauffage 
des  maisons. 

Les  schémas  de  la  figure  1  font  voir  les  chiffres  de  rendement  des  quatres 
chaudières  représentés  à  base  du  temps,  et  par  conséquent  ils  présentent 
très  facilement  aux  yeux  les  tracés  de  la  position  et  de  la  distribution  des 
chiffres  de  rendement. 

Le  rendement  moyen  de  toutes  ces  épreuves  est  de  58  pour  cent.  L'une  des 
deux  chaudières  à  vapeur  donnait  une  moyenne  de  55  pour  cent,  et  l'autre, 
de  58  pour  cent. 

Les  chaudières  à  eau  chaude  donnaient  des  rendements  moyens  de  57  pour 
cent  et  de  62  pour  cent. 
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Peu  d'épreuves  établirent  le  rendement  minimum  de  45  pour  cent,  et  70 
pour  cent  paraît  être  le  maximum.  Un  bulletin  qui  va  être  publié  par  le 
Bureau  des  Mines  des  États-Unis  donnera  une  analyse  des  épreuves  de  beaucoup 
de  combustibles,  ainsi  que  des  conclusions.  Il  y  a  peu  de  données  de  publiées 
sur  le  rendement  calorifique  du  pétrole  pour  le  chauffage  des  maisons. 
L'emploi  de  ce  combustible  augmente  très  rapidement. 

Le  pétrole  s'emploie  avec  un  grand  rendement  dans  les  fours  de  grandes 
dimensions,  mais  les  limites  qui  s'imposent  sur  ces  dimensions  et  sur  la  tempéra- 
ture des  chaudières  de  maisons  rendent  un  rendement  élevé  difficile  à 
atteindre. 

Quelques  épreuves  ont  été  faites  par  le  Département  de  l'Agriculture,  Bureau 
des  Voies  Publiques,  avec  un  appareil  brijleur  de  pétrole,  lesquelles,  avec 
d'autres  épreuves  de  comparaison  obtenues  d'autres  sources,  font  un  total 
de  328  épreuves. 

Dans  la  figure  2  les  chiffres  sont  tracés  sur  les  champs  A,  B,  C  et  D,  représen- 
tant certains  appareils  brûleurs  de  pétrole  du  type  pulvérisateur.  D'autres 
épreuves  faites  avec  des  appareils  du  type  vaporisant  sont  représentées  sur 
les  champs  E,  F,  G,  H,  et  I  d'une  manière  facile  à  entendre  comme  dans  la 
Figure  1,  quoique  la  base  horizontale  ne  se  rapporte  pas  au  temps. 

Dans  ces  épreuves  on  a  employé  divers  combustibles  brûlant  à  différentes 
vitesses  et  avec  différents  réglages.  Ces  résultats  ne  sont  pas  considéré  en 
détail,  mais  la  forme  des  chiffres  de  rendement  sur  le  champ  nous  fait  voir 
qu'il  faut  s'attendre  à  de  grandes  variations  de  rendement  dans  l'emploi  des 
appareils  brûleurs  de  pétrole  et  qu'en  général  les  chiffres  de  rendement  ne  sont 
pas  plus  grands  que  ceux  du  charbon.  Tandis  que  des  rendements  plus 
élevés  que  ceux  donnés  ici  peuvent  être  obtenus  avec  de  bons  brûleurs  bien 
adaptés  au  four  et  à  la  charge,  il  est  probable  qu'en  général  le  pétrole  ne 
s'emploie  pas  avec  des  rendements  thermiques  supérieurs  à  ceux  de  la  houille 
pour  des  buts  semblables  dans  les  domiciles. 


PART  II.     DOMESTIC  HEATING  BY  GAS 

A.  G.  King,  E.  D.  Milener  and  C.  G.  Segeler 

American  Gas  Association 
Foreword 

Startling  as  it  may  seem,  there  is  every  reason  to  believe  that 
central  house-heating  by  gas  wiU  eventually  provide  the  largest 
market  for  domestic  gas  sales  in  the  United  States.  Three  basic 
reasons  substantiate  the  existence  of  this  trend: — 

First.  That  gas  heat  is  controlled  heat  which  will  provide  a  uniform 
temperature  of  70°F.  inside  of  the  house  against  any  outside  mini- 
mimi  temperature  and  high  cold  wind. 

Second.  That  gas  heat  is  mttomatic  heat  keeping  the  house  uni- 
formly warm  from  the  time  the  gas  is  lighted  in  autumn  until  it  is 
turned  off  in  the  late  Spring  without  any  attention  on  the  part  of 
those  living  in  the  house. 
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Third.     That  gas  heat  is  clean  heat,  producing  neither  smoke  nor 
ashes. 


Fig.  1.  Modern  gas-fired  steam  boiler.  This  view  shows  piping  arrange- 
ments very  clearly.  The  controls  in  the  centre  of  the  picture  are  the 
automatic  low  water  gas  cut-off,  and  steam  pressure  regulator  attached  to 
the  snap  action  valve.  Slightly  to  the  right  can  be  seen  the  chain  leading  to 
the  thermostat  motor  in  the  upper  right  hand  corner  of  the  picture. 

The  rapid  spread  of  central  gas  heating  can  also  be  traced  to  the 
economic  and  psychological  position  of  the  average  American.     He 

174 


U.S.A.:  DOMESTIC  HEATING 

very  quickly  adopts  the  latest  mechanical  devices  which  will  make 
life  easier  and  more  pleasant.  The  back-breaking  work  of  shovelling 
coal  into  a  house-heating  furnace  and  removing  the  ashes  in  un- 
sightly galvanised  iron  barrels  does  not  appeal,  and  he  is  willing  to 
pay  a  premium  in  order  to  eliminate  this  drudgery. 
The  problem  of  the  gas  company  is  to  determine  this  premium  and 
to  attempt  to  lower  the  cost  of  gas  until  it  can  be  sold  so  as  to  fall 
within  that  limit.  This  paper,  being  of  a  technical  nature,  can  only 
touch  upon  this  aspect  of  the  house-heating  business  but  the  dis- 
cerning reader  will  realise  that  it  is  of  fundamental  importance. 
The  gas  industry  in  America  has  appreciated  these  principles  and 
at  this  time  there  are  more  than  250  gas  companies  serving  more 
than  80  per  cent,  of  all  the  gas  sold  in  the  United  States  that  have 
adopted  preferential  rates  for  gas  sold  to  house-heating  customers. 

General  Principles 

The  application  of  gas  to  space  heating  is  almost  as  old  as  the  gas 
industry,  and  the  only  new  phase  involved  at  the  present  is  its 
exclusive  use  in  central  gas-fired  house-heating  systems.  These 
can  be  classified  as: — 

{a)  Warm  air  systems  (Fig.  1):  Furnaces  consisting  of  an  indirect 
heating  unit  over  which  air  is  passed.  The  air  ducts,  made  of 
sheet  or  cast  metal,  distribute  the  warm  air  to  the  rooms  of  the 
house.  A  cold  air  return  duct  usually  near  the  front  door 
recirculates  the  air  to  the  furnace.  Modifications  of  this  system 
include  pipeless  furnaces  for  smaU  houses  (one  warm  air 
discharge  opening  only),  and  fan  systems  for  larger  buildings. 

{b)  Hot  water  systems:  Sectional  cast-iron  boilers  (vertical  sections 
generally)  heat  water  to  approximately  180°F.  for  distribution 
to  individual  radiators.  Modifications  include  pressure  and 
accelerated  circulation  systems  operating  with  higher  water 
temperatures. 

(c)  Steam  heating  systems  (Fig.  2):  Sectional  cast-iron  boilers 
(vertical  sections  generally)  used  to  produce  vapour  or  steam 
(pressures  up  to  5  lb.  per  sq.  in.)  for  distribution  to  individual 
radiators. 

The  amount  of  gas  used  for  space  heating  varies  inversely  with 
the  outside  temperature.  This  is  definitely  shown  to  be  true  in 
practice  as  well  as  theory  in  many  of  the  large  gas  companies  where 
the  daily  gas  send-out  shows  an  almost  exact  inverse  variation  with  the 
temperature.     This  also  indicates  that  a  great  deal  of  space  heating 
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is  done  with  gas,  particularly  to  assist  existing  inadequate  heating 
systems.  Enormous  increases  in  the  volume  of  gas  sales  can  be 
expected  from  the  house-heating  business  and  the  subject  should  be 
worthy  of  the  most  careful  consideration  and  study  on  the  part  of 
every  gas  man. 

Factors  Involved  in  House-heating  by  Gas 

Since  gas  is  being  considered  more  than  ever  as  a  fuel,  it  does  not 
seem  consistent  to  hesitate  in  developing  its  largest  field  of  expan- 
sion, particularly  when  it  is  an  application  that  suits  the  purpose 


Fig.  2.     Warm  air  furnace.     An  electric  storage  heater  can  be  seen  just 
to  the  left  of  the  cold  air  return  duct  of  the  furnace. 


so  well  that  the  public  use  it  in  spite  of  makeshift  appliances  and 
other  inconveniences.  Central  house-heating  systems  render  such 
excellent  service  when  properly  installed  and  under  thermostatic 
control,  that  the  use  of  makeshift  appliances  ought  to  be  thoroughl}' 
discouraged.  It  is  well  to  reiterate  the  need  for  careful  considera- 
tion and  study  to  ensure  that  an  installation  is  adequate,  safe,  and 
reliable;  the  gas  company  should  stand  ready  at  all  times  to  assist 
the  consumer  if  occasion  arises. 
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The  first  thought  that  enters  the  consumer's  mind  is  the  cost  of 
installing  and  operating  such  new  equipment.  He  will  always  want 
to  know  if  he  cannot  use  his  old  coal-boiler,  and  insert  gas  burners  to 
make  a  conversion  much  the  same  as  is  recommended  by  oil-burner 
manufacturers.  That  this  is  possible  must  be  immediately  apparent, 
but  the  consensus  of  opinion  among  leading  gas  engineers  is  that 
conversions  generally  result  in  poor  operation  and  high  gas  bills. 
The  details  of  the  findings  about  conversions  will  be  discussed  in  a 
later  section,  taking  up  the  various  experiments  with  converted 
systems  and  the  conditions  necessary  for  making  a  successful 
conversion. 

The  question  of  the  advisability  of  encouraging  a  wholesale  appU- 
cation  of  gas  to  house-heating  is  a  local  one.  Each  gas  man  must 
calculate  for  himself  the  conditions  imder  which  house-heating 
becomes  desirable,  or  in  some  instances  possible. 

Many  factors  enter  into  the  house-heating  problem.  From  the 
gas  company's  standpoint  the  principal  considerations  are: 

(a)  Rates.''-  The  economic  problems  which  are  involved  are  so 
complex  that  no  extended  discussion  of  the  subject  is  possible  in 
this  paper,  but  basically,  rates  are  the  determining  factor  in  the 
amount  of  house-heating  business  which  can  be  acquired.  That 
gas-fired  house-heating  requires  a  larger  investment  in  plant  and 
equipment  than  the  ordinary  domestic  load  has  been  well  estab- 
lished, but  in  spite  of  this  there  appears  ample  justification  for  the 
adoption  of  lower  house-heating  rates. 

The  usual  method  of  determining  rates  would  make  it  difficult  to 
show  that  house-heating  gas  could  be  sold  at  any  price  less  than 
that  now  charged  for  domestic  gas.  However,  in  view  of  the  great 
popular  interest  in  the  subject  and  the  essential  utility  of  gas  for 
home  heating,  some  other  method  of  devising  a  rate  appears  justified. 

The  problem  is  not  a  comparison  of  the  present  composite  load 
with  a  load  of  equal  volume  consisting  exclusively  of  house-heating; 
it  is  rather  a  comparison  of  the  present  load  with  a  combination 
of  the  present  load  and  a  new  house-heating  load.  On  this  basis, 
it  is  fair  to  assume  that  a  great  deal  of  the  existing  equipment  can 
be  used  for  house-heating  so  that  only  the  cost  of  such  additional 
equipment  as  may  be  necessary  should  be  charged  into  the  house- 
heating  rate. 

This  whole  argument  depends  on  the  propriety  of  charging  the 
additional  business  only  with  the  additional  costs,  a  principle  which 


^Theodore  V.  Purcell,  A.G.A.  Proceedings,  1925. 
Appendix  2,  Report  of  A.G.A.  Committee  on  Rate  Structure. 
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is  already  an  established  practice  with  railroads  and  electric  com- 
panies. No  unfair  burden  should  thus  be  placed  on  the  strictly 
domestic  consumers,  and  in  the  long  run  it  should  result  in  reduction 
of  costs,  owing  to  improvements  in  manufacturing  methods  made 
possible  through  increased  production. 

(b)  Climate.  A  study  of  local  climatic  conditions  is  absolutely 
essential,  because  this  affects  both  the  design  and  size  of  the  equip- 
ment, as  well  as  the  gas  consumption  ;  this  point  will  be  later 
treated  in  detail.  Those  gas  companies  favoured  by  long  heating 
seasons  without  extreme  temperatures  will  find  house-heating 
most  attractive. 

(c)  Plant  Capacity.  The  method  of  calculating  the  probable  gas 
requirements  for  any  local  conditions  will  also  be  considered  later. 
It  is  the  required  capacity  for  the  maximum  days  that  is  so  import- 
ant in  connection  with  house-heating.  It  is  the  opinion  of  many 
engineers  that  a  considerable  proportion  of  house-heating  customers 
can  be  added  to  the  lines  without  overloading  the  plant  capacity. 
By  "plant  capacity"  is  meant  the  capacity  of  that  feature  of  the 
equipment  which  limits  the  total  amount  of  gas  which  can  be  pro- 
duced for  distribution. 

The  American  Gas  Association  devised  a  new  unit,  now  nationally 
used  in  the  heating  trade,  to  correlate  the  length  with  the  severity 
of  the  heating  season.  The  unit  is  called  the  degree-day,  and  is 
defined  as  the  product  of  the  number  of  days  on  which  the  average 
daily  outside  temperature  goes  below  65  °F.  and  the  number  of 
degrees  below  65 °F. 

(b)  Distribution  Capacity.  The  distribution  system  is  normally 
subjected  to  very  severe  peak  loads  which  may  represent  as  much 
as  one-fifth  of  the  maximum  day  send-out  in  a  single  hour,  and  to 
this  the  house-heating  load  must  be  added.  A  comparison  made 
in  Chicago^  showed  the  maximum  hour  (coincident)  of  forty-three 
house-heating  consumers  on  the  coldest  day  (January  5,  1924  — 
outside  mean  temperature  minus  10°F.)  to  be  1 1,160  cu.  ft.  per  hour 
and  the  non-coincident  maximum  to  be  17,473  cu.  ft.  per  hour. 

{e)  Peak  Loads.  House-heating  requires  gas  practically  in  inverse 
variation  with  the  temperature,  so  that  on  the  coldest  day  the 
maximum  gas  production  capacity  will  be  called  into  use  because 
every  house-heating  consumer  is  likely  to  be  burning  gas  almost 
continuously.      Whether    these    peaks    of    demand    would    occur 

^  House  Heating,  by  Charles  A.  Munroe.     A.G.A.  Proceedings,  1924. 
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simultaneously  with  existing  peaks  is  an  important  point  for  each 
gas  company  to  consider. 

(/)  Diversity.  The  simultaneous  use  of  gas  for  house-heating  and 
for  domestic  purposes  may  threaten  to  overload  the  distribution 
system.  An  analysis  of  the  expected  diversity  is  most  important, 
but  as  yet  there  appears  to  be  considerable  difference  of  opinion  on 
this  subject.  Chicago  reports^  a  diversity  factor  of  1  -55  between 
house-heating  customers,  that  is  the  maximum  hour  consumption 
of  the  forty-three  house-heating  consumers  (17,750)  is  1*55  times 
the  maximum  coincident  one  hour  consumption  for  the  group 
(11,300  cu.  ft.). 

From  the  customer's  view  these  factors  have  no  consequence.  He 
is  interested  in  the  cost  and  the  service  rendered.  This  will  be 
affected  by  the  following  considerations: — 

{g)  Construction  and  Location  of  the  Btiilding.  The  use  of  insula- 
tion in  new  homes,  of  weather  stripping  and  double  windows  will 
go  far  in  helping  to  reduce  the  gas  bills.  The  average  frame  dwelling 
is  not  built  with  particular  regard  to  the  heating  requirements. 

The  installation  of  a  gas  boiler  cannot  be  expected  to  correct 
radiation,  defects  in  piping  or  other  parts  of  the  equipment.  How- 
ever, the  imphed  quality  of  heating  service  which  gas  should  render 
will  bring  the  criticism  for  all  such  troubles  to  the  gas  company 
which  should,  therefore,  be  prepared  to  inspect  and  measure  the 
existing  system  before  installing  a  gas  boiler.  If  the  equipment 
is  in  any  way  inadequate,  the  gas  company  should  make  the  neces- 
sary recommendations  for  changes  before  permitting  the  installation 
of  the  new  gas  boiler. 

(h)  Design  of  the  Heating  System.  Gas  equipment  is  available  for 
steam,  hot  water  or  warm  air  sj^stems,  but  it  is  not  advisable  simply 
to  replace  the  existing  plant.  The  service  rendered  by  gas  heating 
is  synonymous  in  the  popular  mind  with  completely  automatic 
heating  requiring  no  attention  on  the  part  of  the  user.  Therefore, 
replacing  the  existing  plant  is  not  enough.  The  gas  company  must 
undertake  to  investigate  the  entire  heating  system  to  insure  its 
adequacy,  correct  design  and  installation,  and  its  adaptability  for 
use  with  a  gas  imit. 

(i)  Cost  of  Operation.  This  is  obviously  the  most  important  point 
in  the  customer's  mind;  and  no  generalisation  about  comparative 
costs  of  coal,' oil  and  gas  heating  are  valid  because  of  the  very  great 
variations  in  the  cost  of  these  fuels  in  different  localities.     The 

^  House-heating  with  Gas,  G.  E.  McKana.  Paper  presented  at  1925  Gas 
Section  Meeting,   Illinois  Gas  Association  Joint  Convention. 
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general  opinion  places  a  margin  of  50  per  cent,  more  than  for  other 
fuels  as  the  practical  limit  of  cost  for  gas  heating. 

Some  communities  have  been  able  to  offer  rates  which  are  low 
enough  so  that  gas  and  coal  house-heating  are  practically  identical 
in  cost.  However,  it  is  to  be  noted  that  even  such  a  comparison 
is  very  unfair  to  gas,  because  the  service  rendered  by  gas  heating  is 
altogether  different  from  the  service  of  the  ordinary  coal-fired 
system.  If  a  recording  temperature  gauge  were  to  be  placed  in  the 
house  with  a  coal-fired  boiler  in  operation,  the  fluctuation  would 
be  over  a  temperature  range  from  65  to  75  degrees,  which  cannot 
be  compared  with  a  fluctuation  from  69  to  71  degrees,  which  can 
be  maintained  with  a  gas-fired  boiler.  Nor  is  it  the  usual  practice 
with  coal-fired  boilers  to  heat  the  entire  house. 

Many  homes  are  run  so  that  only  the  kitchen,  living-room,  and 
dining-room,  and  possibly  the  bath-room  are  heated  to  70  degrees, 
the  balance  of  the  house  is  probably  between  50  and  60  degrees. 
The  gas-fired  installation  on  the  other  hand,  is  designed  to  heat  the 
whole  house  uniformly  and  adequately.  Such  an  automatic  heating 
service  is  entirely  out  of  the  class  of  the  ordinary  home  heating 
methods.  With  gas  and  coal  for  heating  there  is  no  justification 
for  a  comparison  on  the  usual  basis  of  fuel  cost  alone.  Not  only 
is  the  heating  service  automatic,  but  it  is  imiform.  It  is  obtained 
without  worry  or  attention  on  the  part  of  the  house  owner.  Con- 
trast this  with  the  inefficiencies  of  coal  heating,  with  the  dirt  and 
mess  of  ash  removal  and  with  the  uncertainty  of  temperature. 

(J)  Service.  To  impress  the  customer  with  the  advantages  of 
dealing  with  the  gas  company  as  far  as  prompt  and  efficient  service 
is  concerned  should  not  be  difficult. 

The  sale  of  a  coal-fired  boiler  practically  ends  the  manufacturer's 
responsibiUty.  The  coal  dealer  is  not  interested  after  his  product 
is  delivered.  The  gas  company,  on  the  other  hand,  stands  ready 
to  service  the  entire  heating  plant.  Their  interest  is  continuous 
for  their  product,  i.e.,  gas,  is  not  sold  once  but  is  being  furnished  and 
delivered  constantly.  It  is  customary  practice  to  have  men  ready 
for  service  at  all  times  of  day  or  night.  The  emergency  telephone 
numbers  are  usually  printed  on  the  direction  card  for  boiler  opera- 
tion and  hung  up  in  a  conspicuous  place. 

Estimation  of  Gas  Required  for  House-heating 
The  efficiency  curve  of  gas-fired  equipment  is  a  very  flat  one  over 
wide  variations  in  load.    Moreover,  most  of  the  house-heating  appli- 
ances operate  with  snap  valves  actuated  by  the  room  thermostat 
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turning  the  gas  all  on  or  all  off.  The  use  oi  snap  valves  means 
that  the  unit,  when  operating,  is  operating  at  full  load  and  therefore 
at  a  constant  efficiency. 

From  data  collected  in  many  thousand  installations,  it  was  foimd 
possible  to  set  up  certain  basic  figures.  The  first  factor  which  had 
to  be  eliminated  or  compensated  for  in  comparing  gas  consumption 
figures  from  different  installations  was  the  difference  in  size.  All 
data  were  placed  on  common  ground  by  calculating  the  gas  con- 
sumption "per  unit  of  heating."  This  might  be  the  square  foot  of 
cast-iron  steam  radiator  surface  (240  B.Th.U.  per  hour  heat  emission 
in  still  air  at  70°F.),  or  the  square  foot  of  hot  water  radiator  surface 
(150  B.Th.U.  per  hour),  or  any  other  unit  as  the  case  may  be. 


ISO-DEGREE  DAY  MAP 


Fig.  3.     Iso-Degree-Day  Map  of  the  United  States  of  America. 

These  figures  were  then  corrected  for  variations  in  the  B.Th.U. 
value  of  the  gas  served. 

The  resulting  figures  were  still  widely  different,  although  the  cause 
for  the  variation  was  well  understood.  Duration  and  severity  of 
the  heating  season  were  still  to  be  accounted  for.  The  "degree- 
day"  unit  was  devised  and  it  proved  most  satisfactory  for  the 
purpose. 

The  mean  daily  temperature  that  marked  the  border  lines  of  the 
heating  season  was  found  to  be  65°F.  When  the  outside  mean 
temperature  went  below  65°F.  and  stayed  there,  it  was  certain  that 
every  gas  house-heating  plant  was  placed  in  operation.     The  gas 
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used,  moreover,  was  in  proportion  to  the  difference  between  the 
outside  temperature  and  65°.  On  a  day  with  a  temperature  of 
35°F.  only  half  as  much  gas  was  used  as  on  a  day  when  the  tem- 
perature averaged  5°F. 

The  degree-days  for  the  United  States  are  shown  on  the  Iso- 
degree-day  map*  (Fig.  3). 

The  compensation  for  weather  can  easily  be  made  and  a  set  of 
fixed  unit  figures  obtained  giving  the  B.Th.U.  which  must  be 
furnished  in  the  gas  per  unit  of  heating  per  degree-day.  This 
figure  has  been  plotted  on  Fig.  4,  giving  it  in  the  more  convenient 


500  600  700 

B.TU.  VALUE  OF  GAS 


1.  Cu.  ft.  of  gas  per  »).  ft.  installed  hot  water  radiatU 

2.  Cu.  ft.  of  gas  per  sq.  ft.  installed  steam  radiation. 


3.  Cu.  ft.  of  gas  per  100  cu.  ft.  building  contents  hot  air  system. 

4.  Cu.  ft.  of  gas  per  1000  B.t.  u.  hourly  loss  from  building  hot  air  system 


Fig.  4.     Gas  requirements  per  degree-day. 

form  of  cu.  ft.  of  gas  per  degree-day  per  unit  of  heating  for  gases 
of  varying  B.Th.U.  content. 

In  order  to  estimate  the  gas  consumption  for  any  given  condition, 
unit  figures  can  be  read  from  Fig.  4,  and  when  these  are  properly 
applied  a  fair  average  for  gas  consumption  will  be  secured.  It  is 
necessary  to  emphasise  the  essentially  average  character  of  such 
estimates  because  the  individual  house  will  often  present  very 
considerable  variations.  The  causes  for  such  divergences  are  too 
numerous  to  consider  in  detail  here,  but  for  groups  of  house-heating 

*  The  small  figures  in  the  circles  are  numbers  referring  to  various  cities. 
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installations  extraordinarily  close  agreement  between  prediction 
and  actual  result  will  be  found. 
The  methods  outlined  here  have  been  repeatedly  tried  and  are 
believed  to  be  as  correct  a  basis  for  the  estimation  of  the  probable 
gas  consumption  for  house-heating  as  the  present  state  of  knowledge 
of  this  subject  affords. 

Step  1.  Read  from  Fig.  4  the  cu.  ft.  of  gas  per  degree-day  corres- 
ponding to  the  B.Th.U.  value  of  the  gas  and  the  type  of  heating 
system  under  consideration. 

Step  2.  Multiply  this  by  the  number  of  degree-days  and  by  the 
sq.  ft.  of  installed  iradiation  (or  corresponding  unit  for  curves 
3  and  4). 

Example  1.  What  would  be  the  gas  consumption  for  a  town  having 
twenty-five  steam  heating  installations,  average  amount  of  radiation 
installed  400  sq.  ft.,  twenty  hot  water  installations  with  an  average  of  640 
sq.  ft.,  installed  radiation,  and  ten  warm  air  systems  in  homes  whose 
cubical  contents  average  25,000  cu.  ft.  on  a  day  when  the  average  outside 
temperature  was  10°F.  and  the  gas  supplied  contained  550  B.Th.U. 
per  cu.  ft.? 

Read  on  Fig.  4  across  from  the  intersection  of  the  dotted  line  at  550 
B.Th.U.  with  the  corresponding  curves: — 

Steam:  0-21  cu.  ft.  gas  per  degree-day  per  sq.  ft.  steam  radiation 
Hot  water:  0-12  cu.  ft.  gas  per  degree-day  per  sq.  ft.  hot  water  radiation. 
Warm  air:  0-54  cu.  ft.  gas  per  degree-day  per  100  cu.  ft.  building  content. 
On  a  day  when  the  outside  temperature  is  10°  there  are  55  degree-days 
then: — 

Steam      0-21  x  55  x  400  X  25=  115,500  cu.  ft. 

Hot  water  0-12x55x640x20=    84,480 

Warm  air  0-54x55x250x10=    74,250 


Total  ...  274,230  cu.  ft. 


Similarly,  for  the  seasonal  requirements  of  a  particular  installation,  it  is 
only  necessary  to  use  the  proper  degree-day  figure  in  place  of  those  shown 
in  the  above  example. 

Example  2.  In  a  certain  New  England  district  there  are  sixty-two 
steam  heating  installations  averaging  330  sq.  ft.  of  steam  radiation  and 
twenty-five  hot-water  heating  installations  averaging  661  sq.  ft.  hot- 
water  radiation.  What  is  the  annual  amount  of  gas  used  for  house- 
heating  during  a  heating  season  of  6,000  degree  days?  B.Th.U.  of  gas 
is  535. 

Steam      0-218  x  62  x  330  x  6,000=  26,761,680  cu.  ft. 

Hot  water  ...     0-128x25x661x6,000=12,691,200 


Totals  39,452,880 


*  The  actual  reported  total  for  these  installations  was  26,731,700  cu.  ft.  for 
steam,   12,984,000  cu.  ft.  for  hot  water. 
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Load  Factor 
The  evidence  in  the  house-heating  business  indicates  that  the  gas 
companies'  gas-producing  equipment  will  be  heavily  burdened  as 
the  volume  of  business  grows.  The  average  domestic  customer 
used  30,000  cu.  ft.  of  gas  per  year;  should  he  be  a  house-heating 
customer  too,  he  would  use  about  300,000  cu.  ft.  of  gas  in  addition; 
a  ten-fold  increase  in  consumption,  raising  the  annual  gas  con- 
sumption to  staggering  totals. 

There  is  another  side  to  the  picture.  This  increase  in  consumption 
brings  with  it  exceptional  peaks  of  daily  demand,  necessitating  more 
gas  generating  capacity.  Some  companies  have,  in  the  past,  been 
of  the  opinion  that  such  heavy  peaks  would  result  in  financial  ruin, 
were  they  to  build  plants  capable  of  meeting  them,  just  because  so 
much  equipment  would  have  to  stand  idle  for  the  greater  part  of 
the  year. 

Two  factors  tend  to  offset  this;  first,  that  even  with  attractive 
rates,  the  sale  of  gas  house-heating  is  necessarily  a  slow  process;  and 
second,  that  as  gas  is  sold  for  house-heating  other  new  fields  for 
gas  can  be  developed  which  will  serve  to  balance  the  winter  house- 
heating  peaks  and  thus  reduce  the  investment  charge  of  idle  equip- 
ment. 

It  is  possible  to  predict  the  effect  of  house-heating  on  the  existing 
load  factor  with  fair  accuracy.  The  load  factor  is  defined  as 
follows^: — 

Load  factor  for  a  designated  time  interval  is  the  ratio  of  the  actual 
volume  to  the  possible  volume  that  could  flow  if  the  specified  maximum 
demand  continued  during  the  whole  interval  and  should  be  expressed 
in  per  cent. 

The  effect  of  this  partial  utilisation  of  available  plant  capacity  in 
its  relation  to  the  investment  charge  per  unit  of  gas  produced,  has 
been  provided  for  by  the  existing  rate  structure.  On  the  other 
hand,  by  the  introduction  of  house-heating  the  relation  of  plant 
capacity  to  actual  send-out  becomes  worse  since  the  maximum  da}' 
requirements  are  so  very  high.  Will  the  existing  rate,  then,  be 
satisfactory  for  house-heating  service? 

To  answer  this,  new  load  ratios  have  been  calculated  showing  the 
effect  of  increasing  loads  due  to  house-heating.  These  ratios  drop 
lower  and  lower  with  increased  house-heating,  but  even  though  this 
will  entail  increases  in  plant  investment,  the  cost  of  gas  for  house- 
heating  will  be  favourably  affected  by  certain  other  factors  that 

*  Report  of  A.  G.  A.  Committee  on  Definitions,  October  14,  1925. 
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enter.  In  the  first  place,  the  production  cost  of  gas  will  be  lowered 
because  of  greater  volume  of  business;  the  distribution  cost  will  be 
lower  because,  in  most  cases,  house-heating  will  mean  a  fuller 
utilisation  of  the  existing  system;  the  accounting  cost  will  be 
lower  because  of  the  larger  units  of  gas  sold  to  each  customer. 

A  survey  of  the  load  factors  of  the  principal  gas  companies  shows 
that  68  per  cent,  can  be  considered  good  practice.  What  this  means 
could  best  be  illustrated  by  an  actual  example: — 

Example   3. 

Town  A.      Annual  gas  send-out     2,824,156,000  cu.  ft. 

Maximum  24  hr.  send-out    ...  11,356,000  cu.  ft. 

By  definition  the  load  factor  would  be 

2,844, 156,000  X  100 

Load  factor     =68  per  cent. 

11,356,000x365         — 

Town  B.      Annual  gas  send-out      2,388,667,000  cu.  ft. 

Maximum  24  hr.  send-out     ...  17,972,000  cu.  ft. 

2,388,667,000  X  100 

Load  factor =  36  per  cent. 

17,972,000x365         — 

Curiously  enough,  Town  B,  with  a  very  low  load  factor  is  further 
handicapped  by  a  severe  winter  peak  load.  House-heating  would 
render  their  conditions  less  satisfactory,  but  in  the  case  of  Town  A 
with  a  good  load  factor  and  a  summer  peak,  house-heating  by  gas 
would  increase  the  utilisation  of  existing  equipment  and  in  this 
way  help  reduce  the  cost  of  gas. 

Instead  of  using  the  term  load  factor,  the  utilisation  of  plant 
capacity  can  be  expressed  as  the  ratio  of  the  maximum  day  send- 
out  to  the  annual  send-out.  A  load  factor  of  68  per  cent,  is  thus 
equivalent  to  a  ratio  of  1/250. 

The  significance  of  the  load  factor  cannot  be  under-estimated  in 
its  effect  on  the  desirability  of  the  house-heating  load.  It  is  of  the 
utmost  importance  to  have  a  clear  understanding  of  the  numerical 
value  of  this  ratio  and  how  it  varies,  before  encouraging  the  adop- 
tion of  gas  fired  house-heating.  By  means  of  data  already  pre- 
sented, the  value  of  the  ratio  can  be  calculated  for  any  condition, 
Example  1  has  shown  the  method  of  calculating  the  daily  gas  con- 
svunption,  and  to  this  is  added  the  maximum  day  send-out,  which 
exists  independently  of  the  house-heating  load.  Similarly,  example 
2  shows  the  method  of  determining  the  annual  house-heating  load 
which  is  then  added  to  the  original  gas  send-out.  The  new  load 
factor  is  the  ratio  of  the  total  maximum  day  to  the  total  send-out. 

A  typical  eight-room  house  will  use  3,950  cu.  ft.  of  gas  on  the 
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coldest  day  in  the  Central  South  (1,100  degree-days;  +20°F.  mini- 
mum) ;  3,072  cu.  ft.  on  the  Pacific  Coast  (3,500  degree-days;  -|-30°F. 
minimum);  5,706  cu.  ft.  in  the  East  (5,400  degree-days;  0°F. 
minimum),  and  6,583  cu.  ft.  in  the  North  (8,100  degree-days; 
-10°F.  minimum).  The  outside  temperature  for  this  calculation 
has  been  taken  as  the  design  temperature.  At  this  time  the 
burners  will  operate  close  to  sixteen  hours  out  of  twenty-four, 
making  it  possible  to  have  some  diversity  between  customers. 
However,  practically  all  the  installations  require  the  greatest  amount 
of  heat  in  the  morning,  when  the  cold  houses  are  being  brought 
back  up  to  temperature  (and  outdoor  temperatures  are  likely  to  be 
at  the  lowest  point).  The  chances  are  that  the  maximum  co- 
incident load  will  occur  between   the  hours  of  8  and  10  a.m. 

Having  developed  the  seasonal  effects,  it  is  now  necessary  to 
analyse  the  maximum  day  conditions  assuming  that  the  existing 
maximum  day  will  coincide  with  the  peak  day  due  to  house-heating 
alone.  It  is  evident  that  this  super-imposing  of  loads  represents 
the  worst  possible  condition;  one  which  is  likely  to  occur  when  a 
very  cold  day  happens  to  fall  on  the  national  hohdays  when  a  great 
deal  more  cooking  is  done  than  usual.  Thanksgiving  Day  or 
Christmas  are  often  the  peak  days,  but  they  are  not  usually  the  days 
on  which  house-heating  peaks  are  likely  to  occur. 

For  the  analysis,  the  worst  possible  case  has  been  chosen.  The 
gas  required  for  house-heating  installations  on  the  coldest  day  has 
been  added  to  the  maximum  day  gas  send-out  without  house- 
heating. 

The  results  of  these  calculations  are  so  striking  that  they  warrant 
detailed  and  separate  study.  Starting  with  so  small  a  number  as 
1  per  cent,  of  the  consumers- — only  200  average  gas-fired  boiler 
installations  in  a  city  of  100,000  population — a  pronounced  drop 
of  the  load  factor  will  occur.  Except  in  the  favourable  climates 
of  the  Pacific  Coast,  the  effect  of  adding  to  the  normal  maximmn 
day  send-out,  the  amount  of  gas  required  to  heat  that  1  per  cent,  of 
gas-fired  house-heating  installations  is  enough  to  lower  the  load 
factor  from  1  250  to  1  200.  On  the  Pacific  Coast  the  heating 
season  is  spread  out  over  a  much  longer  period  and  does  not  show 
the  extremes  of  temperatures  that  occur  elsewhere,  so  that  the  peak 
demands  for  gas  are  much  less  and,  correspondingly,  the  decrease 
in  the  load  factor  is  only  from  1/250  to  1/219.  San  Francisco,  for 
example,  has  average  monthly  temperatures  which  only  vary  from 
a  low  of  50°F.  to  a  high  of  59°F.  during  the  entire  year,  the  lowest 
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daily  temperature  for  the  winter  not  falling  below  30°F.  There- 
fore, even  though  the  total  annual  gas  consumption  for  house- 
heating  may  be  no  less  than  for  cities  with  an  equal  number  of 
degree-days,  yet,  because  of  the  distribution  of  the  heating  season 
and  the  absence  of  low  temperatures,  the  maximum  day  demand  is 
comparatively  small.  The  situation  existing  there  is  much  more 
favourable  to  house-heating  by  gas  than  in  any  other  locahty  in 
the  United  States.  Thus,  Galveston,  which  is  much  further  south, 
having  only  one-third  of  the  total  number  of  degree-days  than  San 
Francisco  has,  presents  a  more  difficult  heating  problem  on  account 
of  lower  winter  temperatures.  Repeatedly,  the  daily  temperature 
has  reached  15°F.,  which  must  be  provided  for  in  the  design  of  a 
heating  system. 

Disregarding  the  Pacific  Coast  figures  for  the  moment,  it  will  be 
seen  that  the  coldest  and  severest  climate  appears  to  have  the  best 
load  factor.  Analysis  will  show  that  the  reason  for  this  is  in  the 
fact  that  the  winters  are  longer,  and  while  exceptionally  severe  cold 
is  encountered  now  and  then,  the  relation  between  the  length  of  the 
winter  and  the  coldest  day  is  better  in  the  north;  stating  this  in 
terms  of  degree-days,  the  total  number  of  degree-days  in  the  heating 
season  increases  more  rapidly  as  one  moves  North  than  does  the 
number  of  degree-days  occurring  on  the  coldest  day,  for  which  the 
heating  system  must  be  designed.  Looking  at  the  load  factors 
when  10  per  cent,  of  the  consumers  use  gas  for  house-heating,  it 
appears  that  the  effect  of  the  long  winter  becomes  more  and  more 
important,  until  even  the  equable  climate  on  the  Pacific  Coast  is 
not  in  as  good  a  position  as  the  far  North. 

Returning  to  a  study  of  the  effect  of  1  per  cent,  gas-fired  house- 
heating,  further  interesting  material  is  brought  to  light.  The  new 
maximum  day  requirement  will  be  from  1  -3  (Pacific  Coast)  to  1  -5 
times  as  great  as  the  existing  domestic  one.  Will  the  present  plant 
capacity  and  distribution  system  be  adequate  to  permit  adding  a 
load  which  for  a  few  days  in  the  year  will  be  30  to  55  per  cent, 
greater  than  the  worst  loads  now  encountered?  That  is  the  question 
which  each  gas  man  must  answer  before  he  can  safely  undertake 
any  considerable  proportion  of  house-heating.  By  slight  modifica- 
tion of  the  calculation,  it  is  easy  to  find  out  how  many  installations 
of  any  given  size  can  be  connected  without  exceeding  the  present 
capacity,  either  in  operation  or  that  can  reasonably  be  expected 
to  be  in  operation,  by  the  time  that  the  calculated  number  of  house- 
heating  systems  has  been  sold  and  installed. 
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The  effects  of  proportionate  amounts  of  house-heating  on  the  loads 
of  cities  of  1,000,000  population,  are  quite  similar  to  the  above. 
The  higher  annual  consumption  due  to  industrial  uses  in  larger 
cities  mitigates,  to  some  extent,  the  severity  of  the  maximmn 
day  load. 

The  actual  operating  data  reported  by  Portland,  Ore.,  where 
house-heating  has  been  undertaken  to  a  considerable  degree,  indi- 
cates that  with  1  -7  per  cent,  of  the  consumers  using  gas-fired  central 
systems,  the  load  factor  dropped  from  1/277  to  1/227.  About 
1,200  homes  are  heated  by  central-fired  gas  systems,  according  to 
which  the  load  factor  should  have  dropped  even  lower  than  1/227, 
but  in  the  calculation  of  the  table  no  attempt  is  made  to  consider 
any  diversity  factor  which  enters  into  the  calculations  in  a  mild 
cHmate,  nor  does  the  maximum  house-heating  day  necessarily 
correspond  with  the  normal  domestic  maxirmmi  day.  If  the  latter 
is  the  case,  considerably  more  house-heating  becomes  practical;  so 
that  companies  whose  peak  load  does  not  occur  in  conjunction  with 
the  expected  house-heating  peak,  will  find  house-heating  attractive, 
at  least  up  to  one  or  two  per  cent,  of  their  consumers.  Such  house- 
heating  can  be  accepted  without  much  change  in  the  existing  plant 
or  storage  capacity.  This  appHes  with  particular  force  where  the 
peak  loads  occur  in  the  sunamer,  for  then  the  house-heating  peak 
will  tend  to  balance  the  domestic  peak  and  the  result  will  be  a  better 
distribution  of  the  gas  load  over  the  entire  year. 

Coal  or  Oil  Requirements  for  House  Heating 
For  comparative  purposes  it  would  often  be  convenient  if  a  quick 
method  of  estimating  fuel  requirements  for  oil  and  coal-fired  systems 
were  available.  Figs.  5  and  6  have  been  plotted  to  give  the  amounts 
of  coal  or  oil  per  sq.  ft.  of  steam  radiation  per  year  for  any  locality 
as  determined  by  the  number  of  degree  days.  Since  these  figures 
vary  widely  with  different  boiler  efficiencies,  several  curves  corre- 
sponding to  efficiencies  from  40  to  80  per  cent,  have  been  drawn. 
To  estimate  the  requirements  of  a  specific  installation  efficiencies 
must  first  be  assumed.  For  a  well-designed  coal-fired  boiler  with 
good  draft  and  adequate  heating  surface,  60  per  cent,  efficiency  is 
easily  attainable.  For  the  corresponding  oil-fired  boiler  the 
efficiency  may  run  a  little  better  than  70  per  cent.  The  smaller  size 
boilers  have  very  low  efficiencies  running  down  to  about  40  per 
cent,  for  coal  and  55  per  cent,  for  oil. 
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TONS  OF  COAL  (2000LBS)  REQUIRED   PER  SQ  FT.  OF  RADIATION  PER  HEATING  SEASON 

AT  VARIOUS    EFFICIENCIES,  BASED  ON    0*F   OUTSIDE    MINIMUM  TEMPERATURE  AND 

70°F   INSIDE   DAY  TEMPERATURE    WITH    60°F    NIGHT  TEMPERATURE 


2000        3000        /:«000 


5000        6000         7000 
DEGREE    DAYS 


8000        9000        10,000 


Fig.  5.     Amount  of  coal  required  per  degree-day 

GALLONS   OF  OIL    (l^O.OOO  B.TU.  PER  GAL.)    REQUIRED   PER   SQ   FT    OF  RADIATION 

PER    HEATING    SEASON    AT   VARIOUS     EFFICIENCIES,    BASED    ON    0°F     OUTSIDE 

MINIMUM    TEMPERATURE    AND    70*F    INSIDE    DAY    TEMPERATURE 

WITH     60*F     NIGHT     TEMPERATURE 


20ÜÖ         3ÖÖÖ        i^ÖÖÖ 


5000         6000         7000 
DEGREE    DAYS 


8000         9000 


Fig.  6.     Amount  of  oil  required  per  degree-day. 


10,000 
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While  comparative  figures  are  only  the  roughest  sort  of  averages, 
it  is  interesting  to  note  them  in  passing.  The  following  table  gives 
the  approximate  equivalents  of  coal,  oil  and  gas  for  house-heating 

purposes: — 

TABLE  I. 
FUEL  EQUIVALENTS  FOR  HOUSE-HEATING 


Tons  of  coal  at  50% 

efficiency;    25,000,000 

B.Th.U.  per  ton. 


I  Thousands    of    cu.  ft.  of 

Gallons  of  oil  at  60%  I  gas    at     TS^o    efficiency; 

efficiency;     145,000  550,000  B.Th.U.  per  1000 
B.Th.U.  per  gallon.  cu.  ft. 


1 

6-96 
0-03 


143  29 

1000  I  203 

4-9  1 


Temperatures 

On  examining  the  temperature  records  of  the  united  States 
Weather  Bureau,  it  wdll  be  noted  that  certain  extreme  low  tempera- 
tures have  been  recorded  for  every  locality,  but  that  these  low 
points  neither  occur  very  frequently  nor  are  they  of  long  duration. 
In  designing  a  heating  plant,  then,  one  is  not  justified  in  using  the 
lowest  recorded  temperature  for  the  outside  design  temperature. 
It  is  customary  to  use  a  temperature  not  more  than  10°F.  over  the 
lowest  reported  during  the  ten  years  preceding. 

The  basis  for  determining  the  amount  of  heat  required  is  a  difiicult 
point  to  fix.  The  extremes  of  temperature  which  are  occasionally 
encountered  in  the  north-western  states  where  30°  or  40°F.  below 
zero  is  not  uncommon,  are  so  great  that  a  heating  plant  designed 
to  meet  them  would  be  too  large  for  the  greater  part  of  the  year,  and 
would  make  it  necessary  to  operate  under  partial  load,  which  is 
never  an  efficient  procedure.  It  becomes,  therefore,  a  matter  of 
considerable  nicety  of  judgment  to  determine  what  basis  should 
be  used.  For  example,  if  a  building  were  designed  for  70°F.  inside 
with  0°F.  outside  and  the  temperature  should  drop  to  minus  30°F., 
the  resultant  interior  temperature  could  not  be  raised  over  45°F. 
with  the  available  heating  surface. 

Interior  design  temperatures  depend  on  the  use  to  which  the  build- 
ing is  to  be  put,  and  usually  are  assumed  to  be  measured  at  the 
breathing  line  (5  ft.  over  the  floor),  and  at  least  3  ft.  from  the  outside 
walls.  In  many  cases  the  design  temperature  for  different  portions 
of  the  same  building  will  vary.  The  following  table  gives  the 
values  which  are  in  conformity  with  good  practice: — 
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TABLE  II. 
ACCEPTED    INSIDE    TEMPERATURES    FOR    COMFORT 


Buildings. 
Baths 

Churches — Auditorium 
Churches — Other  rooms 
Factories 
Foundries 
Garages   ... 
Hospitals 

Hospitals — Operating  rooms 
Hothouses 
Office  Buildings... 
Paint  Shops 
Public  Buildings 
Residences 
Schools 

Unfinished  Attics' 
Finished  Attics' 
Unexcavated  Spaces'   ... 
Ground'  ... 


Temperature  °F. 
85 

65—68 
70 
65 

50—60 
50—55 
72—75 
85 
75 
70 
80 

68—72 
70 
70 
15 
25 
35 
50 


The  Insulation  of  Buildings  against  Heat  Loss 

In  ordinary  house  construction  little  thought  had  been  given  in 
the  past  to  the  saving  of  heat.  The  growing  use  of  gas,  especially 
manufactured  gas,  has  led  builders  to  consider  improved  forms  of 
construction  seriously,  so  that  the  fuel  requirements  of  the  house 
might  be  lower.  In  doing  this  it  would  become  possible  to  heat  a 
house  with  a  better,  although  more  expensive  fuel,  such  as  manu- 
factured gas,  still  keeping  the  annual  budget  for  heating  at  about 
the  same  level;  and  it  must  not  be  forgotten  that  American  heating 
practice  caUs  for  much  warmer  buildings  than  are  customarily 
required  in  Europe.  The  American  home  is  kept  at  70°F.  and 
warmer. 

Heat  losses  occur  in  six  important  ways: — 

1.  By  air  infiltration. 

2.  By  transmission  through  glass. 

3.  Through  walls. 

4.  Through  roofs. 

5.  Through  floors. 

6.  Through  doors,  skylights  and  other  building  openings. 

Houses  of  common  construction  may  be  perfectly  tight  against 
the  entrance  of  rain  or  snow,  but  they  lose  heat  at  a  high  rate. 
Where  gas  is  the  fuel,  this  would  result  in  a  correspondingly  high 
fuel  bill. 

The  American  Gas  Association  has  under  way  at  present  an 
attempt  to  evaluate  the  percentage  of  heat  loss  through  the  various 


In  the  northern  part  of  the  United  States. 
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ways  mentioned.  The  indications  are,  that  infiltration  accounts 
for  20-5  per  cent,  of  the  total  loss;  glass  and  doors  for  25  per  cent.; 
walls  for  27  per  cent.;  floors  for  13-5  per  cent.;  and  ceilings  or 
roofs  for  14  per  cent. 

There  are  several  methods  of  saving  some  of  this  heat  loss.  Each 
of  these  methods  costs  money,  and  calculations  must  be  made  to 
determine  whether  it  is  more  economical  to  lose  the  heat  or  to 
increase  the  investment  charges  on  the  building  in  order  to  save 
the  heat.  The  use  of  heat  stops  will  enable  the  builder  to  reduce 
the  amount  of  radiation,  the  boiler  size,  and  the  amount  of  piping 
to  be  installed.  It  will  reduce  the  fuel  consumption  and  these 
savings  must  be  more  than  enough  to  offset  the  increased  cost. 

Since  labour  of  installation  is  the  highest  charge  in  any  insulation 
construction,  there  will  be  certain  expenditures  which  will  represent 
the  maximum  economy.  This  feature  must  be  worked  out  with 
some  understanding.  In  other  words,  it  costs  almost  as  much  to 
install  a  thin  layer  of  insulation  as  it  does  to  install  a  thick  layer, 
but  the  thin  layer  may  often  not  result  in  an  actual  saving  in  cost. 
Considering  the  methods  of  heat  loss  seriatim  and  studying  the  heat 
stops  which  can  be  applied  to  each,  we  start  with  infiltration  losses. 

Reducing  the  Infiltration  Loss.  The  first  point  to  consider  is  the 
use  of  weather-stripped  windows.  In  general  the  air  infiltration 
can  be  estimated  from  the  table  given. 


TABLE  III. 

AIR    INFILTRATION    FOR    PLAIN    AND    WEATHER-STRIPPED 

WINDOWS 


Cu.  ft.  of  air  per  hour  per  foot  length  of  crack 

per   mile   of  wind   velocity  for  double   hung 

Size  of  window 

windows. 

clearance. 

1 

Plain  windows. 

Weather-stripped 
windows.* 

A  in- 

3-4 

1  •48-2-04 

Ä  in- 

5-2 

1  •63-2-24 

^5  in- 

71 

1-72-2-35 

i  in. 

8-9 

1-75-2-43 

^  in- 

12-5 

1-78-2-52 

iin. 

161 

1-79-2-59 

Weather  stripping  is  most  easily  applied  at  the  time  of  building 
the  house.  It  has  a  disadvantage  in  that  some  forms  of  weather 
stripping  lose  their  effectiveness  with  continued  use.     In  spite  of 

•Figures  range  from  crack  sizes  of  ^  in.  to  J  in. 
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this  they  are  a  very  important  economy  in  house  heating.  Double 
windows  are  used  in  those  cases  where  even  greater  tightness  is 
desired  than  can  be  effected  by  weather  stripping.  By  this  is 
meant  an  entire  separately-fitted  window,  not  merely  two  panes 
of  glass  set  into  the  same  sash.  The  latter  construction  is  effective 
as  far  as  the  heat  loss  through  the  glass  is  concerned — cutting  it  in 
about  one  half — but  has  no  bearing  on  the  infiltration  loss.  The 
double  windows,  on  the  other  hand,  are  useful  both  in  increasing 
tightness  and  in  cutting  down  the  heat  loss  through  glass. 

The  best  form  of  construction  is  a  well-fitted  window  attached 
with  a  felt  gasket  between  the  window  sash  and  the  frame.  Such 
a  felt  should  be  removed  each  year,  as  it  hardens  in  service  and  is  not 
efïective  unless  changed  annually.  A  cheap  loose-fitting  window 
is  a  comparatively  poor  economy. 

The  American  Gas  Association  has  completed  studies  which  indi- 
cate that  the  conventional  velocity  figure  of  15-mile  wind  velocity 
is  not  the  best  one  to  use  in  order  to  secure  proper  distribution  of 
radiators  throughout  a  house.  The  study  under  way  contemplates 
calculating  for  each  community  the  direction  and  velocity  of  the 
maximum  wind  and  temperature  conditions. 

A  special  form  of  heat  stop  in  the  case  of  plain  frame  windows  set 
in  brick  walls  is  to  caulk  the  frames.  Cracks  of  j  in.  or  more 
around  the  window  frame  are  very  common,  making  the  infiltration 
of  a  building  twice  the  amount  assumed  for  window  crack  alone. 

Incidentally,  one  of  the  new  insulating  materials  described  later 
is  well  suited  for  this  purpose,  as  it  can  be  applied  with  a  spray  gun, 
making  it  easy  to  fill  in  cracks  around  windows,  or  above  building 
wall  plates  or  cracks  under  the  eaves. 

While  on  the  subject  of  stopping  air  infiltration,  it  may  be 
remarked  that  it  might  be  thought  that  the  adequate  ventilation 
of  the  building  would  be  interfered  with.  The  law  in  New  York 
State  requires  a  minimum  of  30  cu.  ft.  of  air  per  minute  per  child 
in  schools.  This  is  presumably  a  very  conservative  estimate  of 
minimum  ventilation  requirements.  In  an  average  house  of  25,000 
cu.  ft.  content  even  the  tightest  construction  would  leave  three- 
quarters  of  an  air  change  as  above  per  hour,  thus  providing  about 
21,000  cu.  ft.  of  air  per  hour.  With  a  family  of  five  this  represents 
4,000  cu.  ft.  of  air  per  hour,  or  66  cu.  ft.  of  air  per  minute  per 
person,  which  is  about  double  the  school  requirement. 

Insulation  of  Walls  and  Roofs.  The  most  popular  phase  of  the 
insulation  question  at  the  present  time  is  the  insulation  of  walls 
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and  roofs  with  all  kinds  of  material  used  as  heat  stops.  Table  IV. 
shows  the  thermal  conductivity  in  B.Th.U.  per  sq.  ft.  per  degree 
Fahrenheit  difference  in  temperature  per  hour  per  inch  of  thickness. 

As  indicated  in  the  remarks  column,  these  materials  are  both 
rigid,  flexible  and  granular.  They  are  available  in  board  form, 
quilting  or  blankets,  and  as  semi-flexible  fibrous  materials.  They 
can  be  used  in  the  form  of  dry  powders  or  applied  as  sludges.  They 
can  be  applied  from  a  spray  gun  [S pr ay -0 -Flake,  not  included  in  the 
table  but  recently  added  to  the  list;  conductivity  approximately 
0-28).  Loose,  powdered,  and  granular  material  such  as  Hominsul 
is  not  included  in  the  table  on  account  of  its  relatively  recent  intro- 
duction. These  materials  differ  in  cost  and  in  effectiveness.  They 
are  used  in  thicknesses  ranging  from  ^,.  in.  up  to  the  full  width 
of  the  space  between  inner  and  outer  walls,  which  is  about  3f  in. 
in  customary  American  practice. 

It  will  not  be  possible  in  this  section  to  differentiate  between  the 
effectiveness  of  the  several  materials  except  to  point  out  that  it  is 
important  that  the  quantity  used  be  thick  enough  to  make  the 
overall  transmission  of  the  wall  substantially  lower  than  it  was 
before  applying  the  insulation.  For  example,  it  would  not  be 
satisfactory  to  replace  a  1-in.  wall  sheathing  with  a  |-in.  board 
form  of  insulation  and  expect  any  improvement  in  the  heating 
conditions;  nor  is  it  correct  to  credit  a  wall  with  two  inner  surface 
heat  resistances  when  a  fill-type  of  insulation  is  used,  because  it 
will  occupy  all  the  space  from  inner  to  outer  wall,  and  will  form  a 
solid  conducting  medium  all  the  way  across.  This  cuts  out  the  two 
surface  resistances.  If  quilted  or  semi-rigid  insulation  is  placed 
half-way  between  the  inner  and  outer  wall  it  will  add  two  effective 
surface  resistances  besides  the  value  of  the  insulation,  yet  the  cost 
of  construction  is  much  higher  when  insulation  must  be  nailed  into 
place  with  strips  against  the  studding  rather  than  applied  directly 
against  the  back  surface  of  the  sheathing. 

Insulation  materials  that  are  powdered  are  used  in  very  adequate 
thicknesses,  but  are  apt  to  warp  the  plaster  laths  and  crack  plaster, 
especially  where  applied  as  ceiling  fill.  Dry  insulations,  on  the 
contrary,  do  not  warp  the  laths,  but  they  tend  to  settle,  thus 
increasing  their  density  and  reducing  the  effectiveness  of  insulation 
as  well  as  leaving  bare  spots  at  the  upper  level.  Moreover,  the  fine 
particles  tend  to  creep  out  of  all  openings  in  the  course  of  time. 

For  some  time  it  was  thought  that  roof  insulation  or  insulation  on 
the  top  floor  ceiling  was  the  most  valuable  per  dollar  spent.     This 
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TABLE   IV. 
THERMAL    CONDUCTIVITY    OF    MATERIALS    EMPLOYED    IN    BUILDING    CONSTRUCTION 


Density 
D 

Resistivity 

Resistivity  of 

Material. 

lbs.  persq.  ft. 

Conductivity 

Authority  for 

1 

Commercial 

Remarks. 

of   1" 

ct 

Conductivity 

R  =  — 

Thickness 

thickness 

C 

as  sold* 

Asphalt  Roofing 

5-83 



— 

— 

As  used  015 

Peebles,  Armour  Institute 

Balsam  Wool 

•29 

■26 

Bureau  of  Standards 

376 

i"— 210* 

Flexible    Blanket   of   chemi- 

•28 

■28 

Bureau  of  Standards 

355 

1"  — 4^08* 

cally  treated  wood  fibre 

Beaver  Board     ... 

2^58 

■95 

Herter  (Est.) 

105 

— 

Rigid  Wall  Board 

Brick  Masonry    . . . 

10^6 

500 

Average 

•20 

— 

Common  and  face  brick 

Cabot's  Quilt      ... 

■40 

■25 

Bureau  of  Standards 

400 

single  ply— P39* 

Eel-grass  between  kraft  paper 

■46 

■26 

Bureau  of  Standards 

385 

triple  ply— 256* 

making  flexible  blanket 

Celotex 

120 

■34 

Bureau  of  Standards 

294 

y—\  38* 

Standard  Building  Board 

MO 

■34 

Bureau  of  Standards 

2^94 

i"— I-Tl* 

Railroad  Insul.  Board 

Concrete  Cinder 

— 

235 

Norton 

•43 

— 

Mixture    1-2-4 

Concrete  Stone  ... 

— 

627 

Norton 

•17 



Mixture  1-2-5 

Corkboard; 

■88 

■30 

Bureau  of  Standards 

333 

1"  — 3^33** 
ir— 5  00** 

Rigid  Boards  nailed  to  frame 

Cypress 

240 

■67 

Bureau  of  Standards 

I  49 

— 

Across   Grain 

Fibrofelt 

113 

■32 

Bureau  of  Standards 

313 

i"— 1-56** 
Î"— 238** 

Flax  and  Rye  Fibre 
semi-flexible 

Flaxlinum 

I  08 

■31 

Bureau  of  Standards 

323 

l"~\-80* 
1"— 3  60* 

Flax  Fibre 
serai-flexible 

Gypsum  Plaster... 

3^86 

232 

Bureau  of  Standards 

•43 

i" — 22** 

Hair  Felt 

108 

■26 

Bureau  of  Standards 

3-85 

— 

Felted  Cattle  Hair 

Hairinsul. 

■84 

■27 

Bureau  of  Standards 

367 

r— 205* 

75%  Hair,    25%   Jute 

Hollow  Tile 

— 

350 

Average 

•29 

6"— 200** 

R  for   4"=  154,   8"=  233 

Insulex  No.   12   ... 

100 

•44 

Bureau  of  Standards 

227 

3|"— 8  23** 

Aerated  gypsum 

No.  18   ... 

1^50 

•59 

Bureau  of  Standards 

170 

2"— 3^40** 
3"— 510** 

No.  24  ... 

2^50 

100 

Bureau  of  Standards 

I  00 

2"— 200** 
3"— 3-00** 

Insulite    ... 

135 

•34 

Bureau  of  Standards 

2-«4 

i"— P46* 

Wall  Board 

143 

•35 

Bureau  of  Standards 

286 

i"— P67* 

Insulation  Board 

Limestone 

1325 

4  to  9 

Average 

— 

Linofelt 

■61 

•28 

Bureau  of  Standards 

3-55 

i"— 2  40* 

Flax  Fibre  (Soft) 

Lith          

1-20 

•40 

Bureau  of  Standards 

2-50 

r— 250** 

Flexible    Board    with    Rock 
Wool,  Flax  and  StrawPulp 

Maple       

3^66 

110 

Bureau  of  Standards 

■91 

— 

Across  Grain 

Marble     ... 

1400 

1 4  to  20 

Average 





— 

Masonite 

153 

•32 

Rowley 

311 

i"— 140 

Exploded  wood  fibre 

Mineral  Wool     ... 

Varies 

•28 

Average 

357 

3f"— 12^95** 

Several  brands  available 

Oak          

317 

102 

Bureau  of  Standards 

■98 

— 

Across  grain 

Planer  Shavings... 

■73 

•42 

Bureau  of  Standards 

240 

3f"— 8^7»* 

— 

Pyrocell 

Same  as  for 
den 

[nsulex  of  equal 
sity 

Sandstone 

1200 

8  to  16 

Average 

— 

— - 

— 

Sawdust 

100 

•41 

Bureau  of  Standards 

244 

3f"— 8  85** 

— 

Slate  Roofing 

— 

100 

Average 

■10 



— 

Steel         

3900 

334- 

Lees 

■003 



Carbon  1% 

Thermocrete 

Same  as  for 
den 

[nsulex  of  equal 
sity 

Thermofill 

217 

•52 

Bureau  of  Standards 

192 

31"— 696** 

Powdered    gypsum    used    as 
wall  and  ceiling  fill*** 

Virginia  Pine      ... 

284 

•96 

Bureau  of  Standards 

1-04 

— 

Across  grain 

jC=  B.Th.U.  per  square  foot,  per  in.  thickness,  per  degree  F.  temperature  difference,  per  hour. 

•Values  marked  with  a  single  asterisk  are  from  Table  2,  Bureau  of  Standards.     LC227  based  on  commercial  samples. 
**Those  marked  with  a  double  asterisk  are  prorated  from  the  conductivities  for  the  actual  thickness  indicated. 

*Many  varieties  and  different  densities  available.     Values  given  are  for  Armstrong's  Corkboard. 
**New  densities  available  for  which  Columbia  University  gives  R=  256  for  D=  15  and  R=  222  for  D=  2^0. 
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does  not  seem  to  be  entirely  true,  because  thereof  loss  represents  only 
about  14  per  cent,  of  the  total  loss,  and  it  would  require  very  excel- 
lent insulation  to  save  more  than  half  of  this  amount.  It  was  also 
formerly  assumed  that  the  heat  transfer  would  be  proportional 
to  the  change  in  the  overall  value  of  the  heat  transfer  coefficient. 
Actually,  the  use  of  ceiling  insulation  will  result  in  higher  tempera- 
tures in  the  unheated  attic  space.  While  the  coefficient  of  heat 
transfer  may  be  cut  in  half  the  temperature  difference  would  be 
increased  and  thus  the  actual  heat  loss  would  not  be  reduced  in 
proportion  to  the  value  of  the  heat  transfer  coefficient. 

Most  people  prefer  cold  bedrooms,  opening  their  windows  wide  at 
night,  and  even  during  the  day  letting  the  bedroom  temperature 
remain  lower  than  the  rest  of  the  house.  In  placing  insulation,  then, 
it  seems  logical  to  insulate  the  inside  walls  surrounding  bedrooms 
and  to  provide  well-fitting  doors  of  substantial  construction,  making 
it  possible  to  keep  the  bedroom  cold  without  adding  unduly  to  the 
house  heating  requirements. 

The  results  of  savings  through  insulation  have  been  clearly  brought 
out  in  many  homes.  A  visual  demonstration  occurs  when  snow 
is  on  the  ground.  Long  after  the  uninsulated  buildings  are  free 
from  snow-covered  roofs,  the  snow  will  remain  in  a  blanket  over 
the  insulated  house,  thus  showing  that  heat  is  not  passing  out 
through  the  roof,  and  representing  to  the  home  owner  a  saving  in 
his  fuel  bill. 

Summarising  the  advantages  of  insulation  in  relation  to  gas  fuel, 
it  can  be  said  that  through  its  proper  application,  it  is  possible  to 
bring  the  heating  budget  well  within  the  range  that  house  owners 
are  accustomed  to  pay  and  they  will  then  be  certain  to  use  the  most 
convenient  method  which  gas  heating  will  provide. 

Gas  Warm  Air  Systems 

Selection  of  the  Size  of  Furnace.  After  the  heat  loss  of  a  house  is 
computed,  a  heating  appliance  should  be  selected  which  has  equal 
or  greater  output  than  the  maximum  heat  loss  figured. 

In  a  warm  air  system,  some  of  the  heat  delivered  by  the  furnace 
is  radiated  into  the  basement  from  the  surface  of  the  leader  pipe. 
This  heat  is  not  entirely  lost,  however,  because  it  tends  to  warm  the 
floors  of  the  rooms  above,  and  is  useful  in  heating  the  basement  also. 
It  is  usually  safe  to  assume  that  90  per  cent,  of  the  heat  delivered 
to  the  heat  pipes  is  finally  brought  into  the  rooms  of  the  house 
provided  that,  {a)  where  leaders  pass  through  unexcavated  spaces 
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under  the  house,  they  are  double-wrapped  with  corrugated  asbestos 
paper,  or  equal  insulation  and  (b)  the  area  of  the  air  passages 
through  the  furnace  is  equal  to  or  greater  than  the  combined  area 
of  the  heat  pipes  taken  off  the  furnace  in  order  to  secure  a  posi- 
tive flow  of  warm  air  through  all  of  the  heat  pipes. 

TABLE  V. 


FREE 

AREAS  AND  CAPACITIES  OF  GAS-FIRED 

WARM  AIR 

FURNACES 

Heating 

Gas  Rate 

Contents 

No. 

No.  of 

Surface 

Free  Area 

cu.  ft. 

B.Th.U. 

Heated 

of 

Rooms  and 

sq.  ft. 

sq.  in. 

per  hr. 

per   hr. 

cu.  ft. 

Ducts. 

Bath. 

121 

452 

125 

62,000 

8,500 

5 

5 

242 

990 

250 

125,000 

17,000 

12 

10  &  2  baths. 

208 

856 

200 

100,000 

14,000 

9 

6 

327 

1,308 

325 

102,000 

22,500 

14 

1 2  &  2  baths. 

416 

1,522 

400 

200,000 

24,000 

16 

14  &  2  baths. 

Note. — Normal  gas  rate  is  approximately  1  cu.  ft.  of  570  B.Th.U.  gas  per  hour 
per  sq.  ft.  of  heating  surface. 

Sizes  of  heating  pipes  based  on  the  following  capacities  have 
operated  successfully  in  Portland,  it  being  permitted  that  the  area 
of  the  riser  be  not  less  than  80  per  cent,  that  of  the  leader. 

Capacity  of  leaders,  B.Th.U.  per  sq.  in.  per  hour: 

First  floor  leaders 130  B.Th.U. 

Second  floor  leaders  160  B.Th.U. 

Third  floor  leaders 190  B.Th.U. 

It  is  desirable  to  make  the  area  of  the  returns  equal  to  the  com- 
bined area  of  the  leaders  or  risers,  as  this  tends  toward  a  positive 
supply  of  heat  to  all  rooms. 

The  above  data  are  for  natural  circulation.  In  some  cases,  when 
the  furnace  is  located  at  some  distance  from  the  centre  of  the  house, 
necessitating  long  ducts,  or  in  cases  where  it  is  necessary  to  supply 
warm  air  to  rooms  on  the  same  level  as  the  furnace,  or  in  the  case 
of  installations  in  a  house  where  the  existing  ducts  are  too  small,  it 
becomes  necessary  to  place  a  fan  in  the  return  system,  to  force  the 
circulation  of  air.  The  fan  should  have  a  capacity  to  force  an 
amount  in  cu.  ft.  of  air  per  hour  equal  to  75  per  cent,  of  the  number 
of  B.Th.U.  to  be  transmitted  per  hour  against  a  resistance  depending 
upon  the  duct  friction,  usually  not  over  |  in.  to  ^  in.  water  gauge 
in  residence  heating.  Fans  are  either  the  propeller  or  the  centrifugal 
type,  depending  upon  the  capacity  and  pressure.  They  may  be 
operated  independently  of  the  furnace,  by  means  of  a  switch  at  a 
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convenient  place,  or  the  fan  may  be  automatically  controlled  by  the 
thermostat,  which  operates  the  furnace. 

A  matter  of  prime  importance  is  the  noiseless  operation  of  the  fan, 
especially  if  it  is  located  under  the  hving  room.  The  peripheral  speed 
of  the  fan  should  not  exceed  3,000  ft.  per  minute  and  the  foundation 
should  be  isolated  from  the  rest  of  the  system  by  isolation  cork. 

Humidity 

Humidity  is  defined  as  the  amount  of  moisture  {i.e.,  water  vapour) 
mixed  with  the  air.  The  moisture  which  a  given  volume  of  air  can 
hold  without  precipitation  is  dependent  on  the  temperature,  and 
when  air  contains,  at  any  temperature,  the  maximum  amount  of 
water  vapour,  it  is  said  to  be  saturated  or  that  the  relative  humidity 
is  100  per  cent.  The  temperature  corresponding  to  saturation  is 
known  as  the  "dew  point."  Air  containing  any  weight  of  water  can 
always  be  cooled  until  the  dew  point  is  finally  reached.  If  air  at 
any  given  temperature  contains  one-half  of  the  weight  of  water 
vapour  which  represents  saturation,  it  is  said  to  have  a  relative 
humidity  of  50  per  cent. 

The  thermostat  maintaining  the  temperature  of  the  human 
mechanism  normally,  at  98 ^"F.  is  the  evaporation  of  moisture  from 
the  surface  of  the  body.  In  the  light  of  the  law  of  partial  pressures, 
it  follows  that  evaporation  of  water  from  the  surface  of  the  body 
is  dependent  on  the  partial  pressure  of  the  water  vapour,  already 
present  in  the  surrounding  air.  If  the  latter  is  near  its  maximum, 
the  air  must  be  nearly  saturated,  and  evaporation  from  the  skin  will 
be  very  much  retarded.  The  body,  not  supplying  heat  to  evaporate 
surface  moisture,  feels  hot  and  uncomfortable.  The  other  extreme, 
low  relative  humidity,  has  the  opposite  effect.  The  evaporation  is 
increased  to  such  an  extent  that  the  person  feels  chilly.  It  will  be 
noted  that  the  temperature  in  both  of  these  cases  might  be  exactly 
the  same,  for  example,  67°F.,  which  is  normally  adequate  room 
temperature;  but  if  the  humidity  were  10  to  20  per  cent.,  the  occu- 
pants would  not  be  comfortable. 

The  following  general  considerations  apply  to  humidity: — 

1.  The  exact  relative  humidity  for  greatest  comfort  can  not  be 
stated,  but  extremes  are  to  be  avoided.  The  comfort  limits  are 
probably  35  to  75  per  cent. 

2.  Low  humidities  are  uncomfortable  unless  the  temperature  is 
very  high. 

3.  Low  humidities  are  detrimental  to  health — increase  dust,  which 
carries  bacteria,  dries  out  the  mucous  membranes  of  the  nose  and 
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throat,  reducing  the  natural  protection  against  respiratory  infection, 
irritates  the  nervous  system  by  the  excessive  dryness  of  the  skin 
and  by  excessive  evaporation. 

4.  With  single  windows  the  cold  weather  will  cause  excessive  con- 
densation of  moisture  on  all  surfaces  where  the  temperature  is  cool 
enough  to  bring  the  local  air  below  the  dew  point,  therefore  making 
high  humidities  equally  vm desirable. 

5.  The  best  range  will  be  found  between  35  and  45  per  cent,  relative 
humidit}'. 

Warm  air  furnaces  are  well  adapted  for  humidification  of  room  air, 
discharging  as  they  do,  fresh  heated  air  into  the  rooms.  This  air 
can  be  passed  through  humidifiers  which  are  usually  incorporated 
into  the  furnace,  but  which  are  also  separately  available  in  a  great 
many  forms  ranging  from  simple  evaporating  pans  to  more  complex 
devices  for  spraying  and  washing  the  air  with  automatic  control 
for  constant  humidity. 

Most  warm  air  furnaces  are  provided  with  an  air  humidifier  which 
consists  of  a  water  pan  designed  to  evaporate  water  into  the  warm 
air.  How  effective  the  humidifiers  are  depends  on  the  atmospheric 
conditions.  If  a  six-room  house  with  a  volume  of  25,000  cu.  ft. 
and  an  interior  temperature  of  70°F.  is  to  be  maintained  at  50  per 
cent,  humidity  on  a  day  when  the  outside  temperature  is  20°F. 
(40  per  cent,  humidity)  it  will  be  necessary  to  supply  \\  gallons  of 
water  per  hour  if  the  air  in  the  house  is  changed  once  per  hour.  It 
would  require  about  24  cu.  ft.  of  gas  per  hour  to  evaporate  this 
amount  of  water. 

Gas-fired  Boilers:    Steam  and  Hot  Water 

Selection  of  Boiler  Size.  It  is  assumed  that  the  total  amount  of 
radiation  is  known  or  else  can  be  determined,  because  that  is  the 
first  step  in  the  selection  of  the  proper  size  boiler.  For  steam 
heating  or  gravity  hot  water  systems,  ratings  are  usually  in  terms 
of  sq.  ft.  of  radiation.  While  satisfactory  in  these  two  cases,  the 
use  of  B.Th.U.  ratings,  because  of  their  general  application  to  aU 
classes  of  heating  systems  would  be  preferable.  The  usual  assump- 
tions are  that: — 

Steam  radiators  emit  240  B.Th.U.  per  sq.  ft.  per  hour. 

Vapour  system  radiators  emit  200-220  B.Th.U.  per  sq.  ft.  per  hour. 

Hot  water  system  radiators  emit  150  B.Th.U.  per  sq.  ft.  per  hour. 

Accelerated  hot  water  radiators  emit  200-240  B.Th.U.  per  sq.  ft. 
per  hour. 
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Thus  the  boiler  for  any  given  installation  would  have  to  supply 
enough  B.Th.U.  per  hour  to  take  care  of  the  square  feet  of  surface 
multiplied  by  the  heat  emission,  in  addition  to  piping  and  starting 
allowances,  which  will  be  discussed  presently. 

Where  the  heating  requirements  of  a  building  have  been  accurately 
determined  in  terms  of  B.Th.U.  loss  per  hour  rather  than  by  one  of 
the  short-cut  rules,  the  selection  of  boiler  size  merely  involves  the 
use  of  that  iigure. 

It  must  be  evident  that  only  gas  boilers  can  be  accurately  rated 
in  terms  of  B.Th.U.  output.  Commercial  ratings  of  coal-fired  boilers 
can  have  no  meaning  except  under  the  specified  conditions  of  boiler 
condition,  draught,  kind  and  quahty  of  fuel,  and  the  method  of 
firing  as  indicated  by  the  COg  readings.  The  operating  capacity 
of  coal  boilers  may  be  anywhere  from  20  to  150  per  cent,  of  its 
rated  capacity. 

TABLE  VI. 

QUICK  STARTING  AND  PIPING  ALLOWANCES  FOR  SELECTING 
THE    RIGHT    SIZE   GAS   BOILER 

(Amount  of  piping  not  known). 


Square  feet  of  radiation  installed,  exclusive  of 
piping. 


Per  cent,  excess  boiler 
capacity  required. 


Steam 

Hot  water. 

Per  cent. 

100 

160 

560 

500 

800 

560 

1,000 

1,600 

52-3 

1,500 

2,400 

48-6 

2,000 

3,200 

450 

2,500 

4,000 

43-7 

3,000 

4,800 

42-4 

3,500 

5,600 

41-2 

4,000  and  over 

6,400 

40-0 

If  the  total  condensing  load,  i.e.,  the  sum  of  the  installed  radiation  and  the 
piping,  is  accurately  known,  then  a  25  per  cent,  additional  boiler  capacity  is 
required  to  provide  for  quick  starting. 

To  expect  any  boiler  to  develop  its  rated  capacity  with  oil  in  the 
water,  leaks  of  air  between  sections,  poor  draught,  dirty  grades  of 
fuel  and  fouled  heating  surface  is,  of  course,  impossible.  With  coal- 
fired  boilers,  however,  all  these  items  are  overshadowed  by  the 
method  of  firing  and  the  conditions  of  the  fire.  These  items  cannot 
affect  the  gas-fired  boiler  because  it  is  completely  automatic, 
supplied  with  fuel  of  uniform  quality  and  heat  content  and  is 
not  dependent  on  draught  for  its  proper  operation. 

Gas-fired  boilers,  then,  can  be  rated  accurately  according  to  their 
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B.Th.U.  output  or  its  equivalent  in  terms  of  square  feet  of  radiation 
(steam  or  hot  water)  that  it  will  supply.  These  two  ratings  (ob- 
tained in  accordance  with  the  American  Gas  Association  test  code) 
represent  the  actual  heat  output  of  the  boiler. 

Unlike  boilers  designed  to  burn  solid  fuel,  the  question  of  the  firing 
period  or  available  fuel  capacity  is  not  a  factor  in  estimating  the 
size  of  gas  boilers,  which  instantly  deliver  their  full  rated  capacity 
whenever  the  gas  is  turned  on.  The  highest  operating  efficiency  is 
obtained  when  the  rated  output  of  a  gas  boiler  most  nearly  equals 
the  exact  heating  requirements  of  the  building. 

It  has  been  the  common  practice  to  assume  that  the  extra  tax 
imposed  on  the  boiler  due  to  piping  installed  is  about  25  per  cent,  of 
the  amount  of  radiation  given  in  the  above  column,  and  to  add  a 
further  25  per  cent,  to  this  total  to  take  care  of  starting  load  or 
"pick  up"  under  thermostatic  control. 

The  proportionate  amount  of  piping  to  radiation  is  considerably 
greater  in  a  small  than  in  a  large  installation,  and  while  25  per  cent, 
in  most  cases  fairly  represents  the  tax  imposed,  yet  upon  a 
percentage  basis  the  additional  load  imposed  on  the  boiler  by  the 
amount  of  piping  necessary  in  a  small  installation,  may  be  as  high 
as  40  per  cent,  of  the  amount  of  radiation  installed,  whereas  on  very 
large  installations  this  percentage  may  be  as  low  as  15  per  cent. 

A  gas-fired  boiler  is  so  sensitive  to  water  temperature  or  steam 
pressure  regulation,  as  well  as  automatic  room  temperature  control, 
that  in  most  cases  adding  25  per  cent,  for  "pick-up"  load  will  be 
ample  for  average  continuous  residence  heating.  Where  the  build- 
ing is  irregularly  or  periodically  heated  either  by  automatic  or  hand 
control,  this  percentage  should  be  increased  to  50  or  60  per  cent. 

The  most  accurate  method  for  selecting  the  proper  size  of  boiler 
for  any  given  installation  is  to  determine  the  exact  amount  of 
standard  "column"  radiation  required  to  heat  the  building  to  the 
temperatures  required,  and  then  to  add  the  actual  heat  losses  from 
covered  or  uncovered  piping  in  units  of  square  feet  of  standard 
"column"  radiation. 

Conversion  Systems 

The  householders  of  parts  of  the  United  States  have  been  provided 
with  a  singularly  satisfactory  fuel  for  domestic  heating  in  natural 
gas,  so  generously  available  in  parts  of  Arkansas,  California,  Color- 
ado, Illinois,  Indiana,  Kansas,  Kentucky,  Louisiana,  Montana,  New 
York,  Ohio,  Oklahoma,  Pennsylvania,  Texas,  West  Virginia  and 
Wyoming,  that  it  can  be  sold  for  very  reasonable  prices.     While 
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no  average  price  can  be  given  it  is  frequently  available  for  house 
heating  purposes  at  a  rate  of  50  cents  (about  2s.  Id.)  per  1 ,000  cu.  ft. 
of  gas.  The  gas  itself  consists  principally  of  methane  and  has  a 
calorific  value  of  approximately  1,000  B.Th.U.  per  cu.  ft.  This 
makes  it  about  as  expensive  as  manufactured  gas  of  over  500 
B.Th.U.  per  cu.  ft.,  selling  for  85  cents  (about  3s.  6d.)  per  1,000  cu. 
ft.;  where  it  is  available  it  readily  supplants  both  coal  and  oil  as 
the  domestic  heating  fuel. 

Since  it  is  so  cheap,  an  entirely  different  picture  exists  in  the 
natural  gas  territory  in  regard  to  the  so-called  "converted  system" 
than  is  the  case  where  the  relatively  more  expensive  manufactured 
gas  must  be  used.  The  home  owner  and  the  gas  company  are  fully 
justified  in  sacrificing  some  small  fraction  of  the  efficiency  which 
can  be  obtained  in  a  special  gas  designed  house-heating  appliance 
in  order  to  reduce  the  first  cost  of  the  gas-heating  installation. 

For  those  who  might  not  be  familiar  with  the  term  "converted 
system,"  a  word  of  explanation  will  be  in  place.  The  American 
private  house  is  equipped  with  a  coal-fired  boiler  or  furnace,  the 
former  consisting  usually  of  a  round  iron  sectional  boiler,  and  the 
latter  of  a  sheet  metal  casing  built  to  enclose  a  small  cast-iron 
radiating  unit  which  contains  the  coal  grates  and  forms  the  fire-pot. 
While  these  appliances  have  been  developed  to  a  high  degree  of 
efficiency  for  coal  burning,  their  nature  is  not  such  as  to  make 
them  particularly  suitable  for  firing  by  gas. 

The  conversion  of  these  units  to  gas  firing  is  a  relatively  simple 
matter.  Where  the  price  of  fuel  is  not  too  high,  the  extremely  low 
first  cost  of  conversions  makes  them  attractive  to  the  home  owner 
and  countless  thousands  have  taken  advantage  of  the  use  of  gas 
through  this  method. 

In  those  places  where  natural  gas  is  available,  conversion  of  coal 
equipment  to  gas  burning  was  formerly  the  universal  rule.  It  was 
only  during  a  short  period  at  the  beginning  of  the  century  that  gas 
shortages  prompted  the  gas  companies  to  develop  equipment  de- 
signed for  gas  which  would  reduce  the  gas  consumption  because  of 
its  greater  efficiency.  Once  such  equipment  was  available  it  became 
attractive  to  the  manufactured  gas  territory,  especially  in  the  large 
cities  where  there  were  always  some  people  who  were  willing  to 
pay  a  premium  over  coal  in  order  that  they  might  secure  the  advan- 
tage of  automatic  heating  by  gas. 

The  house-heating  business  has  now  reached  such  proportions  in 
America  that  many  converted  systems  are  offered  on  the  market, 
and  they  have  been  refined  and  developed  so  that  only  a  small 
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difference  in  operating  efficiency  need  exist  between  the  converted 
system  and  the  system  designed  for  gas.  This  has  led  to  the  extension 
of  the  use  of  converted  systems  into  the  manufactured  gas  territory. 
It  must  be  conceded  that  it  is  to  the  householder's  advantage  to 
spend  the  money  required  to  install  a  good  system  designed  for  gas. 
He  will  save  sufficient  money  in  the  operating  cost  so  that  in  the 
course  of  a  few  years  he  should  have  more  than  offset  the  difference 
in  first  cost  between  it  and  the  cheaper  converted  system.  The 
converted  systems  which  are  available  on  the  market  range  from 
the  simplest  drilled  pipe  burners  to  complicated  motor-driven 
outfits  with  elaborate  safety  and  control  devices.  In  general  the 
conversion  units  may  be  classified  as  follows: — 

1.  Elementary  Atmospheric  Burners. 

a.  The  simplest  burners  are  the  drilled  pipe  burners,  which  are 
merely  set  into  the  firebox  of  a  coal-fired  unit.  No  attempt  is 
made  to  control  the  amount  of  excess  air  which  enters  the 
furnace.     No  refractories  are  used  with  the  burners. 

b.  Special  shapes  of  these  atmospheric  type  burners  are  available. 
Some  of  these  are  single-port  burners  playing  a  large  volume  of 
flame  into  the  firebox.  Others  are  multi-port.  Minor  varia- 
tions in  construction  include  the  differences  in  the  method  in 
which  the  primary  air  for  combustion  is  mixed  with  the  gas. 
The  gas  pressure  under  which  these  operate  is  the  domestic 
service  pressure.  Very  often,  baffling  of  the  flue  passages  is 
resorted  to,  in  order  to  increase  the  scrubbing  effect  of  the  hot 
flue  products. 

c.  A  modification  in  the  above  systems  includes  two  variations. 
The  first  allows  the  flame  to  play  down  on  to  a  refractory  bed, 
simulating  the  effect  of  a  coal  fire.  The  second  allows  the  gas 
flame  to  play  under  a  refractory  bed.  The  latter  has  the 
obvious  disadvantage  of  having  the  hottest  surface  underneath 
and  throwing  this  radiant  heat  on  the  floor  of  the  furnace 
rather  than  into  the  water. 

2.  Burners  with  Secondary  Air  Control. 

Many  of  the  installations  which  were  made  yielded  low  efficiencies 
because  so  much  excess  air  was  drawn  into  the  firebox.  In 
order  to  control  this  a  number  of  systems  were  devised  in  which 
all  of  the  secondary  air  is  admitted  through  a  sheet-metal  duct. 
In  this  type  of  equipment  a  control  damper  rises  and  falls  in 
accordance  with  the  position  of  the  gas  valve,  preventing  large 
excesses  of  air  during  the  low  periods. 
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3.  Burners  placed  in  close  proximity  to  the  Heating  Surface. 

While  this  might  seem  a  special  form  of  the  elementary  burners 
mentioned  in  the  first  group,  the  classification  is  intended  to 
cover  those  burners  which  are  placed  very  close  to  the  heating 
surface  and  which  are  provided  with  refractory  shapes  or  metal 
plates  so  designed  that  an  annular  space  is  formed,  in  which  the 
burner  is  set.  All  the  hot  gases  are  thus  confined  to  a  relatively 
small  area  and  very  excellent  efficiencies  result.  It  does  not 
seem  to  make  very  much  difference  whether  these  shapes  are 
made  of  metal  or  refractory  and  both  are  used. 

4.  Burners  with  Air  Blowers. 

Some  of  the  most  progressive  of  the  conversion  equipment  manu- 
facturers have  gone  so  far  as  to  include  air  blowers  with  their 
devices.  The  air  blower  is  said  to  be  of  advantage  in  making 
the  combustion  more  clearly  perfect.  Moreover,  it  is  expected 
to  develop  higher  burning  velocities  and  thus  improve  the  heat 
transfer  by  making  the  hot  gases  scrub  the  heating  surface  more 
rapidly.  Naturally,  the  burners  themselves  could  be  placed  in 
accord  with  any  of  the  several  systems  which  have  been  out- 
lined above.  There  might  be  some  disadvantage  in  the  use  of 
an  electric  blower  because  of  current  failure.  Fortunately  the 
electric  utilities  are  so  developed  that  current  interruption  of 
any  long  duration  is  a  rare  occurrence  indeed.  Moreover,  the 
burners  are  equipped  with  safety  controls  which  shut  off  gas  in 
event  of  electric  current  failure. 
It  must  not  be  inferred  from  these  classifications  that  the  lines  of 
demarcation  are  absolute,  because  any  one  of  these  burners  may 
incorporate  some  of  the  features  of  other  types. 

In  order  to  obtain  as  good  results  as  a  gas-designed  boiler  would 
yield,  it  would  be  necessary  to  include  in  a  conversion  system,  all 
of  the  control  and  safety  devices  regularly  supphed  with  a  gas 
boiler.  Then  the  only  difference  in  cost  of  the  two  systems  would 
be  that  arising  from  the  saving  in  the  cost  of  the  actual  cast-iron 
boiler  itself.  This  saving  would  not  be  as  large  as  might  be  expected, 
because  in  assembling  the  conversion  systems  there  is  a  relatively 
higher  labour  charge  than  in  erecting  a  boiler  designed  for  gas. 

Some  of  the  gas  companies  no  longer  consider  it  ethical  to  convert 
warm  air  furnaces  to  gas  even  though  many  thousands  of  these  have 
been  converted  in  the  past.  The  reason  they  have  taken  this  stand 
is  because  the  present  "Approval  Requirements  for  Gas-Designed 
Warm  Air  Furnaces"  includes  the  following  test: 
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"All  heating  surfaces  shall  be  so  constructed  that  they  will  show  no 
leakage  when  subjected  to  an  air  pressure  of  one  inch  water  column  for 
three  minutes  as  indicated  by  a  drop  of  not  more  than  one  quarter  inch 
water  column  in  that  time." 

Most  coal-designed  warm  air  furnaces  cannot  meet  this  require- 
ment. Many  gas  companies  insist  that  the  converted  equipment 
shall  be  of  such  a  nature  that  it  will  comply  with  the  same  essential 
safety  features  which  would  be  required  of  gas-designed  equipment. 

Some  idea  of  the  magnitude  of  the  gas  house-heating  business  can 
be  obtained  from  the  following  statistics,  including  territories  served 
with  manufactured,  natural  and  mixed  gases. 

In  Kansas  City,  Missouri,  where  the  gas  company  supplies  77,000 
consumers,  there  are  6,000  central  house-heating  installations  of  all 
kinds,  of  which  5,000  are  conversion  systems.  In  Cincinnati,  Ohio, 
there  are  147,000  consvmiers  and  there  are  over  10,000  who  use  gas 
heat  in  central  house-heating  plants.  In  Buffalo,  New  York,  there 
are  approximately  100,000  consiuners,  and  it  is  estimated  there  are 
between  25,000  and  30,000  house-heating  installations.  In  Tulsa, 
Oklahoma,  with  75,000  consumers,  the  gas  company  estimates  that 
at  least  95  per  cent,  of  the  homes  are  gas  heated. 

AMERICAN  GAS  ASSOCIATION  APPROVAL  REQUIRE- 
MENTS   FOR    CENTRAL    HOUSE    HEATING    GAS 
APPLIANCES 

The  American  Gas  Association  in  its  own  laboratories  tests  aU 
makes  of  gas  boilers  and  furnaces  for  satisfactory  performance, 
substantial  and  durable  construction  and  safe  operation.  The  code 
of  approval  requirements  under  which  the  tests  are  conducted 
was  prepared  by  a  committee  of  engineers  representing  the  gas 
companies  and  the  boiler  and  furnace  manufacturers.  Before  final 
adoption  the  code  was  reviewed  and  approved  by  a  general  com- 
mittee which  included  in  its  membership  representatives  of  the 
U.S.  Bureau  of  Standards,  the  U.S.  Public  Health  Service,  Master 
Plumbers  Association,  and  others. 

It  was  the  constant  aim  of  the  committee  in  preparing  these 
approval  requirements  not  to  retard  progress  that  would  in  any 
way  affect  economy,  time,  convenience,  safety,  or  cost  to  the  con- 
sumer. It  might  be  supposed  that  boilers  and  furnaces  constructed 
in  accordance  with  certain  requirements  would  be  the  same  or 
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essentially  the  same,  regardless  of  the  manufacturer — the  term 
requirement  being  easily  capable  of  an  interpretation  to  convey  this 
impression.  However,  requirements  may  be  of  widely  different 
character  and  as  used  in  the  American  Gas  Association  code  they 
are,  for  a  large  part,  in  the  nature  of  laboratory  performance  require- 
ments, with  certain  constructional  requirements  that  do  not  pre- 
clude the  embodiment  of  ingenuity  of  design  and  improvement. 

Coincident  with  progress,  changes  are,  of  course,  necessary;  yearly 
revision  is  provided  for,  after  the  committee  has  reviewed  all  sug- 
gestions for  strengthening  the  code  that  have  been  advanced  by 
members  of  the  gas  industry  and  the  heating  trade. 

All  gas  boilers  and  furnaces  that  comply  with  the  Approval  Require- 
ments are  so  designated  by  bearing  the  seal  of  approval  of  the 
American  Gas  Association — a  "Blue  Star  Seal"  nationally  recognised 
by  the  heating  and  building  trades  as  well  as  the  public  in  general. 

The  principal  performance  requirements  for  A.G.A.  approval 
include  the  following: — 

1.  The  thermal  efficiency  of  steam  or  hot  water  boilers  based  on 
the  gross  heating  value  of  the  gas,  shall  not  be  less  than  75  per  cent., 
and  for  warm  air  furnaces  not  less  than  70  per  cent. 

2.  The  appliances  shall  not  produce  a  concentration  of  more  than 
0-04  per  cent,  carbon  monoxide  in  the  air  free  products  of  com- 
bustion when  tested  with  550  B.Th.U.  manufactured  gas,  0-40 
specific  gravity  (air=l-00),  and  1,125  B.Th.U.  natural  gas,  0-65 
specific  gravity,  at  normal  gas  pressure  and  at  50  per  cent,  above 
and  below  normal  pressure,  the  burner  orifices  and  gas  pressure 
regulator  having  been  adjusted  to  a  gas  rate  within  ±2  per  cent, 
of  the  manufacturers  hourly  B.Th.U.  rating. 

3.  The  maximum  temperature  rise  at  points  6  in.  from  the  back 
and  sides  of  the  appliance  shall  not  exceed  90°  above  room  tem- 
perature when  the  boiler  has  been  operating  for  one  hour  at  the 
manufacturer's  hourly  B.Th.U.  rating. 

ZUSAMMENFASSUNG 

Diese  Abhandlung  befasst  sich  ausschliessHch  mit  der  Wohnraumbeheizung 
durch  Gas. 

Der  durchschnittliche  Verbrauch  in  den  Vereinigten  Staaten  beträgt  mehr 
als  30,000  Kubikfuss  pro  Haushaltszähler  pro  Jahr  (diese  Zahl  umfasst  nicht 
den  Verbrauch  an  Naturgas) .  Die  Ursache  dieses  hohen  Gasverbrauches 
kann  durch  Studium  der  amerikanischen  Lebensweise  erklärt  werden.     Be- 
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quemlichkeit  für  die  Hausfrau  ist  von  ausschlaggebender  Bedeutung  und  es 
werden  zu  diesem  Zweck  liberale  Summen  im  Amerikanischen  Budget  vor- 
gesehen. Verglichen  mit  der  allgemeinen  Auffassung  von  Reichtum  ist  Gas 
verhältnissmässig  billig.  Der  Verdienst  des  gewöhnlichen  Arbeiters  ist  hier 
so,  dass  er  sich  Gasbenutzung  mehr  und  leichter  leisten  kann  als  in  irgend 
einem  anderen  Lande.  Gas  wird  fast  ausschliesslich  zum  Kochen  gebraucht; 
die  neuesten  Gasöfen  haben  das  Aussehen  von  bemalten  emaillierten  Schränken, 
die  mit  verborgenen  Gashähnen  und  Gasröhren,  isolierter  Heizkammer,  sowie 
genauem   Ofentemperatur-Regulator  versehen  sind. 

Wasser-Erwärmung.  Zur  Erwärmung  von  Wasser  wird  Gas  in  drei  ver- 
schiedenen Typen  von  Erwärmern  gebraucht. 

(1)  Der  von  Hand  betätigte  Schlangenwärmer,  der  automatische  Auf- 
speicherungs-Erwärmer  und  der  Schnell-Erwärmer.  Die  europäische  Form 
des  Erwärmers,  der  sogenannte  "Geyser,"  ist  hier  nicht  bekannt. 

Das  automatische  Aufspeicherungssystem  ist  zur  Zeit  die  wertvollste  Ent- 
wickelung  und  verspricht  mit  der  Zeit  alle  anderen  Formen  von  Erhitzern 
zu  ersetzen.  Dieses  besteht  aus  einem  isolierten  Tank,  der  mit  Sicherheits- 
hahn und  Thermostat  die  Gaszufuhr  zur  Wasserschlange  reguliert. 

Raumbeheizung.  Raumerwärmer  sind  in  vielen  Typen  erhältlich,  die  meisten 
von  ihnen  gleichen  den  in  Europa  gebräuchlichen.  Von  einer  detaillierten 
Beschreibung  wurde  der  Ähnlichkeit  der  Typen  wegen  hier  Abstand  genommen 

Andere  Verwendungszwecke.  Andere  stark  in  Betracht  kommende  Ver- 
wendungszwecke von  Gas  sind:  Der  Kehrichtverbrenner  (Incinerator),  mit 
Gas  betriebene  Haus-Eisschränke  vom  automatischen  Absorptionstyp  und 
verschiedene  Waschereimaschinen.  Alle  diese  Anwendungsarten  des  Gases 
sind  für  die  amerikanische  Gas-Industrie  von  einflussreicher  Bedeutung  und 
umfassen  den  Hauptteil  der  Haushaltsheizung,  obwohl  diese  Benennung 
vielfach  im  engeren  Sinne  gebraucht  wird,  gleichbedeutend  mit  Zentral- 
Hausheizungsapparate,  die  Gas  gebrauchen.  Dies  ist  eine  hervorragende 
Entwickelung  in  der  amerikanischen  Gas-Industrie,  und  aus  diesem  Grunde 
schien  es  wünschenswert,  diesen  Aufsatz  auf  die  Zentalheizung  des  Hauses 
durch  Gas  zu  beschränken. 

Dieses  Gebiet  ist  verhältnissmässig  neu  für  Europa  und  verspricht,  zu  einem 
grossen  künftigen  Absatzgebiet  für  "Hausgas"  zu  werden. 

Raummangel  liess  es  nicht  zu,  auf  eine  ausführliche  Behandlung  jeder  ein- 
zelnen Anwendung  des  "Hausgases"  einzugehen,  aber  es  ist  zu  erwarten,  dass 
eine  weitere  Belehrung  des  grossen  Publikums  über  "Hausgasheizung"  reiche 
Früchte  tragen  wird.  Zentralheizung  ist  gebräuchlich  in  Amerika;  dazu  werden 
verwendet:  Heissluftöfen,  Dampfkessel  und  Warmwasserkessel  mit  ent- 
sprechender Wärmeverteilung  in  den  einzelnen  Räumen.  Die  Innentem- 
peratur wird  auf  70°F.  gehalten  gegen  Aussentemperaturen,  die  in  den  nörd- 
lichen Breitgraden  bis  — 40°F.  heruntergehen. 

Gasheizapparate  haben  einen  guten  Wirkungsgrad,  ausserdem  arbeiten  sie 
ganz  automatisch  und  brauchen  keine  Wartung  von  der  Zeit  wo  sie  im  Herbst 
angezündet  werden  bis  sie  im  Frühjahr  wieder  ausgelöscht  werden.  Für  jene, 
die  Bedenken  haben  wegen  der  relativen  Kosten  der  Gasheizung,  sei  hervor- 
gehoben, dass  zur  Zeit  mehr  als  200  Gas-Gesellchaften  in  den  Vereinigten 
Staaten  spezielle  Tarife  für  Heizgas  eingeführt  haben,  welche  es  den  Kon- 
sumenten ermöglichen  werden,  Gasheizung  zu  benützen,  deren  Kosten  die 
jetzigen  Ausgaben  für  Heizung  um  nicht  mehr  als  50%  übersteigen  werden. 
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PART   III.       UTILISATION   OF  ELECTRICITY   FOR      ' 
DOMESTIC  HEATING 

H.  W.  Derry 

National  Electric  Light  Association 

The  use  of  electricity  for  domestic  heating  depends  primarily  on 
its  relative  cost  in  comparison  with  other  fuels.  The  extent  to 
which  electricity  can  be  used  for  heating  service  is  dependent  on 
the  availability  of  a  supply  of  low-priced  power. 

The  big  problem  in  the  electrical  industry,  as  in  every  other  indus- 
try, is  to  increase  the  ratio  of  the  net  earnings  of  the  business  to  the 
capital  invested  in  the  business.  Improvements  in  the  efficiencies 
of  generating  and  distribution  equipment  have  done  much  to  affect 
this  ratio  favourably  and  the  future  will  see  continued  improvement 
along  these  lines.  With  a  given  generating  and  distribution  capa- 
city, it  is  only  by  maximum  use  of  this  equipment  that  maximum 
net  return  per  dollar  invested  can  be  reaUsed. 

It  has,  therefore,  been  the  problem  of  the  commercial  men  in  the 
industry  to  improve  the  load  factors  of  the  individual  power  system- 
Excellent  results  in  the  development  of  the  industrial,  commercial 
and  residential  loads  have  been  accomplished.  In  spite  of  this 
activity,  some  power  plants  still  show  large  peaks  and  valleys  in 
their  daily  load  curves  and  it  has  been  with  the  idea  of  smoothing 
out  these  load  curves  that  electric  service  companies  are  investi- 
gating the  possibilities  of  heating  buildings  of  aU  kinds  electrically. 

Field  for  Domestic  Heating  and  its  Limiting  Factors 
The  field  for  house  heating  is  quite  universal,  but  the  field  for 
the  heating  of  houses  by  electricity,  will,  in  all  probability,  always 
be  more  or  less  limited  by  certain  factors,  all  affecting  and  being 
affected  by  costs.  We  can  safely  make  the  fundamental  premise 
that,  all  things  being  equal,  the  great  majority  of  the  people  of  the 
world  would  use  electricity  for  house  heating  purposes  in  preference 
to  any  other  known  fuel.  The  advantages  of  use  are  all  tremen- 
dously in  favour  of  electric  heat,  the  one  drawback,  at  present  and 
probably  always,  being  that  of  cost. 
From  the  user's  standpoint  the  matter  of  cost  is  merely  relative. 
If  he  can  heat  his  house  or  building  with  electricity  at  a  cost  approxi- 
mating that  of  heating  it  with  any  fuel,  he  can  readily  be 
converted  to  its  use.  In  fact,  in  many  cases  he  will  demand  it  and 
many  users  will,  indeed,  be  willing  to  pay  substantially  more  for 
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electric  heat  in  order  to  be  able  to  enjoy  its  advantages.  It  has 
been  found  that,  as  man  elevates  his  standard  of  living,  he  has 
always  been  willing  to  pay  more  for  better  and  more  convenient 
things  that  make  his  life  more  pleasant  and  more  comfortable. 
Therefore,  once  made  available,  there  will  always  be  some  indi- 
viduals who  will  use  electricity  for  heating  houses  regardless  of  what 
the  cost  may  be.  The  number  of  such  individuals  will  increase  as 
the  cost  is  reduced  and  made  to  approach  the  cost  of  heating  with 
fuels.  Since  the  cost  of  fuels  varies  in  the  different  localities,  the 
ability  of  power  companies  to  meet  fuel  competition  will  be  depen- 
dent, somewhat,  upon  these  conditions  and  will  also  be  dependent 
upon  many  factors  surrounding  power  generation. 

It  is  interesting  to  note  here  that  the  prices  of  all  fuels  have  shown 
an  ascending  tendency,  while  improvements  in  the  generation  and 
distribution  of  electricity  have  been  responsible  for  a  steady  reduc- 
tion in  its  cost  to  the  consumer. 

In  considering  the  cost  of  electric  heating  the  estimates  should  not 
be  based  solely  on  the  B.Th.U.  values  of  fuel  and  electricity,  as  these 
are  unfair  to  the  electric  method.  Electric  heat  has  100  per  cent, 
conversion  efficiency.  Fig.  1  gives  a  general  basis  of  comparison 
between  fuels  and  electricity  at  different  prices;  efficiencies  are 
taken  into  account  but  not  the  relative  advantages. 

Assuming  an  average  efficiency  of  40  per  cent,  for  a  coal-fired  hot 
air  house-heating  system  and  an  equivalent  efficiency  of  60  per  cent, 
and  100  per  cent,  for  gas  and  electricity  respectively,  the  cost  per 
100,000  B.Th.U.  with  the  different  fuel  would  be:— 

Coal  at  $10.00  per  ton— 9  cents  per  100,000  B.Th.U. 

City  gas  at  $1.00  per  1,000  cu.  ft.— 34  cents  per  100,000  B.Th.U. 

Electricity  at  1  cent  per  kWh.— 30  cents  per  100,000  B.Th.U. 

Electricity  for  house  heating  must  be  sold  as  off-peak  power,  as 
it  is  probable,  except  in  the  warmer  climates,  that  it  will  not  carry 
its  share  of  the  fixed  charges  of  new  plant  development.  Daily 
load  curves  vary  for  different  power  systems  and,  whereas,  some 
systems  have  a  fairly  uniform  load  condition  throughout  the  year, 
others  are  confronted  with  seasonal  peaks.  Furthermore,  climatic 
conditions  result  in  great  differences  in  the  requirements  for  artificial 
heat  in  humanly  occupied  buildings. 

It  can  be  understood  then,  that  the  electric  house  heating  load  is 
not  a  universally  desirable  load.  Each  company  must  study  care- 
fully all  factors  entering  into  the  problem,  as  determined  by  local 
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conditions,  and  decide  whether  or  not  they  can  and  should  establish 
a  rate  that  will  attract  house  heating  business  and  must  carefully 
define  the  conditions  under  which  such  a  rate  will  apply. 


soo  tooo  isoo  jaoo  o.jio  o.so  o.so    o.s  o.ov  oio  oio  oio   ajo  o.jo  o.rs   o.ioo aoos  o.oi  acts  ooa 
P£B  TON  PEoncu.rr        pee  Gft.       pee  n  cuft      psb  n.cu  ft.  pee  i/w.h. 

PPICE  IN  DOLLfiaS 
Fig.  1.     Relative  heat  values  of  fuels  and  electricity  at  their  different 

efficiencies. 

Taken  from  "Electric  Heating,"  by  Edgar  .i,  Wilcox — page  6. 

That  electric  house  heating  has  been  successfully  applied  is  attested 
by  the  experiences  in  the  more  temperate  sections  of  the  United 
States  and  in  some  of  the  European  countries.  In  no  state  in  the 
Union  has  the  application  of  electricity  become  so  widespread  as 
in  California.  It  is  employed  in  over  94  per  cent,  of  the  homes  of 
that  State  for  lighting  and  other  domestic  applications.  The 
electric  range  development  has  become  noteworthy  and  the  use  of 
electric  water  heaters  and  air  heaters  is  increasing  rapidly.  For 
a  time  these  heaters  were  used  almost  entirely  in  homes,  but  within 
the  past  few  years  there  has  developed  a  very  definite  and  extensive 
field  of  apphcation  in  the  heating  of  public  and  other  buildings. 

Man}^  power  companies  have  neglected  a  potentially  valuable  load, 
and  one  which  would  have  materially  increased  the  revenue  per 
Jàlowatt-year,  because  of  lack  of  information  as  to  the  character- 
istics and  value  of  the  load.  This  is  particularly  true  in  California, 
"where  the  application  of  electricity  to  heating  meets  with  almost 
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ideal  conditions.  In  that  part  of  California  known  as  San  Francisco 
Bay  district,  there  is  likely  to  be  a  demand  for  some  heating  service 
nearly  every  day  in  the  year.  This  demand  is  usually  for  only  a 
short  time  in  the  morning  and  again  for  a  few  hours  at  evening. 
The  early  morning  demand  occurs  before  the  industrial  load  comes 
on  and  is  normally  over  before  the  average  opening  hour  for  business 
offices.  The  evening  demand  will  often  show  an  overlapping  of 
the  lighting  load,  but  it  also  helps  to  overcome  the  big  peak  drop 
occasioned  by  the  shutting  down  of  industrial  plants. 

In  CaHfornia  the  large  distributing  systems  of  the  power  com- 
panies cover  the  agricultural  districts  very  thoroughly,  and  in  such 
territory  the  load  is  largely  pumping  water  for  irrigation  purposes. 
The  load  is  heavy  during  summer  and  light  in  winter.  In  the 
valley  sections  the  weather  is  warmer  in  the  summer  and  colder  in 
the  winter  than  along  the  coast,  with  the  result  that  no  heating  is 
required  in  the  summer  when  the  pumping  load  is  heavy  and  con- 
siderable is  necessary  in  the  winter,  thus  fitting  nicely  into  the 
load  curve. 

The  numerous  successful  installations  of  electric  air  heating  in 
public  buildings  have  had  their  effect  in  showing  that  this  load  is 
desirable  to  both  the  power  company  and  the  consumer. 

Electric  heating  of  schools  is  especially  successful,  the  connected 
load  for  one  installation  sometimes  amounting  to  200  kW.  or  more. 
There  are  in  California  a  number  of  schools  that  are  electrically 
heated.  In  no  case  where  the  proper  equipment  has  been  selected 
and  where  the  job  has  been  handled  by  a  competent  heating  en- 
gineer has  the  system  failed  to  give  satisfaction.  There  is  no  record 
of  complaint  of  expense  from  these  installations  and  in  some  cases 
the  cost  of  heating  electrically  has  been  less  than  where  fuel  was 
used.  The  average  bill  for  heating  the  high  school  in  the  town  of 
Esparto,  California,  during  one  winter  was  $79.78  per  month;  the 
volume  heated  was  207,908  cu.  ft.;  the  average  school  day  eight 
hours,  five  days  per  week.  In  the  town  of  Clarksburg,  California, 
the  experience  was  similar;  the  average  monthly  biU  was  $87.28  for 
heating  a  volume  of  103,525  cu.  ft.  These  experiences  have  shown 
progressive  architects  and  school  boards  that  they  must  give  recog- 
nition to  this  latest  form  of  heating,  for  it  has  proved  its  economy 
and  satisfaction.  The  reduced  fire  insurance  premium  obtainable 
when  electric  heating  equipment  is  used  is  also  an  important  factor. 

Stores,  halls,  waiting  rooms,  theatre  box  offices,  elevators,  and 
office  buildings  are  using  electricity  for  heating  with  results  that 
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surpass  anything  yet  developed  and  at  costs  that  are  so  gratifying 
that  each  installation  generally  leads  to  others.  There  are  many 
all-electric  apartment  houses,  some  of  them  built  without  chimneys. 
These  buildings  are  quite  frequently  not  in  the  so-called  high  rent 
district  and  tenants  with  only  modest  incomes  are  able  to  enjoy 
the  comforts  of  complete  electrification.  Some  of  the  smallest  of 
these  buildings  contain  only  four  apartments  of  three  to  four  rooms 
each;  the  average  monthly  bill  for  electric  service  in  such  an  apart- 
ment will  approximate  ten  to  twelve  dollars  on  a  rate  that  provides 
the  first  thirty  kilowatt-hours  at  an  average  of  seven  cents  per 
kilowatt-hour;  the  next  150  kilowatt-hours  at  3|  cents  per  kilo- 
watt-hour and  the  balance  at  2  cents  per  kilowatt-hour.  Many 
aU-electric  homes  of  five  or  six  rooms,  housing  families  of  three, 
four  or  five  persons,  are  paying  an  average  monthly  bill  of  not  to 
exceed  eighteen  dollars.  There  is  under  construction  in  Los  Angeles 
an  apartment  house  of  approximately  170  apartments  that  will 
use  533  electric  air  heaters  of  an  average  capacity  of  about  four 
kilowatts  each.  This  building  will  be  completely  electrified  and 
will  have  no  chimney  except  that  for  the  garbage  incinerator. 

Electric  heating  installations  are  consistently  earning  a  revenue 
of  nine  dollars  or  more  per  kilowatt  year.  When  it  is  considered 
that  this  is  revenue  that  would  not  be  derived  were  it  not  for  heating 
it  will  be  seen  that  this  type  of  load  will  well  repay  a  little  attention. 
It  is  not  always  necessary  to  increase  transformer  capacity  to  serve 
such  a  load,  for  it  is  common  experience  that  the  heating  load  carries 
a  definite  diversity,  this  diversity  depending,  of  course,  upon  the 
local  conditions.  In  any  event,  electric  heating  loads  offer  attrac- 
tive revenue  returns  and  also  serve  to  further  the  use  of  electricity 
for  other  purposes.  These  increased  uses  with  their  individual 
diversities,  help  to  fill  in  the  valleys  of  load  curves. 

A  central  California  hotel  has  been  electrically  heated  for  several 
years.  The  great  advantage  of  isolated  heating,  possible  with  the 
use  of  electricity,  is  perhaps  appreciated  more  in  this  class  of  building 
than  in  most  others.  No  hotel  manager  cares  to  pay  for  heating 
vacant  rooms.  In  the  hotel  mentioned  the  practice  is  to  turn  on 
the  heat  when  a  room  is  engaged  and  to  advise  the  guest  that  he 
may  regulate  the  temperature  to  suit  himself  merely  by  turning 
the  switch.  Despite  the  fact  that  winter  temperatures  of  10  degrees, 
or  lower,  are  not  uncommon  in  the  town  where  this  hotel  is  located, 
there  is  no  difficulty  in  maintaining  absolute  comfort  at  a  cost  that 
is  very  reasonable. 

Hospitals  offer  a  particularly  attractive  field  of  application  for 
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electric  heating.  This  is  essentially  advantageous  in  operating 
rooms  where  regular  temperature  maintenance  is  often  an  import- 
ant factor  and  where  the  attention  of  attendants  cannot  be  devoted 
to  this  purpose.  By  the  use  of  thermostatic  control  any  desired 
degree  of  temperature  may  be  maintained  to  limits  within  one-half 
of  one  degree. 

Churches  also  are  adopting  this  method  of  heating.  The  occa- 
sional use  of  the  heating  equipment  in  such  a  building  sometimes 
does  not  warrant  the  investment  required  in  a  central  heating  plant, 
nor  does  that  type  of  operation  usually  produce  the  requisite  com- 
fort. It  is  common  experience  with  central  heating  systems  of  the 
most  usual  type  to  have  temperatures  that  are  either  too  high  or 
too  low  for  comfort.  The  common  practice  with  this  type  of 
heating  is  to  force  the  furnace,  raise  the  temperature  to  a  point 
beyond  comfort  and  then,  during  the  services,  allow  the  temperature 
to  drop.  This  is  unnecessary  with  electric  heating  equipment, 
especially  where  thermostats  are  instaUed,  as  an  even  temperature 
may  be  maintained  without  attention  from  an  operator. 

The  growth  of  electric  heating  has  been  because  of  the  demand 
of  the  public  for  increased  comfort  and  greater  ease  of  attainment. 
The  intelligent  work  of  a  few  engineers  and  manufacturers  has  also 
contributed  largely  to  this  development.  The  only  problems 
involved  are  the  selection  of  the  proper  equipment  and  the  recog- 
nition of  the  need  for  a  rate  that  will  permit  of  more  extensive  use 
of  this  service.  Such  a  rate  need  not  be  unprofitable  in  itself  and 
in  its  effect  will  doubtless  bring  other  business  at  greater  differentials 
between  production  cost  and  metered  price.  Heating  loads  in 
small  houses  often  amount  to  20  to  30  kW.  (with  a  maximum 
demand  usually  not  in  excess  of  50  per  cent,  of  the  connected  load), 
a  load  greater  than  that  of  many  small  industrial  plants  and 
generally  at  a  more  attractive  rate.  The  operating  conditions  of  such 
a  load  are  sometimes  much  more  favourable  than  those  of  an  indus- 
trial motor  load,  for  the  latter  is  invariably  on  the  line  during  the 
day  peak  while  the  former  help  to  fill  the  early  morning  and  late 
night  valleys.     (The  heating  load  is  always  of  unity  power  factor.) 

Thus  has  been  the  experience  in  a  locality  where  climatic  condi- 
tions make  the  requirements  for  house  heating  intermittent,  extend- 
ing pretty  well  over  the  entire  year,  where  the  heating  requirements 
at  any  one  time  are  small  and  where  the  rate  for  current  is  such 
that  it  is  sold  at  a  profit  to  the  power  company  and  at  a  cost  that 
is  commensurate  with  the  value  of  the  service  to  the  consumer. 
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This  value  of  service  centres  around  the  very  distinct  advantages 
that  electric  heating  offers  the  user.  These  advantages  may  be 
defined  as  follows: — 

Convenience.  Convenience  is  the  strongest  appeal  of  electric 
house  heating.  The  heat  is  available  instantly.  The  temperature 
can  be  maintained  uniformly  by  automatic  control  devices  or  by 
hand.  The  electric  heater  requires  no  attention,  no  fires  have  to  be 
lighted,  no  fuel  need  be  stored,  no  ashes  to  be  handled,  and  no 
danger  of  the  fire  going  out.  The  comfort  afforded  by  auxiliary  elec- 
tric heaters  in  taking  away  the  chill,  without  the  necessity  of  build- 
ing a  fire  in  a  fuel  heating  plant,  is  particularly  noticeable  in  the 
fall  or  spring  of  the  year.  During  the  cold  weather,  auxiliary 
heaters  are  very  convenient  for  quick  heating  or  for  warming  cold 
comers. 

Cleanliness.  Electric  heat  is  absolutely  clean,  whereas  coal,  coke, 
wood  and  oil  are  naturally  dirty.  Smoke,  soot,  grease,  moisture 
and  other  products  of  combustion  of  these  fuels  collect  on  walls 
and  furnishings  in  spite  of  all  precautions.  The  handling  of  solid 
and  liquid  fuels,  and  the  removal  of  ashes,  produces  additional 
dust,  dirt  and  filth.  Consequently,  less  frequent  cleaning  and 
redecorating  are  necessary  where  electric  heat  is  employed. 

Healthfitlness.  The  radiant  electric  room  heater  is  a  most  health- 
ful method  of  heating  the  rooms.  It  has  the  advantage  over  fuel- 
fired  room  heaters  in  that  it  does  not  use  up  oxygen,  nor  discharge 
products  of  combustion  into  the  room. 

Safety.  Electric  heaters  are  safe  when  properly  designed  and 
installed.     There  is  no  danger  from  explosion  or  asphyxiation. 

Economy.  Electric  heat  often  affords  other  advantages.  The 
builder  does  not  have  to  build  a  chimney  or  provide  pipes  for  the 
exhaustion  of  gases  in  a  home  heated  with  electricity.  This  cuts 
down  the  cost  of  a  building  to  a  certain  extent. 

Electric  heat  also  reduces  labour  costs.  In  the  home,  it  takes 
up  less  of  the  housewife's  time  and  attention.  Hired  labour  for 
attending  fuel  furnaces  can  be  eliminated  and  the  expense  of  clean- 
ing waUs,  furnishings  and  silverware  can  be  lessened.  In  apartment 
houses,  offices,  hotels,  churches  and  schools,  furnace  labour  may 
be  done  away  with  and  cleaning  costs  curtailed. 
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SPECIFIC  INSTALLATIONS 

Heating  Systems 
There  are  three  general  methods  of  employing  electric  heat  in 
domestic  use.  The  first  general  method  of  heating,  which  is  direct 
air  heating,  may  use  both  radiant  and  convected  heat.  The  other 
two,  thermal  storage  systems  and  central  heating  systems,  use  the 
principle  of  convected  heat. 

Direct  Air  Heating  Systems.  The  largest  share  of  the  direct 
heating  done  by  electric  heaters  is  through  the  use  of  convection 
heaters,  of  which  there  are  many  types.  The  convection  air  heater 
is  very  common  in  America  and  the  prevailing  type  in  domestic 
use  operates  on  the  natural  draught  or  stack  principle.  The  heating 
element  is  so  arranged  that  cold  air  enters  at  the  bottom  of  the 
heater  and  strikes  successive  rows  of  heating  coils.  As  the  air 
rises  toward  the  top  the  draught  or  stack  action  becomes  greater 
as  the  air  becomes  warmer  and  this  results  in  a  marked  circulation 
which  is  effective  in  keeping  the  temperature  even  throughout  a 
room. 

The  convection  heater  may  be  of  a  portable  type  and  moved  from 
room  to  room,  or  it  may  be  mounted  in  the  wall.  In  many  applica- 
tions it  has  been  found  advisable  to  design  convection  heaters  so 
that  they  also  give  off  a  small  amount  of  radiant  heat.  This  is 
particularly  true  of  heaters  installed  in  hallways  and  bathrooms. 

Convected  heat  is  applied  in  some  applications  to  individual 
steam,  or  hot-water,  radiators.  In  this  case,  the  heating  element 
in  the  bottom  of  the  radiator  raises  the  temperature  of  the  water, 
which  in  turn  heats  the  room  through  circulation  in  the  radiator. 

The  second  type  of  direct  heater  is  the  radiant  type,  which  finds 
its  apphcation  in  small  portable  heaters,  fireplaces  and  in  other 
uses  where  instant  heat  is  required  without  appreciably  raising  the 
room  temperature.  The  energy  from  this  type  of  heater  can  be 
directional  and  is  only  converted  into  heat  when  it  strikes  an  opaque 
object  such  as  the  walls  of  a  room  or  the  body.  The  temperature 
in  a  room  is  only  raised  through  the  air  coming  into  contact  with 
these  objects  which  have  been  heated  by  radiant  energy. 

Central  Heating  Systems.  Electric  heating  may  be  employed  in 
central  heating  systems  which  may  be  of  the  hot-air  type  or  which 
may  use  hot  water  or  steam  to  carry  the  heat  from  the  plant  in  the 
basement  to  the  rooms  where  the  heat  is  needed.  These  three  types 
of  central  heating  systems  correspond  closely  to  the  similar  systems 
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using  coal  for  fuel.  In  fact,  it  is  possible  to  convert  both  steam 
and  hot  water  plants  using  coal  to  electric  operation  through  the 
addition  of  a  small  heating  unit  connected  on  the  outside  of  the 
boiler.  This  permits  operation  of  the  heating  plant  separately  by 
coal  or  by  electricity  or,  as  is  sometimes  the  case  in  severely  cold 
weather,  by  using  both  coal  and  electricity.  The  electric  heating 
elements  used  may  be  either  of  the  induction  type  or  the  résister 
type.  It  is  common  practice  in  central  electric  hot-air  systems  to 
install  a  separate  furnace  which  may  be  operated  in  conjunction 
with  the  coal  hot  air  furnace  or  separately. 

Although  the  central  heating  system  gives  satisfactory  heat  it  is 
more  wasteful  of  energy  and  therefore  does  not  find  favour  in  the 
majority  of  communities. 

Thermal  Storage  Heating  Systems.  Heat  storage  systems  are  used 
to  retain  heat  created  by  current  generated  during  off-peak  hours 
for  use  during  other  periods  of  the  day.  They  operate  by  heating 
tanks  of  water  or  other  material  during  periods  of  the  day  or  night 
when  cheap  current  is  available.  This  heat  is  retained  through 
careful  insulation  and  is  then  used  a  few  hours  later.  Storage 
systems  are  extensively  employed  in  Europe  and  are  considered 
more  fully  under  the  heading  of  European  Practice. 

AMERICAN  PRACTICE 

Developments  in  the  use  of  electricity  for  heating  buildings  have 
been  characterised  by  the  use  of  almost  every  conceivable  form  of 
heater  and  method  of  application.  Load  conditions  have  again 
determined  the  practice.  On  the  western  cocist  of  the  United 
States,  where  the  temperatures  are  mild  and  the  requirements  for 
heat  are  small  and  intermittent,  the  radiant  and  convection  type  of 
direct  heater  have  been  most  generally  used.  In  other  localities, 
isolated  installations  of  electrically  heated  central  heating  plants 
have  been  made,  some  using  current  as  required  throughout  the  day 
and  some  storing  energy  in  water  during  the  off-peak  night  hours, 
to  be  liberated  as  required  during  the  day.  In  European  cities 
the  gravel-filled  storage  type  heater  has  been  most  generally  used 
and  with  entire  satisfaction  to  both  user  and  power  company. 

Domestic  Heating  in  California 

In  order  to  show  what  the  heating  of  houses  means  to  the  consumer 
and  the  power  companies  in  the  California  district.  Tables  I.,  II.  and 
III.,  giving  current  consumption  in  homes,  apartments  and  offices, 
are  presented. 
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TABLE  I. 

TYPICAL  CONSUMPTION  OF  ELECTRICITY  IN  "ALL  ELECTRIC" 
HOMES  IN  CALIFORNIA 


Los 

San 

San 

San 

Gatos 

Francisco 

Mateo 

Francisco 

6  rooms 

6   rooms 

7  rooms 

8  rooms 

kW. 

kW. 

kW. 

kW. 

installed. 

installed. 

installed. 

installed. 

Range 

7 

8 

8 

7 

Water  heater 

5 

5 

5 

5 

Air  heaters 

21 

18 

26-2 

28 

Lights  and  appliances 

2 

2 

2-5 

2-5 

kWh. 

kWh. 

kWh. 

kWh. 

consumed 

consumed. 

consumed. 

consumed. 

Jan.,    1925       . 

1,540 

1,306 

2,756 

3,946 

Feb.,   1925       . 

1,420 

958 

2,430 

2,502 

Mar.,   1924       . 

1,490 

900 

1,681 

1,018 

Apr.,    1924       . 

1,000 

1,100 

1,769 

1,167 

May,    1924       . 

560 

1,118 

1,317 

892 

June,  1924       . 

340 

563 

1,207 

936 

July,   1924       . 

180 

187 

903 

458 

Aug.,  1924       . 

590 

686 

739 

77 

Sept.,  1924       . 

500 

955 

951 

385 

Oct.,    1924       . 

460 

730 

974 

760 

Nov.,  1924       . 

660 

1,097 

1,771 

1,242 

Dec,   1924       . 

870 

1,353 

1,523 

1,716 

Total        

9,620 

10,953 

18,021 

15,099 

Estimated     consumption    for 

cooking,  water  heating  and 

lighting        

5,520 

5,520 

8,400 

8,400 

Air  heating  only 

4,100 

5,433 

9,621 

6,699 

Average  per  month 

342 

453 

802 

558 

It  is  difficult  to  make  an  accurate  calculation  of  the  probable 
monthly  consumption  of  any  particular  building,  due  to  the  variation 
in  construction,  temperature  and  heating  requirements,  but  from 
a  close  observation  of  several  installations  in  the  San  Francisco  Bay 
section,  which  have  been  installed  for  some  time  and  on  which  very 
accurate  data  have  been  compiled,  it  has  been  found  that  the 
following  are  very  fair  averages. 

In  each  of  the  foUowing  installations  heaters  of  sufficient  capacity 
to  maintain  a  temperature  difference  of  30  deg.  F.  between  outside 
and  inside  room  temperature  were  installed. 

Residences.  Consumption  per  month  for  six  winter  months  where  a 
uniform  temperature  was  maintained,  average  20  to  25  kW.  hours  per 
kW.  of  heater  capacity  installed. 
Offices.  Consumption  per  month  for  six  winter  months  heating,  eight 
hours  per  day,  twenty-six  days  per  month,  average  50  to  60  kW.  hours 
per  kW.  of  heater  capacity  installed. 
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Schools.  Consumption  per  month  for  six  winter  months  heating,  five 
hours  per  day,  twenty-one  days  per  month,  average  35  to  40  kW.  hours 
per  kW.  of  heater  capacity  installed. 


TABLE  II. 

TYPICAL  CONSUMPTION  OF  ELECTRICITY  IN  "ALL  ELECTRIC" 

APARTMENT  HOUSES  IN  CALIFORNIA 


San  Francisco 

San    Francisco 

San    Francisco 

1 6  rooms 

42    rooms 

79  rooms 

kW.  installed. 

kW.  installed 

kW.  installed 

Ranges 

.    4-7kW.=   28 

17-7  kW.=    105 

33-6èkW.=  214  5 

Water  heaters 

20 

10 

* 

Air  heaters 

23 

110 

137 

kWh. 

kWh. 

kWh. 

consumed. 

consumed. 

consumed. 

Jan. 

3,171 

15,280 

13,440 

Feb. 

2,945 

11,120 

10,920 

Mar. 

2,309 

10,160 

6,000 

April 

1,930 

10,720 

6,240 

May 

1,585 

9,120 

5,160 

June 

1,250 

8,320 

4,680 

July 

1,163 

8,720 

5,400 

Aug. 

1,187 

8,380 

1,440 

Sept. 

1,222 

8,000 

3,120 

Oct. 

1,271 

7,690 

2,760 

Nov. 

1,671 

9,880 

7,720 

Dec. 

1,836 

14.590 

12.320 

Total 

21,540 

121,980 

79.200 

Estimated  consump 

tion    cooking    and 

water  heating 
Heating  only 

8,640 

93,000 

t  31.680 

12,900 

28.980 

47,520 

Average  per  month                1,075 

2,415 

3,960 

Average    per    room 

per  month 

67 

58 

50 

*  Separate  meter.         f  Cooking  only. 

Although  the  above  average  figures  were  obtained  from  the  study 
of  a  representative  number  of  actual  installations,  it  must  be  realised 
that  they  are  to  be  used  for  only  approximate  estimations  of  the 
probable  consumptions  in  proposed  installations.  The  actual 
consumptions  will  vary  with  varying  climatic  conditions,  with  the 
construction  and  exposure  of  the  house  or  room  to  be  heated  and 
with  the  habits  of  the  occupants. 

Domestic  Heating  in  Tacoma,  Washington 
The  city  of  Tacoma,  Washington,  has  encouraged  electric  house 
heating  for  quite  a  number  of  years.     Exceptionally  low  rates  have 
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been  established  cind  a  considerable  house  heating  load  has  been 
built  up,  which  is  returning  a  profit  to  the  power  company  and 
giving  the  consumer  satisfactory  service.  The  details  of  their 
electric  rates  are  as  follows: 

Heating  rate,  for  customers  having  electric  house  heating  equip- 
ment is  a  minimum  charge  of  $9.00  per  kW.  of  maximum  demand 
per  year  with  a  regular  energy  charge  of  |  cent,  per  kWh. 
The  customer  is  required  to  have  a  separate  meter  on  his  heating 
load  to  take  advantage  of  this  rate,  and  is  permitted  to  use  this 


TABLE  III. 

TYPICAL  CONSUMPTION  OF  ELECTRICITY  IN  ELECTRICALLY 
HEATED  OFFICES  IN  CALIFORNIA 


San 

San 

San 

Francisco. 

Francisco. 

Francisco. 

kW.  installed  for  air 

heating        ...          10-8 

20 

27 

kWh. 

kWh. 

kWh. 

consumed. 

consumed. 

consumed. 

Jan.              

1,542 

3,270 

3,408 

Feb. 

843 

2,296 

2,448 

March 

668 

1,032 

792 

April 

384 

1,361 

984 

May- 

118 

1,039 

168 

June 

6 

89 

264 

July 

7 

69 

48 

Aug. 

76 

198 

288 

Sept. 

18 

259 

120 

Oct. 

103 

536 

24 

Nov. 

551 

1,403 

576 

Dec. 

1.150 

1,458 

1.968 

Total    .. 

5,466 

13,010 

11,088 

Average  per  month 

455 

1,084 

924 

Average   per   kW. 

connected   per 

month 

42 

54 

34 

service  only  on  air  and  water  heating  equipment.  The  purpose 
of  the  minimiun  charge  is  to  reduce  the  demand  as  much  as  possible. 
The  consumer  pays  for  his  energy  month  by  month.  At  the  end 
of  the  year  if  the  total  payment  in  dollars  equals  or  exceeds  nine 
times  the  number  of  kilowatts  heater  capacity  installed  no  addi- 
tional charge  is  made;  if  the  sum  of  the  monthly  payments  for  the 
year  is  less  than  this  minimum  charge  the  customer  is  required  to 
pay  the  difference  between  the  minimum  charge  and  the  amount 
already  paid. 

Favourable  climatic  conditions  and  an  electric  rate  making  cost 
competitive  with  fuel  costs  have  resulted  in  the  rather  widespread 
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adoption  of  electric  heat  for  house  heating  this  city.  Statistics 
regarding  the  present  status  of  this  load  are  not  available,  but  an 
analysis  of  the  conditions  as  they  existed  in  1921  will  be  indicative 
of  the  trend  of  utilisation  of  electricity  for  such  purposes. 

In  Table  IV.  a  general  summar}'  of  the  principal  data  appertaining 


TABLE  IV. 


GENERAL  SUMMARY  OF  CONSUMPTION  OF  ELECTRICITY  FOR 
HEATING  IN  TACOMA 

Year, 

1919. 

1920. 

1921. 

Total  number  of  customers 

Total    number    of    full    year    cus- 
tomers 

Total  kWh.  consumption 

Average    kWh.    consumption   per 
customer 

Total  kW.  connected  load 

Average  kW.  connected  load  per 
customer 

Total  income  for  the  year 

Average  annual  income   per  cus- 
tomer 

Average   annual  income  per  kW. 
connected  load 

Average  rate  per  kWh.  sold 

Number  of  customers  using  4  kW. 
or  more  the  full  year 

Average   connected    load    of   full- 
year  customer  using  4  kW.  or 
more 

Average   yearly   income   per   cus- 
tomer using  4  kW.  or  more  full 
year 

Total  income  from  customers  using 
4  kW.  or  more  full  year 

547 
139 

3,625 

6-65 
$19,490.00 

$35.60 

$10.00 
0-52  cent 

103 

8-17 

925 

423 
8,860,000 

8,580 
6,104 

6-60 
$49,400.00 

$53.00 

0-557  cent 
305 

8-48 

$85.00 
$26,000.00 

1,978 

1,017 
18,712,000 

9,470 
12,760 

6-45 
$97,400.00 

149.25 

$11.80 
0-552  cent 

678 

8-67 

$73.50 
$74,750.00 

to  the  heating  load  for  the  three  years  1919,  1920  and  1921  is  to  be 
found.  In  Table  V.  the  data  for  1920  is  analysed.  The  number  of 
consumers  practically  doubled  each  year  over  the  year  previous. 
During  the  last  year  it  became  necessary  to  discontinue  taking  on 
more  heating  load  until  additional  water  power  development,  now 
in  progress  of  construction,  was  completed.  During  the  three 
years  the  connected  load  grew  in  proportion  to  the  nimiber 
of  consumers.  The  average  connected  load  per  consumer  remained 
relatively  constant  at  about  6-5  kilowatts.  The  average  annual 
income  per  heating  customer  during  the  last  two  years  was  about 
$51.00.  This  represents  the  income  for  energy  sold  for  heating 
only;    and  is  the  average  figure  for  all  heating  customers  connected 
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to  the  system.  If  all  consumers  having  less  than  four  kilowatts 
connected  load  be  excluded,  the  average  selling  price  for  energy 
was  approximately  5-5  mills  or  0-5  mills  in  excess  of  the  0-5  cent 
rate,  indicating  that  a  considerable  number  of  consumers  used  less 
than  the  prescribed  minimum  number  of  kilowatt  hours,  namely, 
1,800  kilowatt-hours  per  annum  per  kilowatt  of  connected  load. 

TABLE  V. 
ANALYSIS  OF  DATA  OF  CONSUMPTION  OF  ELECTRICITY  FOR  HEATING  IN 

TACOMA  (1920) 


Class  of  Customer. 

Business 

Item. 

Residence 

Apartment. 

and  Miscell. 

Total. 

Number  of  customers     ... 

795  or  86% 

54  or  5-8% 

76  or  8-2% 

925 

No.  of  full-year  customers 

377  or  89% 

15  or  3-6% 

31  or  7-4% 

423 

Total  kWh.  consumption 

7,207,600 

396,360 

1,256,000 

8,860,000 

or  81-3% 

or  4-5% 

or  14-2% 

Average    kW.    consumption    per 

customer 

9,075 

7,340 

16,500 

Aver.  8,580 

Total  kW.  connected  load 

5,141 

307 

656 

6,104 

Average  kW.  connected  load  per 

customer 

6-47 

5-68 

8-63 

6-60 

Total  income 

139,812.00 

12,298.00 

$7,290.00 

$49,400.00 

or  80-6% 

or  4-6% 

or  14-8% 

Average  annual  income  per  cus- 

tomer    ... 

$50.10 

$42.50 

$96.00 

$53.00 

Average  annual  income  per  kW. 

connected  load 

$7.90 

$7.50 

$11.10 

$8.09 

Average  rate  per  kWh.  sold     ... 

0-552  cent 

0-579  cent 

0-581  cent 

0-557  cent 

No.  of  customers  using  4  kW.  or 

more  a  full  year           

271 

10 

24 

305 

Total  connected  load  of  full  year 

customers  of  4  kW.  or  over    . . . 

2,274  kW. 

75-5  kW 

236  kW. 

2,585-5  kW. 

Average  connected   load   of  cus- 

tomers using  4  kW.  or  over   . . . 

8-38  kW. 

7-55  kW. 

984  kW. 

8-48  kW, 

Average  income  for  year  per  cus- 

tomer using  4  kW.  or  over    ... 

$81,00 

$92.00 

$132.00 

Total     income    from    customers 

using  4  kW.  or  over  a  full  year. 

$21,973.00 

$919.87 

$3,168.87 

$26,061.75 

In  order  to  show  the  relation  between  energy  consumption  and 
the  outdoor  temperature,  Table  VI.  was  prepared.  Here  consumers 
having  electric  furnace  plants  are  chosen  because  all  of  their  heating 
requirements  are  supplied  electrically,  including  the  hot  water. 
An  indoor  temperature  of  68  deg.  F.  is  assumed  as  representing  the 
average  indoor  temperature  of  a  heater  house  throughout  the  year. 
This  table  shows  the  month  by  month  average  outdoor  temperature 
for  Tacoma  as  recorded  by  the  U.S.  Weather  Bureau,  the  tempera- 
ture differences  between  the  average  monthly  outdoor  temperature 
and  68  deg.  F.,  the  month  by  month  consumption  of  375  full-year 
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customers  expressed  in  per  cent,  of  their  total  yearly  consumption, 
the  average  estimated  month  by  month  consumption  of  nineteen 
consumers  operating  electric  furnace  plants  during  December, 
1920,  and  the  average  kilowatt-hours  consumption  per  month  per 

TABLE  VI. 

AVERAGE   SPECIFIC   ENERGY  CONSUMPTION   FOR   NINETEEN  CONSUMERS 

HAVING  FURNACE  PLANTS 
(Based  on  their  December  consumption  and  the  percentages  given  in  the  Table) 


Outdoor  Temperature  in 

Average 

degrees 

F.  1920. 

Estimated 

Average 

kWh.  con- 

Per cent. 

kWh.  per 

Month 

Average 

68°F,  minus 

sumption  per 

Yearly 

Month  per 

Monthly 

Average 

Furnace  Plant 

Total. 

degree    F. 

Temperature. 

Monthly 

1920 

below  68. 

°F. 

Temperature 

January 

39-5 

28-5 

4.850 

141 

170 

February     . 

39-8 

28-2 

4,650 

13-5 

165 

March 

44-4 

23-6 

4,550 

13-2 

193 

April 

45-6 

22-4 

3,995 

11-6 

178 

May 

51-8 

16-2 

2,410 

70 

149 

June 

58-6 

9-4 

1,760 

51 

187 

July 

64-6 

3-4 

860 

2-5 

252 

August 

64-6 

3-4 

344 

1-0 

101 

September  . 

58-0 

100 

963 

2-8 

96-3 

October 

49-8 

16-2 

2,125 

6-3 

117 

November  . 

46-1 

21-9 

3,580 

10-4 

163 

December    . 

42-6 

25-4 

4,300 

12-5 

169 

Average  . 

50-4 

17-55 

2,860 

162 

degree  temperature  difference.  The  month  by  month  estimated 
consumption  is  based  upon  the  actual  December  consumption 
and  the  percentages  given  in  column  5. 

The  conclusions  reached  by  Mr.  E.  A.  Loew  in  his  study  of  electric 
house  heating  in  Tacoma  may  be  summed  up  as  follows: 

1.  Coal  and  wood  continue  to  compete  with  electrical  energy  for 
heating  where  the  approximate  prices  are  about  as  follows: 

Coal— having  from  10,000  to  13,000  B.Th.U.  per  lb.  sells  at 

from  $12.00  to  $14.00  per  ton  delivered. 
Wood — first  growth  fir  sawed  in  12-in.  lengths,  sells  at  about 
$10.50  per  cord  delivered. 
Electrical  energy  is  available  at  0-5  cents  per  kWh.      Whether 
or  not  such  competition  would  continue  indefinitely   if   electrical 
heating  were  on  as  permanent  a  basis  as  is  heating  by  older  methods, 
is  very  questionable. 

2.  The  larger  percentage  of  consumers  using  electrical  heat  burn 
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some  coal  or  wood  also.     That  is  shown  by  the  fact  that  the  average 
connected  load  is  only  6-5  kilowatts. 

3.  The  average  annual  income  of  about  $12.00  per  kilowatt  of 
connected  load  seems  assured  under  a  0  -5  cent  rate  for  energy. 

4.  An  average  six-room  house  using  radiant  heaters  will  find 
10  or  11  kilowatts  of  connected  heater  load  sufficient.  The  annual 
energy  consumption  is  about  22,000  kilowatt-hours,  costing  roughly 
$115.000. 

5.  Apartments  use  on  the  average  about  75  per  cent,  as  much 
energy  as  isolated  residences  of  the  same  volume. 

6.  The  heat  energy  requirements  of  a  residence  are  proportional 
to  the  temperature  difference  between  the  inside  of  the  house  and 
the  outside,  and  to  the  relative  humidity.  For  the  region  and  type 
of  construction  in  question  the  kilowatt-hours  consumed  per  1,000 
cu.  ft.  of  volume,  per  degree  temperature  difference,  and  per  degree 
relative  humidity  is  about  0-170  kWh. 

7.  The  best  information  available  indicates  that  the  diversity 
factor  of  the  heating  load  alone  is  about  1  -6. 

8.  It  is  apparent  that  the  cheapest  electrical  energy  available  is 
off-peak  energy  generated  from  water  power  where  no  water  storage 
is  available.  In  order  to  utihse  such  energy  for  heating,  some  form 
of  heat  energy  storage  must  be  provided.  A  water  tank  or  cistern 
in  which  water  may  be  heated  and  stored  during  the  night  time 
and  from  which  hot  water  may  be  circulated  through  radiators  as 
required,  seems  to  be  the  most  logical  device  for  this  purpose. 
The  plan  is  now  being  followed  by  power  companies  for  heating 
feed  water  and  by  a  city  in  Norway  for  the  heating  of  homes. 

Experiments  in  East  Pittsburgh 

In  the  city  of  East  Pittsburgh,  comparative  tests  are  being  made 
on  heating  three  similarly  constructed  six-room,  two-story  houses, 
one  electrically  heated,  but  without  heat  insulation,  one  electrically 
heated  and  insulated  with  2  in.  of  cork  on  the  ceiling  of  the  second 
floor,  and  on  the  ceiling  of  the  basement,  and  H  in.  on  the  walls 
of  the  first  and  second  fioors,  and  the  third  house  uninsulated  and 
heated  with  a  coal-fired  hot-air  furnace.  The  houses  are  located 
on  the  side  of  a  hill  and  are  well  exposed  to  the  winds. 

Each  of  the  three  houses  is  equipped  with  storm  sash  for  the 
windows  of  the  first  and  second  floors.     The  basement  windows  are 
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not  so  equipped.  Storm  doors  were  not  used  during  the  first  test, 
but  will  be  installed  before  the  next  heating  season.  Both  of  the 
electrically  heated  houses  are  wired  for  220  volts  single-phase, 
60  cycles  for  the  heating  load. 
The  following  table  shows  the  number  of  heating  outlets  and  the 
approximate  floor  space  of  each  room  of  the  houses,  the  data  being 
the  same  for  each  house: — 


No. 

of  Outlets                Approximate   Floor  Space 

Room. 

for  Heaters 

of  Room. 

Basement 

2 

25'    8"x22'    S^xg' 

Bathroom 

1 

5'    9"x    7'  11"  X  8' 

Bedroom  A  ... 

2 

12'    S^x  12'  lO^xS' 

Bedroom  B  ... 

2 

10'  ll"x  13'    0"x8' 

Bedroom  C   ... 

2 

9'    rx    9'    9^x8' 

Kitchen 

2 

10'    9"x  12'  10"x8i' 

Dining  Room 

2 

11'    4"x  12'  10"x8|' 

Living  Room 

5 

12'    3"xl9'    rx8Î' 

A  total  of  twenty-five  electric  heaters  were  available  during  the 
past  heating  season.  Seventeen  were  of  the  radiant  type  with  a 
total  rated  capacity  of  42-15  kW.,  while  eight  were  of  the  convection 
type,  having  a  total  capacity  of  23  kW. 

Five  people  are  living  in  the  uninsulated  electrically  heated  house. 
Two  people  are  living  in  the  insulated  house.  Three  people  are 
living  in  the  coal-fired  house. 

Meters  and  recording  thermometers  were  provided  so  that  a 
detailed  study  of  all  phases  of  the  problem  could  be  made. 

Table  VII.  gives  a  comparison  of  the  actual  cost  of  the  two  electric- 
ally heated  houses  and  the  coal-fired  house,  and  the  estimated  cost  of 
the  heating  system  for  each  house.  The  cost  figure  for  each  house 
does  not  include  the  cost  of  the  lot  upon  which  the  house  is  built, 
but  does  include  the  cost  of  the  7  -5  kilowatt  electric  range  installed 
in  each  house. 

In  interpreting  these  figures,  it  should  be  realised  that  the 
houses  were  built  by  the  Real  Estate  Department  of  the  Westing- 
house  Electric  and  Manufacturing  Company,  and  that  nothing  was 
charged  for  overhead  or  profit.  In  the  case  of  an  independent 
builder  who  would  build  exactly  similar  houses  and  pay  com- 
mercial prices,  the  coal-fired  heating  system  would  cost  about 
3-5  per  cent,  and  the  electric  heating  system  in  the  uninsulated 
house  about  7|  per  cent,  of  the  total  cost  of  the  house.  The 
addition  of  cork  insulation  to  the  electrically  heated  house 
would  raise  the  heating  system  cost  to  about  15  per  cent,  of  the  total 
house  cost. 
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TABLE  VII. 

COMPARISON   OF   INSTALLATION   COSTS   OF   HOUSES   USED   FOR 
EXPERIMENTS  IN  HEATING  REQUIREMENTS 


Uninsulated 

House 

No.  240. 

Insulated 

House 

No.    237 

Coal   Fired 

House 

No.   301. 

Cost  of  house  alone 

Cost  of  storm  windows     ... 

Cost   of  storm  doors    (not   as   yet 
installed)... 

Cost  of  coal  furnace  including  cost 
of  installation  and  air  ducts 

Cost  of  cork  insulation     ... 

Cost    of   wiring    for    electric    heat 
(not  including  underground  ser- 
vice but  including  control  wir- 
ing)             

Estimated  probable  cost  to  users 
of     necessary     electric     heaters 
(does  not  include  all  of  present 
heaters)    ... 

Insulated  house,   19  k\V. 

Uninsulated  house,  25  kW. 

$6,094.00 
135.00 

28.00 

332.00 
400.00 

$6,094.00 
135.00 

28.00 
750.00 

332.00 
330.00 

$6,094.00 
135.00 

28.00 

225.00 

Total 

Amount  chargeable  to  heating  sys- 
tem (initial  cost) 

Percentage  added  to  house  cost  by 
heating    system     (100%    house 
cost  is  $6,257.00)            

$6,989.00 
730.00 

11.7% 

$7,669.00 
1,412.00 

22.6% 

$6,482.00 
225.00 

3.6% 

OPERATING  COSTS 
Coal  heated  house: 

Estimated  coal  consumed — Jan.  24th  to  April  1 9th 

Actual  cost  of  coal  (eighty-five  days) 

Pounds  of  coal  per  day 

Cost  per  day 

Inside  temperature  (living  room)  kept  about 

Electrically  heated  houses: 

kWh.  per  day  uninsulated  house  (Jan.  24th  to  April  19th) 

Cost  per  day  at  3  cents  per  kWh. 

Average  inside  temperature  (living  room)    ... 

kWh.  per  day  insulated  house  (Feb.  4th  to  April  19th) 
Cost  per  day  at  3  cents  per  kWh.  (seventy-four  days) 
Average  inside  temperature  (living  room)    ... 

Ratio  of  cost  per  day  on  basis  of  coal  at  $5.00  per  ton,  and  electricity 
3  cents  per  kW.h.: — 

Coal-fired  house    ...         ...         ...       1 

Insulated  house    ...         ...         ...     12-7 

Uninsulated  house  ...         ...     20 

Average  outside  temperature,  Feb.  4th  to  April  19th,  was  41-3°F. 
Average  outside  temperature,  Jan.  24th  to  April  19th,  was  40-3°F. 
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3,300  lb. 
$20.80 

97-6  lb. 
50.245 

68°F. 

163-5 
M.905 
67.3°F. 

103-7 
P.lll 
65-6°F. 
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If  the  price  of  coal  were  $20.00  or  $25.00  per  ton  and  the  cost  of 
electrical  energy  were  about  1  cent  per  kWh.,  the  cost  of  electrical 
house  heating  would  not  be  prohibitive.  These  conditions  are 
approximated  in  some  districts. 
Tests  during  a  three-month  period  indicate  that  the  normal 
heating  comes  between  the  hours  of  6.30  a.m.  and  10  p.m.  The 
maximum  demand  on  the  insulated  house  was  13-2  kW.  and  on 
the  uninsulated  house  23-2  kW.  The  demand  for  the  uninsulated 
house  exceeded  20  kW.  for  seven  days  and  for  the  insulated  house 
1 1  kW.  during  the  same  period.  The  electrical  demand  varies  with 
the  changes  in  the  outside  temperature. 
The  portable  radiant  type  heaters  seem  to  be  the  most  popular, 
as  they  warm  the  lower  portions  of  the  room  and  give  a  direct 
sensation  of  warmth  when  one  is  exposed  to  them.  They  are  most 
suitable  for  use  in  the  living  room,  especially  in  the  fireplace  where 
they  harmonise  very  well  with  the  rest  of  the  room.  The  three- 
heat  snap  switch  is  a  necessary  adjunct  to  these  heaters.  The 
convection  type  of  heater  seems  to  be  suitable  for  use  in  the  base- 
ment and  bedrooms. 

The  occupants  of  the  electrically  heated  houses  are  agreed  that 
the  electric  heat  affords  considerable  labour  saving  over  coal-fired 
heat,  and  no  difficulty  was  experienced  in  keeping  the  houses  warm 
and  comfortable  with  electric  heat. 

If  the  proper  locations  and  types  of  electric  heaters  are  maintained, 
the  electric  heat  is  much  cleaner  than  the  coal-fired  heat.  Auto- 
matic temperature  control  should  be  installed  where  electric  heat  is 
used.  This  will  greatly  add  to  the  convenience  and  will  also  econo- 
mise the  power  consumption. 

Considerable  additional  work  must  be  done  to  collect 
more  information  regarding  the  power  requirements  for  electric 
house  heating.  The  chief  problem  at  present  seems  to  be  in 
the  determination  of  the  most  suitable  type  of  electric  heaters 
to  use  and  in  the  design  of  an  inexpensive  and  suitable  system  of 
control. 

Experiments  at  Fort  Wayne 

In  Fort  Wayne,  Indiana,  experiments  have  been  conducted  on  an 
electrically  heated  home.  The  heating  system  consists  of  four 
storage  water  heaters  using  current  during  the  night  period  and 
supplying  heat  throughout  the  day  as  required  by  means  of  mech- 
anically circulated  hot  air.  The  power  schedule  on  which  this 
service  is  purchased  is  as  follows: — ■ 
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Monthly  demand  charge: 

$1.75  per  kVA.  for  first  50  kVA. 

1.50  per  kVA.  for  next  50  kVA. 

1.25  per  kVA.  for  next  100  kVA. 

1.10  per  kVA.  for  next  300  kVA. 

1.00  per  kVA.  for  next  500  kVA. 

0.75  per  kVA.  in  excess  of  1,000  kVA. 


Energy  charge: 

2.0c  per  kWh. 
1.25c  per  kWh 
1.0c  per  kWh. 
0.9c  per  kWh. 
0.8c  per  kWh. 
0.7c  per  kWh. 

There  are  various 
billing  demand  and 


first  30  hours'  use  per  month  of  billing  demand. 
.  next  60  hours'  use  per  month  of  billing  demand, 
next  90  hours'  use  per  month  of  billing  demand, 
next  120  hours'  use  per  month  of  billing  demand, 
next  180  hours'  use  per  month  of  billing  demand, 
over     480  hours'  use  per  month  of  billing  demand. 

clauses  in  this  rate  regulating  the  determination  of  the 
governing  off-peak  operation. 


7'^3rs   or  £L£cr/?/cy!L    /-/OAf£  /Vo  / 


Fig.  2      Test  of  Consumption  of   Electricity  in  "All  Electric"  Home, 
Fort  Wayne. 

Fig.  2  gives  the  weekly  consumption  of  electricity  in  comparison 
with  the  outside  temperature. 


Tests  in  Erie,  Pennsylvania 

In  Erie,  Pennsylvania,  test  have  been  conducted  on  an  eight-room, 
insulated,  frame  house  in  which  were  installed  nine  3  kW.  heaters. 
The  design  of  the  heaters  is  essentially  of  a  convection  type.  The 
heat  is  generated  by  an  inmiersion  heater  encased  in  a  tube  con- 
taining a  few  quarts  of  water.     Rapid  transfer  of  the  heat  released 
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to  the  water  is  accomplished  by  means  of  copper  fins  attached  to 
the  water  tube. 

An  unusual  feature  of  the  installation  is  an  ingenious  dual  thermo- 
static control  that  protects  against  excessive  energy  demand  of 
several  heaters  for  longer  than  two  or  three  minutes,  yet  the  air  is 
kept  at  the  desired  point.  To  determine  this  point,  the  power  was 
shut  off  for  three  hours  when  the  outside  temperature  was  26  deg.  F. 
The  inside  mean  temperature  fell  from  70  deg.  F.  to  66  deg.  F. 
When  the  heaters  were  again  turned  on  the  instantaneous  peak 
was  18-5  kW.,  but  the  fifteen-minute  metered  demand  showed  only 
7  -6  kW.  About  three  minutes  after  power  was  appHed,  one  heater 
tripped  off,  four  minutes  later  another  3  kW.  imit  tripped  off,  and  a 
few  seconds  later  another  came  on,  etc.,  thus  showing  the  action 
of  the  controls  when  the  demand  for  more  or  less  heat  arises. 

The  energy  consumption  for  twenty-seven  days  of  January,  without 
cork  insulation,  was  135  kWh.  daily  and  for  February,  for  the  same 
number  of  days,  but  with  cork  insulation,  it  was  75  kWh;  daily. 
The  outside  temperatures  were  practically  the  same  and  this  44  per 
cent,  decrease  in  consumption  was  entirely  due  to  insulation. 
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RÉSUMÉ 

L'emploi  du  chauflfage  électrique  dans  les  maisons  dépend  en  premier  lieu 
des  prix  respectifs  de  l'électricité  et  des  autres  combustibles.  L'étendue  de 
l'emploi  de  l'électricité  pour  ces  buts  dépend  de  la  disponsibilité  d'une  source 
de  puissance  électrique  produisant  cette  puissance  à  bon  marché. 

L'application  du  chauffage  électrique  aux  buts  domestiques  est  limitée  par 
les  conditions  de  climat,  par  les  prix  respectifs  de  l'électricité  et  des  com- 
bustibles et  par  le  type  de  chauffage  requis.  Dans  la  partie  occidentale 
des  États-Unis,  les  sociétés  productrices  d'électricité  ont  développé  le 
chaufifage  électrique  pour  les  maisons  dans  une  certaine  mesure.  Dans  ces 
régions  la  puissance  est  fournie  à  bon  marché  par  les  sociétés  hydroélectriques 
et  les  combustibles  se  vendent  à  un  prix  relativement  élevé.  L'emploi  du 
chauffage  électrique  cependant  ne  se  limite  pas  à  la  question  de  prix;  la 
propreté,  la  salubrité  et  la  commodité  sont  des  avantages  qui  déterminent  son 
adoption  à  un  certain  point.  Le  caractère  et  les  conditions  de  la  charge  des 
installations  productrices  d'électricité  sont  les  facteurs  principaux  à  considérer. 
Les  installations  hydroélectriques  dans  quelques  régions  où  existent  des  con- 
ditions idéales  permettent  la  production  d'électricité  bon  marché.  Dans 
d'autres  régions  où  la  consommation  principale  a  lieu  pendant  les  mois  où 
on  n'a  pas  besoin  du  chauffage  (irrigation),  l'emploi  du  chaufifage  électrique 
paraît  être  une  solution  rationnelle  du  problème. 

Le  type  d'appareil  de  chauflfage  électrique  dépend  en  premier  lieu  de  la  période 
de  disponibilité  d'électricité,  c'est-à-dire,  si  cette  puissance  est  disponible 
continuellement  ou  seulement  pendent  les  heures  de  consommation  minimum. 
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Le  système  à  accumulateurs  doit  être  employé  où  l'on  peut  obtenir  la  puissance 
seulement  pendant  les  heures  de  consommation  minimum  quotidiennes.  On 
peut  aussi  classifier  les  systèmes  de  chauffage  en  deux  catégories:  les  radia- 
teurs électriques  et  les  systèmes  à  chauffage  central.  Le  type  d'installation 
ou  le  système  à  employer  dépend  à  un  haut  degré  de  la  construction,  de 
l'espace  disponible  et  de  l'aspect  intérieur. 

Jusqu'à  présent  il  y  a  peu  de  fabricants  d'appareils  de  chauffage  pour  les 
buts  domestiques.  Il  faudra  beaucoup  de  recherches  pour  perfectionner 
le  type  d'appareil  le  plus  convenable. 
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GENERAL    REPORT  ON    SECTION   L 

UTILISATION  OF  FUELS,  INCLUDING 

ELECTRICITY  FOR  DOMESTIC 

PURPOSES 

DR.     MARGARET     FISHENDEN 

I     This  General  Report  covers  the  nine  papers  comprising  Section  L, 
namely: — 

{a)  "The  Use  of  Electricity  for  the  Production  of  Heat  in  Houses, 
Offices  and  Business  Premises  (LI).     (Austria). 
Authoritative  Body:   Austrian  National  Committee,  World 
Power  Conference.     Author:  Dr.  A.  Vehsek. 

(b)  "The  Use  of  Gas  for  Domestic  and  Industrial  Purposes  in 
Vienna"  (L2).     (Austria). 

Authoritative  Body:    Austrian  National  Committee,  World 
Power  Conference.     Author:    H.  Giintner. 

(c)  "Utilisation  of  Solid  Fuels  for  Domestic  Purposes  in  Czecho 
Slovakia"  (L3).     (Czechoslovakia). 

Authoritative  Body:    Czechoslovakian  National  Committee, 
World  Power  Conference.     Author:    E.  Dvorak. 

(d)  "Some   Considerations  regarding  the  Development  of  Gas- 
burning  AppHances"  (L4).     (Germany). 

Authoritative  Body:   Deutscher  Verein  von  Gas-  und  Wasser- 
fachmännem.     Author  :    Dr.   Ludwig. 

(e)  "A  Comparative  Study  of  Solid  Fuel,  Gas,  Electricity,  and  Oil 
for  Domestic  Purposes"  (L5).     (Great  Britain). 
Authoritative  Body:   Technical  Committee,  Fuel  Conference, 
1928.     Author:    Dr.  Margaret  Fishenden. 

(/)    "Electric  Heating  for  Domestic  Purposes  in  Japan"     (L6). 
(Japan). 

Authoritative  Body:    Power  Association  of  Japan.     Author: 
Viscount  Shimpei  Goto. 

{g)  "Fuel  for  Domestic  Purposes  and  the  Utilisation  of  Waste 
Wood  in  Sweden"  (L7).       (Sweden). 
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Authoritative  Body:    Swedish  National  Committee,  World 
Power  Conference.     Author:    Axel  Härlin. 

(Ä)  "The  Performance  of  Domestic  Electric  Cooking  Plates"  (L8). 
(Sweden).  Authoritative  Body:  Swedish  National  Committee, 
World  Power  Conference.  Authors:  O.  Stalhane  and  N.  Ekwall. 

(t)    "Domestic  Heating  by  means  of  Solid  Fuel,  Oil,  Gas  and 
Electricity"  (L9).     (U.S.A.). 
Authoritative  Body:   U.S.  Bureau  of  Mines. 

Part  I.       "House  Heating  Boiler  Efficiency." 

Author:    O.  P.  Hood,  of  the  U.S.  Bureau  of  Mines. 

Part  n.     "Domestic  Heating  by  Gas." 

Authors:  A.  G.  King,  E.  D.  Milener  and  C.  G.  Segeler, 
of  the  American  Gas  Association. 

Part  HI.    "Utilisation  of  Electricity  for  Domestic  Heating." 

Author:    H.  W.  Derry,  of  the  National  Electric  Light 
Association. 

(i)  Summary  of  Points  of  Outstanding  Interest 

At  the  present  time,  about  15  per  cent,  of  the  total  coal  mined 
throughout  the  world,  or  in  the  aggregate  some  180  million  English 
tons  annually,  is  consumed  in  its  raw  state  for  domestic  purposes. 
The  principal  object  of  Section  L  is  to  discuss  the  extent  to  which 
this  household  coal  could  be  replaced  efficiently  and  economically 
by  other  sources  of  energy,  which  must  of  necessity  themselves 
be  derived  in  the  main  from  natural  carbonaceous  deposits.  The 
most  important  of  such  are  the  products  from  the  carbonisation  or 
distillation  of  coal — particularly  coal-gas  and  gas-coke — and 
electricity  generated  from  coal.  It  is  estimated  (L5,  p.  79)  that  the 
world  consumption  in  each  of  these  industries  is  about  5  per  cent, 
of  the  total  for  all  purposes. 

Locally,  of  course,  other  possibilities  present  themselves.  In 
Sweden,  for  instance,  wood  is  the  principal  fuel,  since  the  working 
of  indigenous  peat  is  expensive  and  coal  has  to  be  imported;  conse- 
quently the  utilisation  of  wood  waste  (L7)  is  receiving  attention. 
In  other  countries  water  power  can  be  exploited  successfully.  Thus 
in  Japan  (L6)  3,580,000  H.P.  water  power,  or  about  25  per  cent,  of 
the  total  the  rivers  are  estimated  to  be  capable  of  producing,  and 
equivalent  to  the  energy  available  annually  from  about  15,000,000 
tons  of  coal,  was  being  used  for  power  generation  at  the  end  of  1 926. 
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In  the  western  parts  of  the  U.S.  low-priced  power  from  hydro- 
electric developments  is  also  largely  employed,  especially  as  the 
cost  of  fuels  is  relatively  high  (L9,  Part  III.). 

In  up-to-date  gas  manufacture,  saleable  coke  represents  about  45 
per  cent.,  saleable  gas  25  per  cent.,  of  the  thermal  value  of  the  coal 
carbonised.  In  large  modern  stations  the  thermal  efficiency  of  the 
generation  of  electricitj'  from  coal  is  about  20  per  cent.  In  general, 
the  cost  of  manufactured  gas  on  a  thermal  basis  is  much  higher 
than  that  of  coal,  the  cost  of  electricity  much  higher  than  that  of 
gas.  On  the  other  hand,  electrical  appliances  usually  give  relatively 
high  efficiencies  in  use,  solid  fuel  appliances  relatively  low  efficiencies 
(L5). 

The  success  with  which  prepared  fuels  or  electricity  can  compete 
with  raw  coal  depends  as  much  upon  the  manner  of  their  use  as 
upon  their  inherent  characteristics.  Thus  insulation  of  the  building 
fabric  reduced  the  heat  requirements  of  a  house  by  nearly  40  per 
cent.  (L9,  Part  III.).  Again,  the  admission  of  additional  air  to  the 
fire  space  of  a  stove  burning  brown  coal  increased  the  efficiency  from 
57  per  cent,  to  73  per  cent.  (L3);  while  the  efficiency  of  heating 
water  on  an  electrical  hot-plate  was  reduced  from  63  per  cent,  to 
5  per  cent,  by  battering  the  vessel  (LI,  p.  5),  or  from  75  per  cent,  to 
47  per  cent,  by  increasing  the  distance  between  hot-plate  and  vessel 
from  0  to  0-5  mm.  (L8,  Fig.  9). 

There  is  thus  generally  considerable  uncertainty  in  deciding  upon 
the  relative  efficiencies  which  should  be  assigned  to  different  fuels, 
except  in  specified  circmnstances.  The  papers  submitted  are 
imited  in  indicating  the  difficulties  of  generalisation  in  the  domestic 
field,  where  the  requirements  not  only  vary  from  place  to  place  and 
from  family  to  family,  but,  even  considered  individually,  are  com- 
pounded of  a  number  of  diverse  and  varying  items,  particularly 
the  warming  of  dwellings,  the  production  of  hot  water  and  the 
cooking  of  food.  Hence  developments  may  be  expected  to  proceed 
along  very  different  lines  in  different  countries  or  in  different 
districts. 

For  instance,  although  preferential  tariffs  for  storage  heating 
during  off-peak  periods  are  being  offered  by  many  electricity  under- 
takings, the  circumstances  in  certain  districts  in  the  United  States, 
where  the  principal  load  (irrigation)  occurs  during  the  hot  months, 
allow  of  cheap  rates  even  for  direct  heating  (L9,  Part  III.). 
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Many  gas  companies  are  also  offering  preferential  rates  for  house 
heating  and  in  the  United  States  central  house  heating  by  gas  is 
stated  (L9,  Part  II.)  to  promise  the  largest  future  domestic  market, 
being  specially  attractive  in  localities  where  the  heating  season 
is  extended,  but  the  extreme  temperatures  reached  are  not 
very  low.  On  the  other  hand,  the  effect  of  the  general  adoption  of 
gas  heating  in  a  district  would  be  to  increase  capital  costs,  since  the 
demand  on  very  cold  days  would  be  so  much  above  the  average. 
For  this  reason  the  Vienna  gas  undertaking  avoids  pushing  the 
use  of  gas  for  the  heating  of  buildings,  but  encourages  it  for  cooking 
and  hot  water  production;  for  heating  purposes,  coke  is  being 
successfully  exploited  (L2,  p.  31). 

the  domestic  field,  certain  broad  general 

at.     The  following  are  the  mean  esti- 

for  various  types  of  heating  appliances 

Efficiency. 

per  cent,  (to  water  or  steam). 


In  spite  of  the  diversity  of 

conclusions  can  be 

arrived 

mated  working  efficiencies 

(L5,  p.  117). 

Central  Heating. 

Coal 

...     50 

Coke 

...     50 

Oil 

...     60 

Gas 

...     75 

Electricity 

...     95 

Stoves  with  Flues. 

Coal 

...     50 

Coke 

...     55 

Anthracite 

...     60 

Gas 

...     75 

Flueless  Stoves. 

Oil 

...   100 

Gas 

...   100 

Electricity 

...   100 

Open  Fires. 

Coal 

...     20 

Coke 

...     25 

Gas 

...     45 

Electricity 

...     75 

per  cent.  (Radiation  and  Convection). 


per  cent.  (Radiation  and  Convection). 


per  cent.  Radiation. 


Tests  of  oil  burners  made  by  the  U.S.  Department  of  Agriculture, 
together  with  comparable  tests  from  other  sources,  numbering  328 
in  all,  show  that  in  general  the  efficiencies  occupy  no  higher  position 
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than  the  58  per  cent,  given  by  coal  fired  installations  (L9,  Part  I.). 
It  is,  however,  usually  considered  that  in  practice  oü-fired  central- 
heating  boilers  are  run  at  about  60  per  cent,  thermal  efficiency  as 
compared  with  50  per  cent,  for  solid  fuel  (see  L5,  p.  94). 

11  An  interesting  series  of  experiments  carried  out  last  winter  in 
Vienna  (LI,  p.  21)  showed  that  for  room  heating  39  kWh.  per  cubic 
metre  was  required  dining  the  heating  season  in  an  electric  hot- 
water  storage  system,  30-5  kWh.  in  an  electric  storage  heater,  and 
25  kWh.  in  a  direct  electric  heater,  in  comparison  with  8-9  cubic 
metres  of  gas.  This  would  mean  that  with  electricity  at  Id.  a  unit 
electric  heating  would  cost  respectively  2-5,  1-9  or  1-6  times  as 
much  as  500  B.Th.U.  gas  at  lOd.  a  therm.  Elsewhere  (L5)  it  is  esti- 
mated that  at  these  prices  direct  electric  heating  costs  1  -3  to  1  -7 

^  times  as  much  as  gas  fires;  electric  stoves  2-8  times  as  much  as 
flueless  gas  stoves  or  2-2  times  as  much  as  gas  stoves  under  flues, 
figures  in  reasonable  agreement  with  the  Austrian  ones. 

12  For  the  continuous  warming  of  rooms,  however,  whether  by  central 
installations  or  by  individual  stoves  or  fires,  or  for  the  heating  of 
water,  because  its  initial  cost  on  a  thermal  basis  is  relatively  so  low, 
solid  fuel  is  usually  much  cheaper  than  gas,  gas  much  cheaper  than 
electricity.  For  intermittent  heating,  on  the  other  hand,  the 
position  of  solid  fuel  may  be  reversed  ;  and  even  in  centralised 
systems  the  flexibility  and  automatic  control  possible  with  gas  or 
electricity  tend  to  reduce  the  discrepancies  in  running  costs. 

13  For  cooking  purposes  gas  or  electricity  at  normal  prices  costs  little 
or  no  more  in  up-to-date  appliances  than  solid  fuel  (L5);  and  gas  is 
very  largely  used  for  cooking  in  modern  urban  districts  (L9,  Part  II.). 

14  It  does  not  follow  that  the  fuel  which  costs  the  consumer  least  for 
any  purpose  will  entail  a  minimum  initial  coal  consumption.  As  has 
already  been  stated,  the  thermal  efficiency  of  the  production  of  gas 
from  coal  is  50  per  cent.,  that  of  the  generation  of  electricity  at  the 
best  20  per  cent.  On  this  basis  provided  that  gas  appliances  are  not 
less  than  twice,  electrical  appliances  not  less  than  five  times,  as 
efficient  as  their  coal-fired  counterparts,  no  waste  of  a  country's  coal 
reserves  would  be  involved  through  their  adoption.  It  will  be  seen 
from  the  table  above  that  for  equal  heat  production  gas  in  open 
fires  can  comply  with  this  condition;  for  intermittent  use  its  position 
is  better  still.  When  used  in  stoves  or  central  systems,  although 
the  efficiency  is  only  about  1|  times  that  of  solid  fuel,  the  lessened 
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output  allowed  by  greater  flexibility  and  superior  control  may  still 
prevent  any  increase  in  effective  coal  consumption  as  compared 
with  the  direct  use  of  raw  coal. 

Where  solid  fuel  must  for  reasons  of  economy  be  retained,  consider- 
able attention  is  being  paid  to  obtaining  more  complete  combustion 
with  reduced  smoke  emission  and  increased  thermal  efficiency,  or 
to  the  possibility  of  the  substitution  of  coke  for  raw  coal.  It  may 
be  seen  from  paper  L3,  Table  A,  that  the  thermal  loss  in  combustible 
flue  gases  from  a  stove  burning  brown  coal  varied  from  2  per  cent. 
to  41  per  cent.,  according  to  the  conditions.  Similarly  Sinnatt  has 
shown  that  the  total  loss  due  to  incomplete  combustion  in  open 
fires  may  exceed  20  per  cent,  (see  L5,  p.  87).  Clearly,  no  heating 
apphance  can  have  an  efficiency  of  over  100  per  cent.;  hence  the 
nearer  solid  fuel  apparatus  can  be  made  to  approach  this  maximum 
for  any  given  service,  the  more  difficult  is  the  position  of  its  com- 
petitors. This  point  is  illustrated  in  the  case  of  bulk  steam  or  hot- 
water  production,  for  which  neither  gas  nor  electricity  can  compare 
with  solid  fuels  from  the  standpoint  of  low  cost.  Coke,  however, 
in  suitably  designed  installations,  gives  efficiencies  comparable 
with  those  obtainable  from  coal  or  anthracite  (L5  and  L9,  Part  L). 


(ii)  Indication  of  Trend  of  Development 

Perhaps  the  most  outstanding  development  in  the  field  of  domestic 
fuel  utilisation  is  the  ever-growing  reahsation  in  all  countries  of  the 
necessity  for  substituting  methods  based  upon  sound  scientific 
principles  for  the  wasteful  appUances  still  in  many  cases  existent, 
alike  in  the  interests  of  fuel  conservation,  economy  to  the  consumer 
and  smoke  prevention. 

The  main  trend  of  progress  is  in  the  direction  of  subjecting  an 
increasing  proportion  of  raw  coal  to  some  preHminary  process, 
whereby  either  it  may  be  rendered  smokeless  or  the  by-products 
may  be  recovered,  or  both  {i.e.,  carbonisation  and  electricity  genera- 
tion). The  possibilities  of  utihsing  increased  water-power  are  also 
being  explored. 

Methods  of  charging  are  engaging  widespread  attention  in  the 
electrical  industry  and  efforts  are  being  made,  by  the  introduction 
of  preferential  rates  for  storage  heating  during  specified  hours,  to 
increase  output  in  such  a  way  as  to  improve  load-factors. 

235 


UTILISATION:  DOMESTIC  PURPOSES 

19  Higher  efficiencies  are  being  sought  in  sohd  fuel  installations  and 
there  is  a  tendency  to  replace  raw  coal  by  coke;  while,  locally, 
attempts  are  being  made  to  utihse  various  low  grade  fuels. 

20  Summarising: — 

(1)  Heating. 

(a)  Central  heating  is  becoming  more  general.  Most  often 
solid  fuel  is  used  but  oil,  gas  or  even  electricity  is  being 
increasingly  adopted. 

(b)  Gas  fires,  and  to  a  lesser  extent  electric  heaters,  are  replacing 
open  coal  fires  or  stoves  for  intermittent  heating  and  are  also 
being  used  extensively  in  conjunction  with  central  heating. 

(c)  Improved  designs  of  solid  fuel  appliances  are  being  intro- 
duced, and  coke  is  being  substituted  for  raw  coal. 

(2)  Cooking. 

(a)  The  use  of  gas,  and  to  a  lesser  degree  of  electricity,  is  rapidly 
increasing,  especially  in  towns,  and  promises  practically  to 
supplant  the  soHd  fuel  range. 

(3)  Water  Heating. 

{a)  Gas  is  being  increasingly  used  for  water  heating,  especially 
where  either  the  demand  is  intermittent  or  automatic 
action  is  of  importance. 

(b)  Independent  coke-fired  boilers  for  hot  water  supply  are 
being  largely  used  in  conjunction  with  gas  for  cooking. 

(c)  Electrical  water  heating  is  being  pushed,  the  necessary 
ciurent  sometimes  being  taken  at  reduced  rates  during 
off-peak  hours. 
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MONDAY,    OCTOBER    1 

Section  L 

UTILISATION  OF  FUELS,  INCLUDING  ELECTRICITY,  FOR 
DOMESTIC  PURPOSES 

Chairman:    Dr.  C.  H,  Lander,  C.B.E. 

The  Chairman,  opening  the  meeting,  said  that  the  subject  for 
discussion  was  of  the  greatest  importance  not  only  to  Great  Britain 
but  to  all  countries.  In  general,  it  could  be  said  that  the  domestic 
heating  problem  of  such  countries  as  ours,  with  a  comparatively 
mild  climate  not  subject  to  very  wide  variations,  and  where  the 
domestic  consumer  had  strongly  ingrained  habits,  was  in  some  ways 
more  difficult  than  the  corresponding  problem  in  other  countries 
of  the  world.  Great  Britain  was  probably  unique  in  being  so  heavy 
a  consumer  of  coal  in  the  raw  state.  So  far  as  could  be  gathered  from 
such  statistics  as  were  available  something  like  40  million  tons  of 
coal,  or  over  one-fifth  of  the  total  home  consumption,  was  burned 
in  household  grates.  It  has  been  shown  that  smoke  pollution,  which 
was  so  great  a  curse  in  this  country,  was  in  the  main  due  to  the 
domestic  chimney,  and  it  was  very  necessary  that  we  should  put 
our  house  in  order  and  do  all  possible  to  overcome  that  nuisance.  As 
to  whether  improvement  would  best  be  effected  by  the  greater 
use  of  electricity  and  gas  or  by  some  other  form  of  smokeless  fuel, 
it  was  hoped  the  Conference  would  be  able  to  give  some  information. 

Dr.  Margaret  Fishenden  presented  her  General  Report. 

Dr.  Margaret  Fishenden  (Vice-Chairman,  Great  Britain),  then 
opened  the  discussion,  and  reviewed  the  position  so  far  as  this 
country  was  concerned.  For  the  past  ten  years  the  domestic  coal 
consumption  in  Great  Britain,  apart  from  any  allowance  for  gas, 
coke,  wood,  oil  or  electricity,  had  amounted  to  40  million  tons 
annually,  equal  to  the  highest  point  reached  before  the  war,  and 
equivalent  to  over  20  per  cent,  of  the  total  home  consumption.  To 
dismiss  lightly  a  consumption  of  this  magnitude  by  suggesting  an 
immediate  or  sudden  abolition  of  established  appliances  such  as  open 
grates  and  kitchen  ranges  was  obviously  precipitate.  The  burning  of 
raw  coal  at  low  efficiencies  was  admittedly  unscientific,  troublesome 
and  dirty;  but  it  was  also  often  cheap  and  in  any  case  the  process 
of  substitution  was  bound  to  be  gradual.  If,  for  instance,  household 
coal  were  to  be  completely  replaced  by  coke  and  gas,  the  capacity 
of  the  gas  industry  would  have  to  be  nearly  trebled,  even  on  the 
assumption  that  coke  could  be  used  on  the  average  with  the  same 
efficiency  as  coal,  gas  with  four  times  the  efficiency  of  coal,  and  that 
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householders  would  take  the  whole  of  these  products  from  the 
gasworks.  Developments  of  this  order  of  magnitude  must  necessarily 
take  time. 

That  section  had  met  to  consider  the  most  promising  lines  of 
progress.  The  responsibility  of  pointing  out  the  easiest  paths  rested 
mainly  upon  the  fuel  technologists.  Unfortunately  these  paths  were 
often  not  clearly  indicated,  even  to  the  trained  eye  of  the  expert. 
The  householder  was  in  a  still  more  diihcult  position.  He  was  at  the 
mercy  of  the  builder;  or  if  he  felt  inclined  to  stand  the  cost  of 
installing  new  equipment,  was  in  the  hands  of  interested  parties. 
Domestic  heat  requirements  varied  and  the  choice  of  methods  was 
very  wide.  We  were  faced  not  only  with  a  diversity  of  fuels  but  also 
with  almost  endless  different  possible  ways  of  utihsing  them,  and 
we  must  take  into  consideration  not  only  the  fuels  already  available 
but  also  the  products  of  possible  new  processes.  Again,  what  basis 
should  we  adopt  for  our  comparisons?  For  fuel  A,  although  intrinsi- 
cally more  suitable  for  some  job  than  fuel  B,  might  yet  compare 
unfavourably  with  it  if  used  in  inefficient  appliances.  Perhaps  the 
usual  method  of  comparing  best  with  best  was  reasonable.  At  any 
rate,  thanks  to  experiments  carried  out  by  various  bodies  in  this  and 
other  countries,  we  knew  fairly  well  the  working  efficiencies  of  most 
types  of  domestic  heat  producing  appliances.  Perhaps  the  greatest 
difficulty  in  applying  the  results  was  the  lack  of  knowledge  as  to  the 
exact  requirements  of  different  types  of  households;  for  an  installa- 
tion which  would  prove  cheap  and  convenient  for  one  might  be 
entirely  unsuitable  for  another.  A  census  of  requirements  in 
famiUes  of  different  class,  which  would,  of  course,  have  to  be  deduced 
from  a  census  of  fuel  consumption  for  different  purposes,  would  be 
very  useful.  Everybody  knew  that  gas  and  electrical  appliances  were 
in  general  far  more  efficient  than  coal-fired  apparatus;  for  cooking 
or  intermittent  heating  purposes  they  might  also  be  just  as  cheap. 
But  this  unfortunately  would  not  be  true  if  they  were  used  for  all 
purposes,  to  the  complete  exclusion  of  solid  fuel.  Further,  far  more 
attention  had  been  devoted  towards  obtaining  high  efficiencies  with 
gas  and  electricity  than  had  ever  come  the  way  of  coal-fired  domestic 
plant.  And  there  was  no  doubt  that  much  higher  efficiencies  could 
be  obtained  from  solid  fuel  installations  if  as  much  care  were  given 
to  design,  insulation,  etc.,  as  in  their  gas  or  electric  counter  parts. 
Gas  was  far  cleaner  and  more  convenient  than  solid  fuel.  Elec- 
tricity, apart  from  its  high  cost  both  to  the  consumer  and  in 
initial  coal  consumption,  might  be  regarded  as  almost  ideal.  But 
nevertheless  for  economic  reasons  the  day  of  solid  fuel  in  the 
household  was  far  from  over.  Everybody  deplored  the  waste  and 
dirt  associated  with  the  use  of  raw  coal,  and  the  tide  of  feeling  against 
the  smoke  nuisance  had  lately  run  very  high.  But  coke  of  suitable 
properties  was  in  most  cases  a  satisfactory  substitute.  The  prospects 
of  the  commercial  production  of  low  temperature  cokes  would  be 
discussed  at  a  special  session.  The  gas  industry  was  also  seeking  to 
find  increased  outlets  for  its  coke  in  the  domestic  market.  There  was 
probably  room  for  different  processes  to  develop  side  by  side;   there 
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certainly  seemed  to  be  scope  for  considerable  extension  of  some 
carbonisation  process  to  meet  domestic  requirements.  However 
this  might  be,  the  most  immediate  prospects  for  domestic  smoke 
abatement  appeared  to  lie  in  a  properly  co-ordinated  use  of  coke, 
gas  and  electricity.  But,  in  the  meantime,  the  conditions  under  which 
raw  coal  was  burned  should  not  be  neglected.  Every  effort  should  be 
made  to  use  it  efficiently,  economically  and  inoffensively,  and  it 
could  only  be  hoped  that  the  deliberations  of  this  Section  would  lead 
a  step  nearer  to  that  goal. 

Mr.  T.  Carter  (Great  Britain),  who  stated  that  he  represented  Mr. 
H.  W.  Clothier,  of  Messrs.  A.  Reyrolle  &  Co.  Ltd.,  said  that  in  the 
consideration  of  the  use  of  electricity  in  houses,  the  question  of  the 
avoidance  of  risk  of  shocks  from  domestic  electrical  apparatus  was 
one  demanding  very  close  attention  to-day.    In  British  factories, 
freedom  from  danger  was  already  secured  by  the  complete  enclosure 
of  all  live  conductors  within  metal  casings,  which  must  themselves 
be  effectively  earthed.     Such  earthing  was  obtained   on  portable 
apparatus  by  using  three-core  flexible  cables,  in  which  the  third  core 
was  an  earthing  conductor;    and  a  sound  method  of  connecting  the 
earthing  conductor  to  the  plug  was  adopted.     An  example  of  this 
system  was  described  in  British  Standard  Specification  No.  196-1927, 
which   was    for    protected-type    two-pin    plugs    and    sockets   with 
earthing-connections.    The  earthing  of  the  framework  of  portable 
apparatus  was  compulsory  in  British  factories,  in  accordance  with 
the  electricity  regulations  made  under  the  Factory  and  Workshops 
Acts,  and  this  was  doubtless  responsible  for  the  scarcity  of  electrical 
shock  accidents  in  factories.   There  was,  however,  no  corresponding 
authoritative  rule  to  be  observed  when  electricity  was  used  in  the 
home  for  cooking,    heating  and  other  domestic  purposes;  and  yet 
there  were  many  places  in  a  house  where  the  risks  were  precisely  the 
same  as  in  a  factory,  because  of  the  presence  of  earthed  metal,  such 
as   water-pipes,    baths,    wash-hand-basin    taps,    parts    of   wireless 
receiving  apparatus,  disused  gas-piping  and  brackets  and  the  like. 
It  was  necessary  to  have  an  assurance  of  continuous  earthing,  and 
this  was  not   readily  secured  or  economically  maintained  in   an 
ordinary  two-wire  system.    Nor  was  it  easy  to  change  over  to  the 
special  two-wire  system  in  which  one  conductor  was  permanently 
earthed  on  the  premises,  so  that  an  immediate  indication  was  given 
by  the  absence  of  light  or  power,  of  any  break  in  the  earth-circuit. 
What,  then,  were  the  alternatives?    It  was  true  that  fatal  accidents 
from  electric  shock  were  not  frequent  in  houses,  but  when  they  did 
occur  the  loss  of  life  was  lamentable  beyond  words,   and  there 
happened  to  have  been  a  few  cases  lately,  serious  enough  to  warrant 
the  attention  of  everyone  concerned  with  the  design  and  installation 
of  electrical  apparatus.  A  change  in  present  practice,  indeed,  seemed 
to  be  imminent;   and  this  might  take  one  of  two  main  courses.   The 
first  would  be  to  insulate  the  framework  of  all  apparatus  completely, 
and  the  second  would  be  to  earth  all  exposed  metal  completely. 
It  was  to  be  hoped  that  the  discussion  at  the  Conference  would 
give  the  results  of  experience  in  other  countries,  and  might  afford 
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a  useful  lead  for  future  practice  in  Great  Britain.  To  adopt  the 
first  suggested  alternative,  and  to  secure,  by  complete  insulation, 
the  absence  of  exposed  metal  likely  to  make  accidental  contact 
with  a  defective  live  conductor,  would  involve  an  entire  upheaval 
in  the  design  of  the  bulk  of  existing  apparatus,  and  could  not 
be  satisfactorily  accomplished  without  an  enormous  amount  of 
research  into  the  matter  of  suitable  qualities  of  fireproof  insulating 
materials.  On  the  other  hand,  the  complete  and  effective  earthing 
of  all  exposed  metal  required  an  intensive  campaign  to  educate  the 
great  army  of  workmen,  so  that  they  would  thoroughly  understand 
the  meaning  of  earthing  and  the  serious  consequences  likely  to 
arise  from  bad  or  defective  workmanship.  It  would  be  an  advantage 
in  an  all-earthed  system  of  the  kind  just  indicated  to  provide  an 
automatic  announcement  of  a  break  in  the  earth  circuit  by  some 
such  method  as  the  combination  of  the  earth  conductor  with  the 
house  bell  system,  so  that  the  bells  would  not  ring  unless  the  earthing 
system  was  intact. 

A  final  point,  particularly  concerning  domestic  electrical  work,  to 
which  it  was  important  that  attention  should  be  drawn,  was  the 
simplification  in  circuit-breaking  devices  capable  of  being  introduced, 
in  A.C.  circuits,  as  distinct  from  D.C.,  if  advantage  was  taken  of  the 
fact  that  a  slow,  short  break  was  better  than  a  quick  break  for 
alternating  current,  and  allowed  it  to  break  with  a  negligible  amount 
of  arcing  as  it  passed  through  zero.  A  slow  break  of  l/64th  inch  was 
entirely  adequate  for  15  ampères  of  A.C.  at  250  volts,  and  hence  a 
protected-type  plug  of  the  British  Standard  pattern  already 
referred  to  was  better  for  opening  such  a  circuit  than  an  ordinary 
quick-break  switch,  because  it  utilised  the  characteristic  of  the 
circuit  in  respect  of  slow  breaking  to  better  advantage. 

Mr.  Edy  Velander  (Sweden)  discussed  certain  developments  that 
had  been  taking  place  in  Sweden  in  regard  to  domestic  electrical 
supplies,  and  particularly  in  relation  to  electric  cooking.  Since  the 
Swedish  paper  on  electric  hotplates  (L8)  had  been  written,  the  work 
mentioned  there  had  been  continued.  It  had  been  found,  he  said, 
that  the  closed  type  of  hot  plate  gave  a  better  efficiency  than  the 
open  type.  With  ordinary  commercial  hot-plates  of  closed  type, 
according  to  the  paper,  an  efficiency,  i.e.,  a  ratio  of  the  heat  taken 
up  into  the  water  to  the  electrical  energy  supplied  of  from  48  to  52 
per  cent,  could  be  obtained.  By  following  the  suggestions  given 
at  the  end  of  the  paper,  i.e.,  by  planing  the  surfaces  of  plate  and 
vessel  more  perfectly  and  cutting  away  any  unnecessary  iron  in  the 
plate,  this  efficiency  had  been  increased  to  63  per  cent.  This  could 
be  done  without  appreciably  increasing  the  price. 

Discussing  the  relative  advantages  of  direct-acting  cooking  appara- 
tus and  heat-accumulating  apparatus,  the  speaker  said  that  for 
some  time  there  had  been  a  difference  of  opinion  in  Sweden  as  to 
which  was  the  better  type  of  apparatus  to  use,  both  having  their 
advocates.  During  the  last  few  years,  however,  development  in 
Sweden  had  rather  been  in  the  direction  of  a  combination  of  both, 
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i.e.,  direct-acting  apparatus  supplemented  by  water  storage  heaters 
and  other  heat  accumulation  apparatus. 

This  development  had  led  to  the  adoption  in  some  places  of  tariffs 
suitable  for  both  direct-acting  and  heat  storing  apparatus.  As  an 
instance,  the  speaker  mentioned  a  new  tariff  based  upon  a  sub- 
traction meter,  which  he  did  not  think  was  much  in  use  in  any 
other  country  than  Sweden.  This  meter  automatically  made  a 
difference  between  energy  taken  out  when  the  load  exceeded  an 
adjustable  power  hmit  (mainly  for  lighting)  and  the  energy  taken 
below  this  power  hmit  (mainly  for  heat  accumulating  apparatus). 
Yet  another  tariff  was  being  tried  out:  a  combination  of  the  sub- 
traction meter  method  and  the  ordinary  household  tariff  with  an 
annual  charge  per  room  or  per  sq.  ft.  floor  space. 

Mr.  Stephen  Lacey  (Great  Britain)  remarked  that  the  representa- 
tives of  the  various  fuel  supply  industries  welcomed  the  opportunity 
afforded  by  the  Conference  to  re-examine  the  economic  foundations 
of  the  business,  to  measure  relative  progress  and  to  satisfy  themselves 
that  the  competition  that  stimulated  their  every-day  efforts  led  to 
the  best  possible  use  of  the  fuel  resources  of  this  country.  The 
papers  presented  that  morning,  he  said,  were  all  of  great  interest, 
but  the  one  written  in  a  form  peculiarly  suited  to  the  Conference 
was  that  of  Dr.  Margaret  Fishenden  on  "A  Comparative  Study  of 
SoHd  Fuel,  Gas,  Electricity  and  Oil  for  Domestic  Purposes"  (L5). 
Dr.  Fishenden  gave  chapter  and  verse  for  all  her  comparisons  and 
conclusions,  and  though  some  might  wish  to  challenge  one  thing, 
and  some  another,  no  one  could  refute  the  broad  conclusions 
arrived  at. 

In  the  first  place,  he  wished  to  correct  an  impression  given  by  a 
quotation  from  Sir  Dugald  Clerk  on  p.  11 1  of  Dr.  Fishenden's  paper. 
Dr.  Fishenden  said  that  in  1919  Sir  Dugald  Clerk  gave  as  the 
probable  division  of  coal  gas  in  the  United  Kingdom:  "Heat  55  per 
cent.,  light  35  per  cent.,  motive  power  10  per  cent."  These  figures 
were  far  from  true  to-day,  whatever  may  have  been  the  facts  in 
1919.  He  could  not  give  figures  for  the  whole  country,  but  for  the 
Gas  Light  and  Coke  Co.,  the  estimate  was:  heat  86  per  cent,  (in- 
cluding 10  per  cent,  industrial  heating),  lighting  12  per  cent., 
motive  power  2  per  cent.  Dr.  Fishenden  had  made  it  clear  that  there 
were  two  distinct  tests  that  should  be  apphed  when  comparing  the 
relative  merits  of  coal  and  fuels  derived  from  coal  in  regard  to 
various  uses.  There  was,  on  the  one  hand,  the  criterion  of  cost  to 
the  user  and,  on  the  other,  the  criterion  of  the  coal  consumption 
entailed  in  the  production  of  the  fuel.  On  p.  103  of  her  paper 
Dr.  Fishenden  wrote:  "It  does  not,  of  course,  follow  that  the  fuel 
which  costs  the  consumer  least  for  any  purpose  will  be  the  one 
entailing  the  minimum  coal  consumption."  That  was  clearly  true, 
and  it  was,  therefore,  fortunate  that  coke  and  gas,  which  were 
derived  from  the  same  manufacturing  process  and  might  be 
considered  as  complementary,  must  be  awarded  first  place  in  the 
realm  of  heating,  whichever  of  the  two  criteria  was  adopted. 
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The  fundamental  facts  that  were  brought  out  in  the  paper  ought 
by  now  to  be  familiar  to  all  educated  people  interested  in  fuel 
questions;  but  they  were  certainly  not.  For  example,  the  speaker 
referred  to  the  relative  thermal  efficiencies  of  the  production  of  gas 
and  electricity.  This  comparison  showed  the  great  handicap  with 
which  electricity  started  when  competing  in  the  field  of  domestic, 
or  indeed  in  any  other  form  of  heating.  If  it  were  not  for  the  high 
efficiency  of  utilisation  of  electricity,  its  proper  use  for  heating 
(where  it  was  derived  from  coal)  would  be  restricted  to  a  field  even 
more  limited  than  at  present.  It  was  in  the  direction  of  a  more 
efficient  utilisation  that  Dr.  Fishenden's  paper  should  stimulate  the 
"gas  industry  to  further  endeavour.  Scientific  method  devoted  to 
increasing  the  efficiency  of  utilisation  of  gas  had  made  great  progress 
lately,  but  much  more  remained  to  be  done,  and  would  be  done. 

Finally,  Mr.  Lacey  said  that  the  suppliers  of  electricity  in  this 
country  were  naturally  reluctant  to  accept  the  position  that  domestic 
heating  was,  generally  speaking,  outside  their  economic  province — 
particularly  when  the  public  had  been  led  to  believe  that  the 
production  of  electricity  was  somehow  exempt  from  the  natural 
laws  that  governed  the  transformation  of  energy.  The  result  was 
that  in  some  cases  electricity  was  sold  for  domestic  heating  at 
abnormally  low  rates.  The  starthng  differences  in  charges  for 
lighting  and  heating  were  generally  accounted  for  by  the  im- 
provement in  load  factor  alleged  to  result  from  the  addition  of  a 
heating  load  to  an  existing  light  and  power  load.  How  that  could 
be  reconciled  with  the  fact  that  the  heating  load  overlapped  the 
winter  lighting  load  he  had  never  been  able  to  understand.  It  did 
seem  to  him  that  differential  charges  of  this  kind  should  be  made 
with  due  regard  to  coal  conservation  and  fairness  to  consumers 
using  electricity  for  lighting  and  power. 

Dr.  G.  Egloff  (U.S.A.)  remarked  that  having  read  the  papers 
with  considerable  interest  he  felt  that  one  section  of  the  problem 
had  not  been  sufficiently  emphasised  in  view  of  recent  developments 
in  the  United  States,  viz.,  the  use  of  oil  for  domestic  heating  purposes. 
So  rapid  had  been  this  development  that  an  Oil  Institute  had  been 
estabUshed,  sponsored  and  assisted  bv  the  American  petroleum 
interests,  z^pproximately  20  million  dwellings  existed  in  the 
United  States  to-day  and  of  these  800,000  were  heated  by  oil,  using 
45  million  barrels  of  oil  which  it  was  estimated  saved  10  million 
tons  of  coal  annually.  Taking  into  account  public  buildings,  there 
were  over  1,100,000  premises  heated  by  oil  in  the  United  States 
using  70  miUion  barrels  of  oil  annually  in  substitution  for  1 5  million 
ton  of  coal.  As  far  as  he  could  ascertain,  the  development  of  oil 
for  heating  dwellings  and  buildings  on  the  Continent  was  zero,  but 
with  the  appearance  of  a  household  burner  giving  great  efficiency 
he  foresaw  the  keenest  competition  on  the  part  of  oil  with  coal.  He 
believed  it  was  safe  to  say  that  the  death  knell  of  dwelling-house 
heating  by  coal  had  been  sounded,  and  having  regard  to  the  greater 
cleanliness  and  absence  of  soot,  etc.,  from  the  use  of  oil  he  did 
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not   think  it  would  be  many  years  before   all  domestic  heating 
would  be  carried  out  either  by  oil,  gas  or  electricity. 

Mr.  J.  W.  Meares  (Indian  Empire)  said  that  the  papers  before 
this  Section  dealt  very  largely  with  what  was  called  domestic  science. 
As  householders  as  well  as  technical  men  they  all  knew  they  had  the 
very  minimum  of  fuel  economy  in  their  homes,  owing  to  the  complete 
lack  of  knowledge  of  everything  to  do  with  combustion  on  the  part 
of  those  who  had  to  deal  with  affairs  in  the  kitchen.  There  was  no 
such  thing  as  economy  in  the  average  kitchen.  The  gas  was  left 
running  to  waste,  and  the  average  domestic  servant  had  not  the 
slightest  idea  how  a  damper  functioned  or  the  relation  of  air  inlet 
to  draught  and  so  on,  with  the  result  that  a  vast  amount  of  fuel 
was  wasted  and  went  in  polluting  the  atmosphere. 

The  gas  industry  had  a  great  pull  over  the  electrical  industry 
in  its  methods  of  storage.  The  electrical  industry  suffered  from 
the  fact  that  electrical  energy  could  not  be  stored,  and  it  had  to 
be  generated  as  it  was  wanted.  From  this  point  of  view  he  and 
others  had  been  hammering  away  for  a  long  time  at  domestic 
water  heating  electrically,  as  a  means  of  increasing  load  factors 
and  filling  up  the  hollows  in  the  curves.  This  was  a  matter 
of  overlapping,  and  involved  some  method  of  automatic  switch- 
ing so  that  the  water  heating  apparatus  could  be  switched  off 
at  the  time  of  peak  load.  What  was  required,  therefore,  was  a 
time  switch,  but  for  some  reason  rather  hard  to  understand, 
it  seemed  impossible  for  manufacturers  to  turn  out  a  time  switch 
at  a  price  which  was  within  the  means  of  the  ordinary  householder. 
Consumers  would  not  pay  several  pounds  for  an  apparatus  which 
was  not  going  to  benefit  them  appreciably  but  was  going  to  benefit 
the  supply  authority.  In  Simla,  India,  water  heating  was  carried  on 
by  means  of  hydro-electric  power,  and  there  were  arrangements  by 
which  the  power  was  cut  oÛ  at  peak  load,  so  that  there  was  a  load 
factor  which  would  make  the  average  supply  station  engineer  in 
this  country  very  jealous.  It  was  55  to  60  per  cent.  It  was  a  small 
point,  but  a  rather  important  one,  and  it  was  rather  ridiculous 
that  high  prices  should  have  to  be  paid  for  time  switches.  As  an 
instance  of  what  could  be  done,  he  mentioned  a  case  in  which  a  man 
who  wished  to  feed  his  chickens  at  a  certain  hour  in  the  morning, 
but  did  not  like  getting  up  so  early,  used  an  ordinary  3s.  6d.  alarum 
clock  with  a  cord  wound  round  the  spindle  in  such  a  way  that  at 
5  o'clock,  when  the  alarum  went  off,  a  trip  was  pulled  and  let  the 
chicken  food  on  to  the  floor.  It  seemed  to  him  that  a  similarly 
simple  apparatus  could  be  used  for  switching  the  water  heater  off. 
In  other  words,  a  very  simple  and  cheap  time  switch  was  required, 
because  water  heating  was  an  important  factor  in  levelling  up  the 
load  curves,  and  he  believed  that  a  great  deal  would  be  done  in  that 
direction  in  the  future. 

Mr.  J.  G.  Clark  (Great  Britain)  said  he  thought  the  reference  in 
Dr.  Margaret  Fishenden's  paper  to  flueless  gas  heaters  required 
some  revision.   This  was  a  subject  which  had  been  receiving  a  great 
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deal  of  attention  recently,  and  he  did  not  know  whether  Dr.  Fishen- 
den,  in  making  the  statement  in  question,  had  taken  that  into 
account.  It  was  safe  to  say  now  that  the  combustion  of  the  most 
recent  gas  stoves  was  as  perfect  as  scientific  knowledge  would 
permit.  It  was  true  that  they  did  not  ventilate  a  room  like  the 
ordinary  gas  fire,  but  in  that  respect  they  were  like  the  electric  fire; 
ventilation  had  to  be  provided  in  some  other  way.  Reference  was 
also  made  by  Dr.  Fishenden  to  the  efficiency  of  gas  ovens,  but  Dr. 
Fishenden  knew  as  well  as  he  himself  did  how  difficult  it  was  to 
assess  the  efficiency  of  a  gas  oven  in  the  same  way,  for  instance, 
as  one  could  assess  the  efficiency  of  a  boiler;  and  personally  he  had 
not  yet  discovered  a  method  which  would  permit  of  a  true  expression 
of  oven  efficiencies  in  terms  of  an  actual  percentage.  We  had  to  be 
content  to  express  the  efficiencies  in  terms  of  B.Th.U.  consumption 
for  a  given  job,  and  it  would  be  a  very  good  piece  of  work  for  some- 
body to  investigate  the  actual  conditions  under  which  the  efficiencies 
of  gas  ovens  should  be  assessed.  He  was  not  sure  whether  Dr. 
Fishenden's  figures  took  account  of  the  most  recent  gas  cookers. 
From  the  paper  it  appeared  that,  considered  on  a  thermal  basis,  the 
electric  oven  was  thermally  twice  as  efficient  as  the  gas  oven,  but 
he  did  not  think  that  was  quite  the  case.  Gas  was  in  a  better 
position  now,  and  he  would  rather  put  the  thermal  efficiency  of  the 
electric  oven  at  one-and-a-half  times  that  of  the  gas  oven.  The  gas 
industry,  however,  was  not  satisfied  with  the  present  efficiencies, 
and  one  of  the  pieces  of  work  on  the  programme  of  the  Gas  Light 
and  Coke  Co.  was  to  make  some  heat  balances  of  gas  cooking  applian- 
ces to  ascertain  where  future  successful  development  was  possible. 
In  regard  to  the  relative  uses  of  electricity  and  gas:  he  was  recently 
in  Canada  in  places  where  electricity  was  very  cheap,  and  had  been 
astonished  at  the  very  small  use  made  of  it  for  domestic  purposes 
other  than  lighting.  Dr.  Fishenden's  paper  contained  a  reference 
to  the  production  of  CO  from  gas  hotplates,  and  the  statement  would 
rather  give  the  impression  that  the  gas  industry  was  not  alive  to  the 
conditions  under  which  gas  should  be  burned  in  hotplates.  The 
relation  of  the  vessel  to  the  flame  was  well  understood,  and  in  the 
most  recent  apparatus  the  CO  difficulty  referred  to  in  the  paper  was 
practically  non-existent.  The  troubles  alleged  in  the  paper  had 
been  overcome  for  several  years  now.  There  were  also  some 
references  in  the  paper  to  the  thermal  consumptions  in  the  case  of 
electricity  and  gas  cooking,  but  he  could  not  help  coming  to  the 
conclusion  that  Dr.  Fishenden  had  only  taken  the  performances  in 
the  ovens  as  a  basis  for  the  comparison.  It  happened,  however,  that 
although  electricity  might  be  used  a  little  more  efficiently  in  the 
oven  than  gas  could,  the  reverse  was  the  case  as  regards  the  vessels 
supported  on  the  top.  In  the  case  of  saucepans  and  kettles  the 
efficiency  was  very  different  from  that  of  the  oven  and  much  to  the 
advantage  of  gas.  From  the  work  done  by  the  Gas  Light  and  Coke 
Co.  he  would  put  the  efficiency  of  the  hotplate  at  about  four  times 
that  of  the  oven,  and,  therefore,  taking  the  cooker  as  a  whole  the 
figures  in  the  paper  ought,  he  thought,  to  be  modified.     On  p.  31 
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of  the  original  paper  there  appeared  to  be  a  misprint;  the  figure 
of  0-5  ought  apparently  to  be  0-2  in  the  three  figures  relating  to  coal, 
gas  and  electricity. 

The  paper  also  seemed  to  suggest  that  gas  could  not  be  economically 
applied  for  large-scale  water  heating.  It  was  described  as  heavy 
hot-water  work  and  he  was  not  quite  sure  what  was  meant  by  that. 
The  fact  remained,  however,  that  a  considerable  amount  of  work 
was  being  done  economically  by  gas,  for  instance  in  public  baths, 
where  large  quantities  of  hot  water  had  to  be  supplied,  in  several 
cases  in  London,  as  well  as  in  swimming  baths  where  the  water 
had  to  be  at  a  certain  minimum  temperature.  All  that  was  large 
scale  work.  In  cinemas,  also,  where  they  had  central  boilers,  large 
quantities  of  hot  water  were  supplied  by  means  of  gas  heating. 
One  reason  why  gas  was  used  for  this  purpose  in  cinemas  was 
because  the  heat  could  be  thermostatically  controlled  to  take 
advantage  of  the  variations  of  the  temperature  outside.  The  gas 
was  thermostatically  reduced  according  to  the  atmospheric  tempera- 
ture, and  in  that  way  the  cinemas  were  prevented  from  becoming 
overheated  and  economies  in  gas  effected. 

Mr.  O.  p.  Hood  (U.S.A.)  pointed  out  that  although  Mr.  Egloff 
had  referred  to  the  use  of  oil  in  America  for  heating  purposes,  it  was 
still  only  a  minor  item  in  domestic  heating  there.  The  majority  of 
Americans  lived  in  detached  houses  usually  built  of  wood,  and  had 
a  longer  season  of  cold  weather,  with  wider  extremes  of  temperature, 
as  compared  with  some  other  countries.  This  re-acted  upon  habits 
of  eating  and  dressing  and  playing,  and  all  this  affected  the  heating 
problem.  In  England  houses  were  very  largely  built  of  stone, 
tight  as  a  box,  and  in  order  to  ventilate  them  the  windows  must  be 
opened.  With  wooden  houses,  however,  there  was  some  ventilation 
whether  the  windows  were  open  or  not,  because  the  carpenters 
were  not  too  good  at  making  things  tight,  and  they  certainly  were 
not  so  good  artisans  as  the  carpenters  used  to  be  in  the  days  of  the 
building  of  cathedrals  when  the  beautiful  oak  woodwork  was 
employed.  In  other  words,  if  all  the  apparent  openings  in  a  wooden 
house  were  shut  up  there  would  still  be  a  change  of  air  in  the  house 
at  least  twice  an  hour,  if  not  more  often,  and  this  necessarily  re- 
acted upon  the  heating  problem.  It  was  generally  the  custom  in 
America  to  heat  a  considerable  portion  of  the  house  rather  than 
one  corner  of  a  room.  That  meant  some  form  of  central  heating, 
and  the  one  most  widely  used  in  the  cheaper  houses  was  hot  air. 
A  stove  of  some  form  was  kept  in  the  cellar  for  this  purpose.  Perhaps 
the  next  most  popular  method  was  hot  water  heating  in  the  better 
class  houses.  As  one  speaker  had  mentioned,  the  art  of  firing  was 
not  easily  acquired,  and  the  ideas  of  the  general  public  upon  com- 
bustion generally  were  very  crude,  with  the  result  that  there  was  a 
great  deal  of  waste.  That  applied  to  all  methods  of  heating,  but 
in  the  average  American  house  cost  of  heating  hitherto  had  not 
been  a  very  heavy  item.  The  use  of  anthracite  coal  was  very 
general  in  the  Eastern  States.  It  was  really  a  wonderful  fuel; 
harder  than  the  anthracite  in  England  and  nearly  a  fool-proof 
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fuel;  but  the  cost  of  it  had  risen  to  a  point  where  there  was  something 
of  a  rebellion  against  its  use,  and  it  was  not  too  much  to  say  that 
the  producers  of  anthracite  coal  were  a  little  disturbed  as  to  how 
they  were  going  to  hold  their  market.  Bituminous  coal  was  now 
being  very  largely  used  in  the  Eastern  States  instead  of  anthracite 
for  house  heating,  and  oil  was  also  being  used  to  an  increasing 
extent.  Methods  of  house  heating,  however,  were  determined  to  a 
large  extent  by  what  might  be  termed  the  general  level  of  well 
being  of  the  community.  The  general  position  of  American  com- 
munities had  been  rising  during  the  last  generation,  and  that  meant 
that  whereas  heating  was  at  one  time  regarded  as  a  simple  necessity, 
it  was  now  coming  into  the  field  of  luxury.  In  other  words,  a  far 
greater  degree  of  heating  service  was  demanded  in  many  of  the 
better  class  homes.  The  actual  thermal  efficiency  of  the  various 
classes  of  apparatus  was  less  considered,  and  from  that  point  of 
view  he  did  not  think  that  oil  heating  could  have  come  in  twenty 
years  ago,  even  had  we  then  had  the  apparatus  now  available. 
Generally  speaking,  in  regard  to  what  he  had  termed  luxury  heating, 
the  cost  was  a  matter  of  minor  importance,  more  stress  being  laid 
upon  cleanliness,  convenience,  uniformity  and  continuity  of  service. 
That  fact  would  bring  into  use  other  methods  not  so  much  employed, 
such  as  gas  and  in  some  cases  electricity,  because  the  general 
tendency  in  the  States  at  the  present  time  was  towards  what  he 
had  called  luxury  heating.  That  meant  temperature  control. 
Many  homes  in  America  at  present  had  methods  of  temperature  con- 
trol, and  often  the  temperature  did  not  vary  two  degrees  from  autumn 
to  spring.  In  the  Western  States  they  did  not  have  anthracite 
nor  did  they  always  have  good  bituminous  coal  available.  What 
they  did  have  was  sub-bituminous  coals  and  lignites.  The  com- 
munities which  were  contiguous  to  the  Lake  systems  had  in  times 
past  used  anthracite  coal  and  they  had  become  used  to  a  very  high 
standard  of  heating.  It  was  owing  to  this  use  of  anthracite  that 
with  the  rising  price  they  were  seeking  to  obtain  an  equally  good 
result  with  the  Hgnitic  coals.  In  the  Southern  States  the  chmate 
was  more  hke  that  in  England,  there  being  a  short  cold  period  and 
one  not  so  severe  as  in  some  of  the  other  parts.  As  a  result,  very 
similar  heating  methods  were  adopted  to  those  here,  that  is  to  say 
open  grates  in  every  room,  but  these  were  gradually  giving  way  to 
central  heating. 

Mr.  C.  a.  Masterman  (Great  Britain)  said  that  in  relation  to  house 
heating  by  various  fuels,  figures  were  advanced  showing  the  com- 
parative efficiencies  of  different  systems.  These  comparisons  were 
drawn  up  on  the  assumption  that  all  the  heat  passing  through  an 
imaginary  plane  or  shell  from  the  heating  unit  into  the  room  was 
equally  effectively  used.  On  this  basis,  identical  efficiencies  must 
sometimes  be  allotted  to  systems  embodying  quite  different 
directional  distribution  of  radiant  heat,  and  having  dissimilar 
ratios  of  radiation  to  convection  components  of  heat  output.  Thus, 
a  flueless  gas  stove  and  an  electric  radiator  were  said  to  possess  the 
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same  efficiency,  though  one  might  be  primarily  heating  by  convec- 
tion, the  other  by  radiation.  A  more  sound  comparison  where  unlike 
systems  were  concerned  surely  rested  upon  the  comfort  conditions 
produced.  These  conditions  had,  of  course,  been  subject  to 
considerable  research,  but  controlled  trials  by  numerous  lay 
observers  remained  the  only  method  of  obtaining  factors  for  the 
correction  of  the  conventional  efficiencies  for  unlike  systems.  He 
knew  this  fact  was  realised  in  general,  but  it  was  apt  to  be  overlooked 
when  comparative  figures  were  analysed.  He  questioned  the 
unqualified  acceptance  of  about  100  per  cent,  efficiency  for  flueless 
heaters,  whether  electric  or  gas.  Coal,  coke  or  gas  fires  operating 
into  a  tlue  concentrated  the  air  outlet  from  the  room  and  the  heat 
content  of  this  air  was  accounted  as  waste  together  with  the  balance 
of  heat  in  the  flue  products  proper.  In  the  absence  of  a  flue  there  was 
and  should  always  be  air  movement  in  and  out  of  the  room,  however 
bad  the  ventilation.  It  rarely  fell  below  one  air  exchange  an  hour. 
The  air  passing  out  carried  with  it  heat  precisely  as  did  the  air 
drawn  into  the  flue  above  a  ventilated  fire.  But  this  heat  loss  with  a 
flueless  heater  was  not  debited  against  the  efficiency.  For  the 
figures  of  the  two  systems  to  be  comparable  it  was  essential  either 
to  lower  the  efficiency  figure  of  the  flueless  heater  by  the  amount 
of  this  loss  or  to  raise  the  figure  for  apparatus  working  into  a  flue 
by  taking  this  into  account.  The  latter  might  be  preferable  since 
this  warm  air,  before  leaving,  had  contributed  to  comfort  conditions. 
In  any  particular  case  the  dimension  of  the  correction  might  be 
easily  calculated  and  would  usually  be  found  to  be  of  the  order 
of  5  to  15  per  cent,  in  the  efficiency  figure. 

Passing  on  to  intermittent  domestic  hot-water  supply  systems, 
he  said  that  in  connection  with  the  Gas  Light  and  Coke  Company 
he  had  been  associated  with  an  extended  series  of  trials  of  such 
systems.  With  the  exception  of  instantaneous  heaters  of  the 
geyser  type  the  heat  units  actually  drawn  by  the  user  in  the  water 
corresponded  to  an  overall  efficiency  rarely  in  excess  of  two-thirds 
of  the  tested  boiler  efficiency  and  was  frequently  under  one-third 
of  this  amount.  The  balance  was  represented  by  heat  lost  by  the 
water  during  storage.  Here  there  was  an  immediate  field  for  fuel 
conservation,  a  field  in  which  we  in  this  country  had  travelled  some 
way  behind  common  practice  overseas.  He  referred,  of  course, 
to  the  thermal  insulation  of  domestic  hot  water  supply  systems.  It 
was  usual  to  lag  large  industrial  installations,  but  in  domestic 
installations  where  the  higher  surface-volume  ratio  made  the 
need  more  acute,  such  insulation  was  infrequent.  A  lagging  material 
for  domestic  use  must  fulfil  searching  requirements  involving  thermal 
capacity,  as  well  as  insulation,  hygiene,  ease  and  cost  of  application, 
etc.  The  ideal  material  had  yet  to  be  discovered,  but  using  ^-inch 
hair  felt,  H-inch  asbestos  cement,  or  equivalent  thickness  of  other 
recognised  materials,  it  was  found  that  during  normal  running  90 
B.Th.U.  per  sq.  ft.  of  exposed  surface  might  on  the  average  be 
saved  by  lagging.  In  passing,  he  observed  that  the  less  efficient 
the  boiler  the  greater  the  fuel  economy.    In  order  to  contribute 
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these  wasted  90  B.Th.U.  to  the  water,  a  70  per  cent,  efficiency 
boiler  would  require  130  B.Th.U.  in  fuel.  It  was  not  the  moment  to 
advance  a  mass  of  figures,  but  the  conditions  would  be  exceptional 
in  which  the  cost  of  the  lagging  on  any  kind  of  storage  installation 
would  be  in  excess  of  the  cost  of  the  fuel  saved  during  the  first  year. 
On  the  one  hand,  with  the  cheaper  fuels  such  as  coal  or  coke,  the 
stand-by  losses  when  water  was  drawn  off  intermittently  were 
very  high;  while  on  the  other  hand  the  easier  control  of  the 
alternatives,  gas  and  electricity,  was  off-set  by  the  higher  price 
of  the  heat  unit  supplied.  He  assumed,  of  course,  that  all  normal 
domestic  needs  were  supplied  from  the  one  apparatus,  not  that  the 
installation  was  operated  for  a  single  weekly  bath.  The  figures 
obtained  showed  a  saving  consequent  upon  this  elementary  degree 
of  lagging,  of  rarely  less  than  10  per  cent,  and  often  up  to  50  per 
cent,  in  fuel  consumption  for  typical  domestic  usage.  Alternatively, 
if  heat  under  thermostatic  control  was  supplied,  the  installation 
might  be  maintained  hot  continuously  at  the  same  fuel  con- 
sumption as  an  unlagged  installation  to  which  heat,  and  only 
just  sufficient  heat,  was  supplied  in  immediate  anticipation  of 
actual  demand.  This  latter  programme  presupposed  an  unusualty 
careful  control,  while  the  advantages  of  the  former  in  labour  saving 
and  ever  ready  hot  water  were  obvious. 

It  had  been  advanced  against  such  thermal  insulation  that  the 
hot- water  system  would  no  longer  keep  the  house  warm.  There 
was,  however,  an  appreciable  amount  of  warm  weather  during 
the  summer  and  the  unlagged  system  was  then  uneconomic,  un- 
comfortable, and  sometimes  intolerable.  The  ideal  lagging  material 
might ,  perhaps,  be  required  to  be  capable  of  rerrioval  during  the  winter 
months.  When  adopting  insulation  one  point  must  not  be  over- 
looked. Excessive  heating  of  the  water  soon  led  to  scaling  troubles 
and,  if  carried  too  far,  to  boiling.  Hence  there  was  a  limit  to  the 
degree  of  insulation  appropriate,  except  where  a  controlled  heat 
supply  was  available  which  could  be  adjusted  to  diminish  the  heat 
input  to  the  greatly  reduced  heat  losses.  He  had  suggested  that  in 
this  matter  this  country  was  behind  common  practice  overseas, 
but  the  reverse  should  be  the  case.  Throughout  the  country  we  had 
inherited  from  the  past  thousands  of  old  domestic  installations 
which  had  been  modified  and  added  to,  until  the  heat  losses  were 
abnormally  high.  To  meet  the  resulting  inefficiency  the  original 
boiler  had  often  been  replaced  by  a  more  modern  apparatus.  The 
overall  efficiency  remained  low,  however,  and  the  new  apparatus 
was  frequently  brought  into  undeserved  disrepute.  Failing  a 
reconstruction  of  the  old  installation,  much  might  be  done  to 
restore  a  reasonable  efficiency  by  the  use  of  lagging;  not,  of  course, 
on  the  boiler  alone  but  primarily  upon  the  pipe  lines  and  storage. 
He  could  conceive  no  more  direct  contribution  to  the  conservation 
of  fuel  than  the  retention  in  their  proper  sphere  of  the  heat  units 
at  present  escaping  from  these  unseasonable  and  involuntary  central 
heating  systems  which  only  masqueraded  as  domestic  water  supply 
installations. 
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Mr.  Irwin  Crookes  (New  Zealand)  referred  to  what  was  taking 
place  in  New  Zealand  in  connection  with  the  development  of  the 
use  of  electricity  for  domestic  purposes.    He  lived  in  the  northern 
part  of  New  Zealand,  which  had  a  sub-tropical  climate,  and  in  view 
of  what  was  taking  place  there  he  had  been  surprised  to  hear  from 
Dr.  Margaret  Fishenden  of  the  difficulty  of  obtaining  electric  supply 
for  domestic  purposes  at  anything  like  a  reasonable  figure.    In  his 
own  area  it  was  found  that  notwithstanding  the  very  keen  com- 
petition of  the  gas  company,  electric  cooking  and  domestic  heating 
were  making  extraordinary  headway.   The  area  to  which  he  referred 
was  about  300  square  miles,  having  a  population  of  about  250,000, 
and  during  the  last  five  years  6,000  water  heaters  had  been  installed 
in  individual  homes  by  the  electric  supply  authority.    In  the  same 
period  over  5,000  electric  cookers  had  been  installed,  and  when  he 
left  New  Zealand  two  months  ago  these  were  being  installed  at  the 
rate  of  60  per  week.   As  to  charges  for  supply,  for  water  heating  the 
tariff  was  a  standing  charge  of  £\  per  100  watts  per  annum  with  a 
minimum  of  £4.    In  other  words,  there  must  be  a  400-watt  element 
used  in  the  house,  but  as  a  matter  of  fact  most  people  installed  a 
700  or  800  watt  element.    On  this  tariff,  2s.  6d.  per  week  would 
give  an  amount  of  hot  water  normally  required  for  ordinary  domestic 
purposes  in  a  house  containing  four  or  five  adults.   The  current  was 
shut  off  for  three  hours  per  day,  viz.,  from  4  to  7  p.m.,  and  this  was 
done  automatically  by  a  time  switch  which  was  installed  free  of 
charge   to   the   householder,    a   matter   which   might   interest   the 
previous  speaker,  who  had  referred  to  the  high  cost  of  time  switches. 
The  price  for  energy  for  water  heating  on  this  basis  worked  out  at 
one-third  penny  per  unit.   Most  people  might  say  that  this  low  cost 
was  possible  because  the  energy  was  generated  by  water  power, 
but  it  so  happened  that  in  this  particular  area  water  power  was  not 
available  and  steam  was  used  for  generating  the  current.   Moreover, 
the  one-third  penny  took  account  of  the  cost  of  coal  but  it  did  not 
make  allowance  for  other  charges.    Later  on,  water  power  electrical 
energy  would  be  available,  and  it  was  anticipated  that  such  develop- 
ments would  take  place  that  the  valleys  in  the  load  curves  would 
be  filled  up. 

Speaking  with  regard  to  charges  for  other  uses  of  electricity, 
Mr.  Crookes  said  that  one  of  the  troubles  in  this  connection  was 
that  the  electrical  engineer,  as  a  rule,  devised  all  sorts  of 
complicated  systems,  but  there  was  a  human  psychology  which 
steered  clear  of  complications  and  especially  complicated  systems 
of  charging.  Certain  complicated  systems  had  been  abandoned  in 
New  Zealand  during  the  past  four  or  five  years,  and  for  domestic 
purposes  all  current  went  through  one  meter  and  the  system  of 
charging  had  been  simplified  into  the  following:  for  the  first  16 
units  per  month  the  charge  was  5d.  per  unit,  for  the  second  16  units 
the  charge  was  3d.  per  unit,  and  for  all  remaining  units  the  charge 
was  l^d.  per  unit.  In  consequence  of  that  there  had  been  a  tre- 
mendous development  during  the  past  few  years;  not  only  for 
lighting  but  for  general  domestic  purposes,  including  water  heating 
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and  electric  cooking.  The  supply  authority  to  which  he  had  been 
referring  was  a  public  authority,  and  in  case  it  might  be  thought 
that  this  supply  was  being  given  at  the  expense  of  the  rates,  it 
would  be  well  to  mention  that  the  capital  invested  in  the  undertaking 
was  /2, 500, 000,  and  the  average  rate  of  interest  paid  for  the  loans 
was  b\  per  cent.  A  sinking  fund  of  2^  per  cent,  had  been  established, 
which  was  invested  outside  the  business  and  invested  at  5  per  cent, 
compound  interest — this  would  wipe  out  the  loans  in  21  years. 
This  meant  8  per  cent,  on  the  capital  as  earnings  from  the  under- 
taking, and  in  addition  a  reserve  fund  of  nearly  3  per  cent,  was 
provided.  There  was  also  a  renewal  and  replacement  account,  so 
that  there  did  not  seem  much  danger  of  calling  on  the  rates,  because 
the  items  he  had  mentioned  were  equivalent  to  1 1  per  cent,  on  the 
capital  invested. 

Mr.  LL.  B.  Atkinson  (Great  Britain)  asked  the  price  of  coal  and 
gas  in  the  area  he  had  referred  to. 

Mr.  Crookes  said  the  coal  used  in  the  power  station  was  slack 
at  17s.  6d.  per  ton  alongside  the  power  house.  House  coal  cost 
about  40s.  per  ton  and  gas  of  450  B.Th.U.  cost  5s.  per  thousand 
cubic  feet. 

Dr.  E.  W.  Smith  (Joint  Technical  Secretary)  said  that  Mr.  Crookes 
ought  to  be  thanked  for  switching  the  discussion  on  to  a  definitely 
economic  line.  The  subject  of  domestic  heating  with  different  fuels 
was  primarily  an  economic  one.  For  the  past  five  years  he  had  been 
heating  his  own  house  entirely  without  the  use  of  coal,  and  he  was 
quite  satisfied,  although  the  cost  had  been  greater  than  it  would 
have  been  with  coal.  Owing  to  the  other  savings,  however,  the 
actual  final  cost  was  very  much  less.  He  was  using  coke  for 
central  heating  and  domestic  hot-water  supply,  with  gas  for  assisted 
heating  for  the  various  rooms  when  the  temperature  outside  was 
particularly  low.  Otherwise  the  gas  heating  would  not  be  necessary 
except,  perhaps,  for  a  few  minutes  before  a  meal  or  in  the  evenings 
when  it  was  particularly  cold.  He  was  now  proposing  to  install  a 
gas-fired  boiler  for  the  supply  of  domestic  hot  water  as  distinct 
from  the  supply  of  water  for  radiators.  This  boiler  was  lagged 
and  the  water  would  be  heated  up  during  the  night  ready  for  use 
during  the  day.  He  was  satisfied  that  that  would  be  considerably 
cheaper  than  the  production  of  hot  water  by  means  of  coke. 

He  was  glad  that  one  of  the  delegates  had  raised  the  question  of 
the  type  of  heat  required.  Without  wishing  to  offend  the  United 
States  delegates,  he  must  say  that  he  did  not  believe  the  type  of 
heat  given  in  the  houses  in  the  States,  and  the  conditions  in  those 
houses,  would  satisfy  the  people  of  England,  in  spite  of  the  fortuitous 
cracks  in  the  woodwork  which  afforded  ventilation.  It  was  not 
general  to  have  wooden  houses  throughout  the  States;  there  were 
many  other  types  of  houses,  and  in  spite  of  the  fortuitous  tj^pe  of 
ventilation  to  which  he  had  referred,  the  rooms  in  America  were  very 
definitely  stuffy  when  they  were  heated  efficiently.  The  hot-water 
type  of  heating  was  not  an  efficient  method  of  heating  even  when 
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ventilation  was  adequate,  and  it  was  necessary  to  have  some  form 
of  radiant  heat. 

Radiant  heat  had  the  effect  of  heating  the  furniture  and  walls 
of  the  rooms  and  these  in  turn  heated  the  air  in  the  room,  and 
he  argued  that  that  was  the  way  to  heat  a  room.  Radiant  heat 
could  be  obtained  by  means  of  electrical  apphances,  but  in  Great 
Britain  this  was  an  expensive  method.  The  most  important  point 
that  he  felt  he  could  raise  was  the  one  mentioned  by  the  last  speaker, 
viz.,  methods  of  charging  for  energy,  whether  it  was  by  electricity 
or  by  gas.  During  the  last  few  months  there  had  been  a  boost  in 
the  daily  Press  of  this  country  for  a  reduction  in  the  charges  for 
electricity.  A  case  had  been  made  out,  not  very  efficiently,  by  the 
Press,  that  the  boost  had  been  effective;  but  if  the  Press  would 
only  realise  that  as  gas  was  used  in  over  90  per  cent,  of  the  houses 
of  this  country,  they  would  appreciate  they  had  there  a  subject 
worth  studying  and  which  would  be  much  more  effective  than  the 
attack  upon  the  electrical  industry  in  the  way  it  had  been  made. 
The  Press  would  then  ascertain  that  a  large  number  of  consumers 
of  gas  in  this  country  were  being  supplied  with  gas  a  great  deal 
under  the  cost  of  production,  and  that  owing  to  the  levelling  out  of 
prices  on  practically  a  fixed  charge  those  using  gas  for  heating  and 
cooking  were  paying  very  largely  for  the  losses  on  the  large  proportion 
of  consumers.  There  was  here  ample  scope  for  the  Press  to  educate 
the  public  in  that  respect,  because  if  gas  could  be  sold  on  a  scientific 
basis  and  on  a  definite  commercial  basis  it  would  be  available  for 
the  homes  at  a  very  much  lower  rate,  and  it  would  be  obtainable 
for  industrial  purposes  at  prices  which  are  not  now  possible.  This 
was  a  fact  for  which  the  gas  industry  could  not  be  blamed.  The 
position  was  that  the  electrical  and  coal  industries  were  almost 
completely  free  to  sell  their  commodity  on  a  proper  commercial 
basis,  leaving  the  price  to  depend  upon  the  services  rendered; 
whereas  the  gas  industry  was  restricted  very  largely  to  selling  its 
product  at  nearly  a  constant  rate  except  in  the  case  of  a  few  very 
large  consumers.  It  ought  not  to  be  left  to  the  gas  industry  to 
obtain  the  necessary  powers  slowly;  there  should  be  a  public 
opinion  which  would  insist  that  one  consumer  should  not  pay  for 
another.  If  the  Conference  could  only  discuss  that  matter  and 
encourage  even  the  gas  industry  and  its  consumers  to  get  together 
and  talk  it  over,  it  would  have  done  a  great  thing,  because  it  was  an 
important  matter  in  the  fuel  industries  to-day  in  this  country. 

Mr.  a.  Lindsay  Forster  (Great  Britain)  referred  to  a  question- 
naire which,  he  said,  had  been  sent  out  with  the  object  of  making 
some  comparisons  of  the  views  of  users  as  between  coal  and  various 
forms  of  coke.  The  answers  were  divided  into  three  categories,  viz., 
{a)  those  who  said  they  found  various  forms  of  coke  were  an  im- 
provement over  coal;  {b)  those  who  were  neutral,  and  (c)  those  who 
still  liked  a  bit  of  smoke  and  plenty  of  material  on  which  they  could  use 
the  poker.  Leaving  out  of  consideration  those  who  were  neutral,  the 
answer  showed  a  four  to  one  result  in  favour  of  various  forms  of  coke. 
There  was  one  point,  however,  upon  which  the  information  received 
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was  not  altogether  satisfactory,  and  that  was  with  regard  to  a  certain 
type  of  coke  from  a  vertical  retort.  With  the  object  of  getting 
further  information,  some  of  this  coke  was  sent  out  to  a  number  of 
the  same  people  under  a  pet  name,  and  the  interesting  thing  was 
that  the  opinions  expressed  with  regard  to  it  were  entirely  different 
from  the  opinions  expressed  when  the  coke  was  sent  out  without  a 
name.  The  great  mass  of  that  information  was  probably  supplied 
by  the  ladies  of  the  houses  to  which  the  questionnaire  was  sent,  and 
it  all  had  a  direct  bearing  upon  the  cleanliness  of  the  atmosphere 
of  our  cities.  The  information  had  been  obtained  by  the  Coal 
Smoke  Abatement  League  of  Great  Britain.  The  object  was  to 
test  the  reactivity  of  the  public  as  distinct  from  the  fuel,  and  the 
result  showed  the  need  for  propaganda  to  educate  the  public. 
Col.  W.  a.  Vignoles  (Great  Britain)  remarked  that  upon  at  least 
two  occasions  at  the  Conference  it  had  been  rubbed  in  by  repre- 
sentatives of  the  gas  industry  that  that  industry  was  deserving  of 
the  sympathy  and  support  of  the  public  because  of  the  alleged 
extraordinary  efficiency  of  the  carbonising  process  which  was 
used,  and  the  large  number  of  heat  units  which  were  got  out  of  the 
coal,  viz.,  25  per  cent  in  the  gas  and  another  50  per  cent,  in  the  coke. 
That  attitude  of  mind,  however,  was  rather  narrow.  What  the 
nation  was  concerned  with,  and  what  the  .collieries  were  concerned 
with,  was  not  how  much  could  be  got  out  of  each  particular  ton  of 
coal  brought  to  the  surface,  but  that  each  ton  of  coal  so  brought  up 
should  be  used.  It  was  no  use  getting  75  per  cent,  efficiency  out  of 
one  ton  of  coal  if  there  was  another  ton  of  coal  that  could  not  be 
used  at  all.  In  other  words,  it  was  quite  wrong  to  give  the  impression 
that  every  ton  of  coal  that  was  brought  to  the  surface  was  suitable 
for  the  production  of  gas,  because  it  was  not.  There  was  a  large 
amount  of  coal  used  by  the  electrical  industry  which  was  only 
suitable  for  steam  raising,  and  large  quantities  of  coal,  which  some 
years  ago  were  put  on  dumps  as  unsaleable,  were  recently  used  under 
boilers  for  the  generation  of  electricity.  Therefore,  we  must  look  at 
this  problem  from  the  broadest  point  of  view  and  realise  that  whilst 
there  were  certain  coals  which  could  be  used  for  carbonisation  in 
gasworks,  there  were  other  coals  which  could  only  be  used  for  steam 
raising.  For  that  reason,  in  his  opinion,  the  electrical  industry  was  as 
much  deserving  of  public  sympathy  and  support  as  the  gas  industry. 
The  general  public  were  really  not  much  concerned  with  the  efficiency 
of  any  process.  They  wanted  heat  in  their  homes  for  a  very  definite 
purpose,  for  cooking,  heating  and  hot  water  supply,  and  they  were 
not  concerned  whether  in  any  particular  process  more  heat  units 
were  obtained  from  the  original  ton  of  coal.  What  the  public  was 
concerned  with  was  that  within  certain  limits  the  heating  process 
should  not  be  too  costly;  and,  what  was  more  important,  they  wanted 
comfort  in  their  homes.  The  remarks  of  Mr.  Hood  from  the  United 
States  were  particularly  interesting  in  that  respect.  That  speaker 
stated  that  a  certain  amount  of  luxury  heating  was  being  asked  for 
in  America;  the  public  there  wanted  the  heat  arranged  in  the 
easiest  possible  way  and  in  the  most  controllable  manner,  and  it 
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was  in  that  direction  we  must  look  for  progress.  Progress  must  be 
made  because  the  public  would  demand  it.  The  public  would  demand 
good  health  conditions  and,  within  limits,  the  question  of  cost  would 
come  afterwards.  The  health  point  of  view  was  more  important 
than  the  cost,  and  he  had  been  particularly  interested  in  the  remarks 
of  one  speaker  representing  the  gas  industry  as  to  the  danger  of 
CO  from  gas  burners.  It  was  stated  that  this  danger  was  now 
practically  non-existent,  but  he  believed  that  the  public  would  more 
and  more  wish  to  use  appliances  which  did  not  discharge  products 
of  combustion  into  the  atmosphere  of  their  homes.  The  public 
wanted  better  conditions,  and  these  better  conditions  would  have 
to  be  provided.  The  remarks  of  Mr.  Crookes,  of  New  Zealand,  were 
also  very  interesting  because  it  appeared  from  the  price  of  coal  and 
gas  that  the  conditions  were  very  similar  there  to  those  in  this 
country.  It  was  stated  that  at  l|d.  per  unit  electric  cooking  and 
heating  was  going  ahead  very  rapidly.  Reference  had  been  made  to 
electricity  charges  in  this  country  and  to  the  reductions  that  had 
been  made  as  the  alleged  result  of  a  Press  campaign.  Personally 
he  believed  that  the  prices  of  electricity  would  have  come  down 
without  the  action  of  the  Press,  although  perhaps  the  little  jog 
had  done  no  harm.  He  had,  however,  taken  out  some  figures 
recently  as  regards  several  hundred  towns  in  Great  Britain,  covering 
most  of  the  big  centres,  and  had  found  that  it  was  possible  to  buy 
electricity  in  38  towns  on  a  fixed  charge  plus  a  running  charge  per 
unit  which  did  not  exceed  |d.  per  unit,  while  in  294  towns  covering 
a  population  of  over  26  millions,  the  charge  was  not  more  than  Hd. 
per  unit  plus  the  fixed  charge.  It  would  be  seen,  therefore,  that  the 
price  question  in  Great  Britain  was  very  much  easier  than  it  was. 

Captain  J.  F.  Shaw  (Great  Britain)  said  that  several  speakers 
had  stressed  the  point  that  the  use  of  a  suitable  fuel  for  domestic 
purposes  should  be  approached  chiefly  from  the  economic  side, 
and  it  was  worth  while  emphasising  that  the  prevention  of  the 
pollution  of  the  atmosphere  was  bound  to  be  an  expensive  pro- 
cess. Whatever  forms  of  solid  fuel  were  used  there  still  re- 
mained the  dust  and  the  sulphur  which  would  pollute  the 
atmosphere.  In  that  respect,  before  the  electricity  industry 
could  hope  to  compete  with  a  purified  gas,  it  must  purify  the  waste 
products  which  left  the  generating  stations  by  way  of  the  chimney 
stacks.  One  example  of  that  was  in  connection  with  a  power  station 
which  had  been  placed  in  London  near  where  there  were  fine  trees 
in  a  park.  These  trees  were  gradually  being  destroyed  and  this  was 
understood  to  be  due  to  the  sulphurous  waste  gases  from  the 
boilers  of  the  power  station.  Apparently  the  only  form  of  fuel  which 
would  free  us  from  the  troubles  of  a  polluted  atmosphere  was  a 
purified  gas,  not  necessarily  the  "town's  gas"  supplied  at  the 
present  time.  Either  the  purifying  of  the  waste  gases  from  the  boilers 
or  the  arrangements  for  the  supply  of  purified  gas  would  be  an 
expensive  matter. 

Mr.  Forster  had  referred  to  the  views  of  users  of  coal  and  special 
forms  of  coke,  and  that  was  a  matter  upon  which  he  himself  had 
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intended  to  speak.  As  Chief  Engineer  of  the  Fuel  Research  Station 
at  East  Greenwich,  he  happened  to  have  been  in  the  position  of 
salesman  of  low-temperature  fuel  for  the  last  two  or  three  years  and 
had  had  a  similar  experience  to  Mr.  Forster  in  that  he  had  sent  out 
a  questionnaire  to  a  number  of  purchasers  asking  for  their  views 
with  regard  to  low-temperature  fuel.  In  East  Greenwich  there 
was  a  large  number  of  small  working  class  houses,  whilst  not  far 
away  there  was  the  extensive  residential  district  of  Blackheath. 
In  this  way  he  had  had  a  fair  variety  of  customers  for  several  years 
and  quite  a  variety  of  answers  had  been  received.  Of  100  enquiries 
sent  out,  the  percentage  of  people  who  replied  that  they  did  not 
like  the  low-temperature  fuel  was  extremely  small,  and  he  did  not 
think  there  was  any  who  definitely  said  they  would  not  have  it 
at  any  price.  One  of  the  questions  asked  was  whether  people  would 
be  prepared  to  pay  more  for  the  coke  than  they  were  paying  for 
coal.  There  were  49  who  said  they  preferred  the  coke  to  the  coal 
and  would  be  prepared  to  pay  a  little  more  for  it;  29  preferred  the 
coal,  and  17  did  not  make  any  definite  reply.  When  the  matter 
was  considered  it  was  found  that  the  people  who  were  used  to 
paying  a  smaU  price  for  their  coal  were  prepared  to  pay  a  little 
more  for  the  coke,  the  people  who  paid  a  high  price,  such  as  50s. 
per  ton  for  coal,  preferred  to  continue  with  coal  because,  apparently, 
they  liked  poking  it.  It  would  seem  that  in  small  cooking  ranges 
low-temperature  coke  was  quite  a  satisfactorv  substitute  for  coal, 
but  if  people  wanted  luxury  heating  they  would  be  prepared  to 
pay  for  coal. 

Some  friends  of  his  were  very  delighted  the  other  day  because 
they  found  a  labour-saving  house  to  let.  The  house  was  offered 
at  a  low  rent  and  the  labour-saving  devices  included  an  electric 
cooker.  He  could  not  help  wondering  whether  the  inclusion  of  the 
electric  cooker  was  not  the  real  reason  why  the  rent  was  so  low. 

Mr.  Robert  Mond  (Great  Britain),  proposing  a  vote  of  thanks  to 
the  Chairman,  said  it  would  be  apparent  from  what  had  taken 
place  during  the  meeting  that  great  progress  was  being  made  in  all 
directions  in  all  countries  in  regard  to  heating  problems  for  domestic 
purposes.  The  varying  conditions  in  different  countries  rendered 
different  decisions  necessary,  as  it  was  quite  impossible  to  apply  the 
same  considerations  in  every  case.  Obviously  the  problem  of 
heating  in  countries  like  North  America  and  Canada  were  very 
different  from  the  problems  to  be  faced  in  the  warmer  climates. 
In  the  colder  countries  the  life  of  the  people  depended  upon  being 
able  to  keep  the  place  warm  at  night  against  the  intense  frosts 
in  the  depth  of  winter,  but  in  the  warmer  countries  it  was  necessary 
to  have  a  very  efficient  ventilation;  and,  although  in  many  cases 
the  bricks  of  the  waUs  of  the  houses  in  this  country,  for  instance, 
were  so  porous  that  the  ventilation  came  of  its  own  accord,  that 
was  not  always  the  case,  and  we  therefore  required  open  fireplaces 
to  provide  a  reasonable  amount  of  ventilation.  He  himself  had 
tried  many  forms  of  heating  in  hospitals,  works,  offices  and  in  his 
own  dwelling  houses,  and  one  remarkable  thing  was  that  one  of  the 
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newest  forms  of  heating  houses,  namely  the  panel  system,  which 
had  been  introduced  into  some  of  the  newest  and  most  palatial 
flats  and  hotels  in  London,  was  a  modern  adaptation  of  a  system 
of  heating  which  was  universally  employed  by  the  Romans  about 
1,500  years  ago.  One  of  the  disadvantages  of  electric  heating 
hitherto  had  been  that  it  took  too  long  to  heat  up  anything.  It 
did  not  tend  to  popularise  the  use  of  electric  kettles  that  it  should 
take  so  long  to  heat  a  kettle  of  water  to  make  a  cup  of  tea  in  a  hurry 
in  the  morning.  He  gathered  from  the  paper  from  Austria  that  this 
problem  was  being  tackled  there,  but  there  was  still  an  enormous 
amount  of  work  to  be  done  in  that  direction. 

Several  years  ago,  when  he  lived  on  the  northern  heights  of 
London,  he  used  often  to  climb  to  the  roof  of  the  house  to  see 
the  sun  rise,  and  it  was  interesting  to  notice  the  pall  of  smoke 
on  a  cloudless  morning  rising  from  the  large  number  of  fires  that 
were  being  lighted  in  the  small  houses.  By  the  use  of  anthra- 
cite coal  the  United  States  towns  had  been  comparatively  free 
from  this  trouble,  but  to  his  great  regret  during  a  recent  visit 
to  the  United  States  he  had  noticed  that  the  atmosphere  had 
considerably  deteriorated  from  what  it  used  to  be.  It  was  a 
remarkable  fact  that  one  of  the  first  people  who  ever  built  a  big 
dynamo,  Ferranti,  put  up  the  first  big  power  station  down  the  river 
at  Deptford  in  order  to  avoid  the  smoke  problem  in  the  congested 
areas,  and  also  because  electricity  was  something  which  could 
easily  be  sent  long  distances.  This  fact,  however,  had  since  been 
forgotten  to  such  an  extent  that  we  had  dotted  London  with  small 
power  stations  which  had  merely  accentuated  the  nuisance  instead 
of  reducing  it;  but  he  looked  forward  to  the  time  when  the  Elec- 
tricity Commissioners  would  take  steps  to  prevent  this  sort  of  thing 
happening.  In  this  country  we  had  legislation  dating  from  the  time 
of  King  Edward  III  dealing  with  the  prevention  of  the  smoke 
nuisance.  As  a  matter  of  fact  he  believed  several  people  were 
executed  for  burning  sea  coal,  i.e.,  a  bituminous  fuel,  but  it  might 
be  that  by  the  use  of  low-temperature  fuel  we  should  reach  the  happy 
day,  when  coal  burning  in  open  grates  would  be  a  thing  of  the  past, 
without  legislation.  It  was  no  use,  however,  asking  people  to  use  a 
half-baked  coal  containing  an  increased  proportion  of  ashes  and 
cinders  than  before,  and  also  to  ask  them  to  pay  more  for  it,  in 
order  to  avoid  spoiling  the  atmosphere  of  the  man  next  door. 

The  papers  and  discussion  had  been  valuable  inasmuch  as  they 
provided  a  survey  of  the  whole  position  and  of  the  relative  difficulties 
all  over  the  world,  and  it  was  this  aspect  of  the  matter  which  rendered 
the  Conference  in  general  and  this  meeting  in  particular  of  such 
marked  interest. 

The  proceedings  then  terminated. 
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RESUME 

Das  Kraftwerk  Mydlovary  in  Südböhmen  ist  das  erste  Kraftwerk 
in  der  Tschechoslowakei,  das  ausschliesslich  mit  Kohlenstaubfeue- 
rung ausgestattet  wurde,  und  war  im  Jahre  1926  eines  der  ersten 
Kraftwerke  in  der  Tschechoslowakei,  die  überhaupt  mit  Kohlen- 
staubfeuerung begonnen  haben. 

Die  Verbreitung  der  Kohlenstaubfeuerung  in  der  Tschechoslowakei 
geht  sehr  langsam  vorwärts  und  ausser  Mydlovary  sind  die  beste- 
henden Kohlenstaubfeuerungen  einzelne  Versuchsanlagen,  die  mit 
verschiedenem  Erfolg  arbeiten. 

Die  Hemmung  des  Aufschwunges  der  Kohlenstaubfeuerung  in  der 
Tschechoslowakei  wurde  durch  einige  misslungene  erste  Versuchs- 
anlagen verursacht,  die  nach  deutschem  Muster  mit  Schmelz- 
kammer und  Schlagkreuzmühlen  ausgerüstet  worden  waren  imd 
deren  Misserfolge  die  Staubfeuerung  gleich  in  den  ersten  Anfängen 
in  der  Tschechoslowakei  diskreditiert  haben. 

Und  gerade  die  Tschechoslowakei  ist  das  Land  mit  den  günstigsten 
Vorbedingungen  für  die  Staubfeuerung.  So  zum  Beispiel  ist  die 
Nordböhmische  Braunkohle  eine  sehr  gute  Braunkohle,  die  infolge 
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ihrer  verhältnismässig  geringen  Feuchtigkeit  das  idealste  Material 
für  Staubfeuerung  darstellt. 

Es  sind  hier  weiter  verschiedene  nordostböhmische  und  westmäh- 
rische Kohlenvorkommen,  deren  Förderung  einen  sehr  hohen 
Prozentsatz  von  staubförmigem  Material  aufweist  und  deren  stark- 
backende Kohlen  infolge  des  ungemein  hohen  Aschegehaltes 
(30-50%)  nur  in  Staubfeuerung  mit  einem  hohen  Wirkungsgrad 
verbrannt  werden  können.  Auch  der  westböhmische,  sowie 
Ostrauer  Steinkohlenstaub  imd  die  slowakische  Kohle  aus  Handlova 
sind  sehr  geeignetes  Material  für  Staubfeuerungen. 

Interessant  ist,  dass  dasjenige  Elektrizitätswerk,  das  als  erstes 
ausschliesslich  Kohlenstaubfeuerung  einführte,  gerade  an  einem 
Kohlenvorkommen  liegt,  das  die  minderwertigste  und,  man  könnte 
sagen,  für  Kohlenstaubfeuerimg  (resp.  Aufbereitung)  schwierigste 
tschechoslowakische  Kohlensorte  birgt.  Es  ist  dies  die  Südböh- 
mische Lignitkohle. 

Dies  ist  eine  Kohle  jungtertiären  Ursprunges,  stark  Hgnitisch  und 
schwefelreich  (hoher  Markasilgehalt)  und  auch  der  Aschegehalt  der 
Rohkohle  von  11%  ist  sehr  hoch.  Die  Asche  besteht  zum  grossen 
Teil  aus  Kieselsäm"e  und  zwar  aus  mikroskopisch  feinen  Spongien- 
nadeln.  Von  diesen  kommt  die  starke  Schleisswirkimg,  die  viel 
höher  ist  als  die  der  normalen  Braunkohlenasche.  Die  Rohkohle 
hat  einen  Wassergehalt  von  54-60%  imd  der  untere  Heizwert  dieser 
Kohle  beträgt  1  580-1  630  Kalorien. 

Die  Zusammensetzimg  der  Kohle  ist  etwa  folgende: 


Wasser     . . 

54      % 

Kohlenstoff 

21,1    % 

Wasserstoff 

1,93% 

Schwefel 

1,78% 

Sauerstoff 

9,88% 

Stickstoff 

0,31% 

Asche 

11       % 

\'erbremiliches    . 

35      % 

Wenn  man  diese  Kohle  mit  ähnlichen  reichsdeutschen  Kohlen  ver- 
gleicht, so  sieht  man,  dass,  obzwar  aUe  diese  Kohlen  im  Wasser- 
gehalt ziemhch  gleich  sind,  doch  die  Mydlovarer  Kohle  die  minder- 
wertigste darstellt. 
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— 
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42,1 
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2  230 
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Zur  Entscheidung  für  Kohlenstaubfeuerung  m  Mydlovary  hat 
ausser  der  Berücksichtigung  der  normalen  technischen  und  wirt- 
schaftHchen  Vorzüge  der  Staubfeuerung  und  der  Erwägung,  dass 
infolge  der  Minderwertigkeit  der  Kohle  im  Rohzustande  auf  Rosten 
nur  sehr  geringe  Dampfleistungen  erreichbar  wären,  hauptsächhch 
der  Umstand  geführt,  dass  es  sich  in  Mydlovary  um  ein  reines  Spit- 
zenkraftwerk handelt.  Die  Südböhmischen  Elektrizitätswerke 
verfügen  über  eine  ganze  Anzahl  von  Wasserkraftanlagen  mit  einer 
Gesamtleistung  von  ca  5  000  PS  und  die  kalorische  Zentrale  in 
Mydlovary  dient  hauptsächhch  zum  Bewältigen  der  Spitzenlei- 
stungen und  zum  Belastungsausgleich  bei  wechselndem  Wasser- 
stande, wobei  das  Werk  in  der  trockenen  Sommerzeit  und  bei 
starken  Frösten  im  Winter  den  grössten  Teil  der  Stromerzeugung 
übernehmen  muss.  Schnelle  Bereitschaft  und  grosse  Elastizität 
waren  die  Grundbedingungen,  die  für  die  Staubfeuerung  entschieden 
haben. 


Abb.  1.     Grundriss  der  Kohlenstaubaufbereitungsanlage. 

Beschreibung   der   Anlage.     Das    Kraftwerk   liegt    direkt    an    der 
Lignit-Grube  in  Südböhmen  in  der  Nähe  von  Budëjovice  und  unweit 
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der    Eisenbahnstrecke    Budèjovice  -  Plzen.     Das    dortige    Lignit- 
Vorkommen  wird  auf  über  20  Millionen  Tonnen  geschätzt. 

Der  gegenwärtige  Ausbau  des  Kraftwerkes  besteht  aus  zwei  Turbo- 
aggregaten von  3  000  und  6  000  kW,  aus  einem  Kesselhause  in  dem 
vier  Kessel  à  500  qm  Heizfläche  bei  25  atm  Dampfspannung  auf- 
gestellt sind  und  für  weitere  vier  Kessel  Platz  vorhanden  ist,  aus 
der  zugehörigen  Staubaufbereitungsanlage  mit  Nassdienst  und 
Kühlhaus  und  einer  Bunkeranlage  für  Rohkohle. 

Die  aus  der  Grube  transportierte  Rohkohle  mit  54-60°  ^  Wasser- 
gehalt gelangt  über  einen  Vorbrecher  in  eine  Siloanlage,  die  aus 
Betonbunkern  von  2  000  t  Fassungsraum  besteht.  Unter  den 
Bunkerausläufen  befinden  sich  zwei  Gummitransportbänder,  die 
die  auf  50  mm  vorgebrochene  Rohkohle  nach  der  Nassaufbereitung 
transportieren.  Die  Nassaufbereitung  hat  eine  stündliche  Leistung 
von  25  t  Feinkohle,  was  der  installierten  Mahlleistung  von  12 
Tonnen  trockenen  Staubes  entspricht.  Der  Zweck  der  Nassauf- 
bereitung ist,  die  Rohkohle  auf  ein  gleichmässiges  Korn  von  10  mm 
Komgrösse  aufzubereiten.  Dies  ist  für  die  Trocknung  sehr  wichtig, 
da  ein  gleichmässiges  feines  Korn  viel  leichter  ausgetrocknet  wird, 
als  ein  ungleichmässiges,  das  auch  grössere  Stückchen  enthalten 
würde,  die  dann  Schwierigkeiten  nicht  nur  beim  Durchgange  durch 
die  Röhren  des  Dampftrockners  und  Jalousien  der  Kühlanlage, 
sondern  auch  durch  intensive  Nach  Verdampfung  bereiten  würden. 

Die  gesamte  Kohle  gelangt  in  der  Nassaufbereitung  mittels  eines 
Becherwerkes  über  einen  Magnetabscheider  auf  zwei  Mitchellsiebe, 
die  eine  Maschenweite  von  10  X  10  mm  besitzen.  Der  feine  Durch- 
fall gleitet  in  ein  Becherwerk,  das  die  feine  Kohle  den  Bunkern  über 
den  Dampf trocknern  aufgibt.  Das  Grobe,  der  Ueberlauf  der 
MitcheUsiebe,  fällt  in  zwei  Hammermühlen,  die  die  Kohle  zerklei- 
nem. Aus  den  Hammermühlen  kehrt  die  Kohle  wieder  zu  dem 
ersten  Becherwerke  zurück  und  wird  wiederum  auf  die  Mitchell- 
siebe samt  neuer  Rohkohle  aufgegeben.  Das  feine  Korn  (25  Tonnen 
stündlich)  fällt  aus  dem  zweiten  Becherwerk  über  eine  automatische 
Wage  auf  ein  Transportband,  das  die  Kohle  in  die  drei  Bunker 
an  den  drei  Röhrentrocknern  verteilt.  Die  Trockner  sind  Dampf- 
röhrentrockner von  je  1  250  qm  Heizfläche.  Jeder  der  drei 
Trockner  leistet  ca  4  Tonnen  Trockenkohle  stündhch.  Aus  dem 
Bunker  gelangt  die  Kohle  auf  einen  einstellbaren  Telleraufgabe- 
apparat und  von  da  in  den  Füllapparat  des  Röhrentrockners.     Die 

Röhrentrockner  werden  mittels  Abdampf  der  Kondensationspum- 
penturbinen und  der  Turbospeisepumpen  geheizt.  Der  Druck  des 
Heizdampfes  beträgt  2  atü.  In  die  Dampfleitung  zu  den  Trocknern 
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ist  ein  Dampfdruckregulierapparat  eingeschaltet,  der  zu  gleicher 
Zeit  mit  einem  Thermokompressor  kombiniert  ist.  Dieser  Dampf- 
druckreguHerapparat  hält  automatisch  einen  konstanten  Druck 
in  den  Trocknern  und  bei  Mangel  an  Gegendruckdampf  setzt  er 
automatisch  Frischdampf  zu.  Die  Röhrentrockner  sind  der 
bekannten  Konstruktion  mit  reguHerbarer  Tourenzahl  und  Hoch- 
druckwendeleisten. Neuartig  an  den  Trocknern  ist  eine  Entlüf- 
tungsvorrichtung: ein  Ventil,  das  sich  bei  jeder  Drehung  des 
Apparates  an  der  höchsten  Stelle  ein  wenig  öffnet,  um  etwa  vor- 
handene Luft  herauszulassen.  In  den  Trocknern  werden  je  ca 
3  800  kg  Wasser  stund  hch  verdampft  und  die  Kohle  wird  bei  55  yo 
Rohkohlenfeuchtigkeit  auf  ca  15%  Endfeuchtigkeit  herunter- 
getrocknet. Für  die  Brüdenentstaubung  sind  bei  jedem  Trockner 
ein  Exhaustor  und  zwei  gut  isoHerte,  parallel  geschaltete  Zyklone 
vorgesehen.  Der  in  den  Zyklonen  abgeschiedene  Staub  wird  durch 
Schnecken  einem  FaUrohr  zugeführt,  das  ihn  in  die  Hauptschnecke 
für  getrocknete  Kohle  unter  den  Trocknern  gleiten  lässt.  Die 
Trockner  sind  durch  Ummauenmg  gegen  Wärmeverluste  geschützt, 
sodass  die  zwischen  Trockner  und  Ummauerung  vorgewärmte  Luft 
durch  den  Trockner  durchgesaugt  wird  und  so  dem  Trockenvor- 
gange.wieder  zugute  konrait,  wodurch  die  Wärmebilanz  verbessert 
wird. 


Abb.   2.      Kohlenstaubaufbereitungsanlage 
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Das  Kühlhaus  für  die  Kohle  wurde  erst  nachträglich  erbaut  u.zw. 
aus  dem  Grunde,  um  den  Schwierigkeiten  der  Nachverdampfung 
und  Kondensationen,  die  sich  bei  der  ersten  Inbetriebsetzung 
gezeigt  haben,  erfolgreich  begegnen  zu  können.  Diese  Schwierig- 
keiten hatten  ihren  Grimd  darin,  dass  die  aus  dem  Trockner  austre- 
tende heisse  Kohle  (diese  hat  eine  Feuchtigkeit  von  15-18%,  die 
ziemlich  hoch  über  dem  hygroskopischen  Punkte  der  Mydlovarer 
Kohle  liegt)  nachverdampft  und  der  Brüden  an  den  kühlen  Leitungs- 
wänden unter  Bildung  von  Schwitzwasser  kondensiert.  Diese 
Erscheinung  hat  am  Anfange  zu  unangenehmen  Störungen  Anlass 
gegeben,  indem  Schnecken  verstopft  wurden,  Brücken-  und  Rutsch- 
schwiengkeiten  in  den  Bunkern  entstanden  und  die  Staubpumpen 
Schwierigkeiten  bereiteten. 

Diesen  Schwierigkeiten  ist  man  erfolgreich  begegnet  durch  Auf- 
stellung einer  Kühlanlage  und  durch  ZentraUieizimg  der  gesamten 
Mahlanlage  in  allen  Etagen. 

Durch  diese  Massnahmen  wurde  eine  absolute  Abhilfe  geschaffen, 
sodass  jetzt  die  Funktion  der  gesamten  Staubaufbereitungsanlage 
eine  tadellose  ist. 

Unter  allen  drei  Trocknern  befindet  sich  eine  gemeinsame  Schnecke, 
die  die  getrocknete  Kohle  nach  der  Kühlanlage  transportiert.  Der 
ganze  Gang,  in  dem  diese  Schnecke  situiert  ist,  ist  mit  Dampf 
geheizt,  sodass  die  in  dieser  Schnecke  durch  Nach  Verdampfung 
entstandenen  Brüden  nicht  kondensieren  können.  Die  Schnecke 
ist  zum  Zwecke  der  Absaugung  dieser  Brüden  mit  der  Entstaubimgs- 
anlage  im  Kühlhause  verbunden.  Das  Kühlhaus  ist  der  bekannten 
Konstruktion  mit  Jalousien.  Die  Kohle  wird  im  Kühlhause  durch 
ein  Becherwerk  hochgehoben  und  mittels  einer  Schnecke  auf  die 
einzelnen  Jalousien-Schächte  verteilt.  Unter  den  Jalousien  be- 
findet sich  eine  Sammelschnecke,  die  die  Kohle  der  Schrägschnecke 
aufgibt.  Diese  transportiert  die  Kohle  wieder  zur  Aufbereitungs- 
anlage zurück.  Beide  Schnecken,  sowie  das  Becherwerk  in  der 
Kühlanlage,  sind  an  die  zentrale,  bereits  erwähnte  Entstaubung 
angeschlossen.  Die  Abkühlung  der  Kohle  im  Kühlhause  geschieht 
unter  intensiver  Nachverdampfung,  teils  durch  Berührung  mit  den 
dünnen  Blechjalousien,  teils  durch  den  natürhchen  Luftzug.  Durch 
die  Entnahme  der  Kohle  unten  mittels  der  Sammelschnecke  gleitet 
die  Kohle  zwischen  den  Jalousien  selbsttätig  nach. 

Die  auf  30°  abgekühlte  Kohle  wird  in  der  Aufbereitimg  auf  die 
drei  Trockenkohlenbunker  an  den  Mühlen  verteilt.  Die  Mühlen 
sind  pneumatische  Ringwalzmühlen,  jede  von  einer  stündlichen 
Leistung  von  4-5  Tonnen  Staub  von  einer  Feinheit  entsprechend 
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einem  Rückstande  von  18%  auf  dem  4  900er  Maschensiebe.  Ganz 
neuartig  an  den  Mühlen  ist  die  automatische  AufgabereguHerung 
(Abbildung  3),  die  bis  jetzt  in  derartig  sicherer  und  präziser  Funktion 
bei  keiner  bekannten  Mühle  zu  finden  ist.  Aus  diesem  Grunde  sei 
diese  automatische  Aufgaberegulierung  hier  ausführUch  beschrieben. 
Unter  der  Mühle  befindet  sich  ein  Zellenrad  (2) .  Die  Drehrichtung 
dieses  Zellenrades  ist  so,  dass  dasselbe  zuerst  mit  der  Kohle  aus  der 
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Abb.  3.     Schema  der  Mühle  mit  autom.  Aufgaberegulierung. 

Ausfallgosse  unter  der  Mühle  (3)  und  dann  erst  mit  Frischkohle  aus 
dem  Bunkerauslauf  (1)  gefüllt  wird.  Dieses  Zellenrad  gibt  die 
Kohle  mittels  der  Ausfallgosse  (4)  der  Lufttransportleitung  (5)  auf 
und  wird  durch  diese  nach  dem  Sichter  (6)  gehoben.  Der  feine 
gesichtete  Staub  wird  vom  Exhaustor  weiter  befördert,  wogegen, 
das  Grobe  durch  die  Füllgossen  (8)  zur  Mühle  zurückkehrt. 
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Der  Zweck  dieser  automatischen  Aufgaberegulierung  ist,  der 
Mühle  nur  genau  dasjenige  Quantum  an  Frischkohle  aufzugeben, 
das  an  feinem  Staub  im  Sichter  abgeschieden  worden  ist.  Die 
Erreichung  dieses  Zweckes  ist  äusserst  wichtig  und  zwar  aus  folgen- 
den Gründen: 

(1)  Wenn  an  der  Mühle  keine  automatische  Aufgaberegulierung 
vorhanden  wäre,  die  eine  genaue  Relation  zwischen  abgeschiedenem 
Staub  und  aufgegebener  Frischkohle  aufrecht  hält,  wäre  die  Ueber- 
füllung  evtl.  auch  Verstopfung  der  Mühle  als  Folge  von  wechselnder 
Mahlbarkeit  der  Kohle  (veränderliche  Feuchtigkeit  oder  Härte) 
leicht  möglich. 

(2)  Es  ist  äusserst  wichtig,  dass  der  Luftstrom  und  Sichter  immer 
gleich  belastet  werden,  denn  dieser  Umstand  hat  grossen  Einfluss 
auf  konstante  Mahlfeinheit  und  Kraftverbrauch  des  Exhaustors. 

Die  grossen  Vorzüge  dieser  automatischen  AufgabereguHerung 
bestehen  also  hauptsächHch  in  der  MögHchkeit  der  vollen  Ausnut- 
zung der  höchsten  Mahlkapazität  der  Mühle,  ohne  dass  die  Mühle 
auch  bei  stark  wechselndem  Mahlgut  überhaupt  gewartet  zu  werden 
braucht. 

Ausserdem  arbeitet  die  Mühle  infolge  der  konstant  gleichen  Bela- 
stung des  Luftstromes  mit  konstanter  Mahlfeinheit  und  niedrigstem 
Kraft  verbrauch  des  Exhaustors. 

Die  Wirkimgsweise  der  automatischen  Aufgaberegulierung  ist 
folgende: 

Bei  der  Inbetriebsetzung  der  Mühle,  in  welchem  Falle  sich  in  der 
Mühle  noch  keine  Kohle  befindet,  schöpft  das  Zellenrad  (2)  Frisch- 
kohle aus  der  Gosse  (1).  Dieselbe  ist  ins  Zellenrad  voll  geöffnet, 
sodass  die  Zellen  des  Zellenrades  vollgefüllt  werden  müssen  und  die 
Menge  der  entnommenen  Kohle  ist  genau  fixiert  durch  den  Inhalt 
der  ZeUen  und  die  Drehzahl  des  Zellenrades.  Dieses  schüttet  die 
Kohle  in  die  Luftleitung.  Im  Windsichter  wird  das  Feine  aus- 
geschieden und  die  Griesse  kehren  zur  Mühle  zurück.  Nach  dem 
Durchgang  durch  die  Mühle  gelangt  also  in  die  Gosse  (3)  die  vom 
Zellenrad  der  Luftleitung  aufgegebene  Kohlenmenge,  vermindert 
um  den  im  Sichter  ausgeschiedenen  Staub.  Die  Zellen  des  Zellen- 
rades werden  demnach  aus  den  Mühlenauslauf  (3)  nicht  voUgefüUt, 
sondern  es  fehlt  hier  zur  Vollfüllung  die  im  Sichter  abgeschiedene 
Staubmenge.  Die  ZeUen  gelangen  deshalb  in  den  Bunkerauslauf 
(1)  nicht  ganz  voll  und  werden  hier  erst  mit  Frischkohle  nachgefiJdlt 
und  zwar  genau  durch  die  im  Sichter  abgesonderte  Menge,  sodass 
das  Zellenrad  in  der  Luftleitung  (5)  wieder  genau  dieselbe  Menge 
aufgibt. 
266 


CZECHOSLOVAKIA:  PULVERISED  FUEL  FIRING 

Diese  automatische  Regulierung  bewährt  sich  an  den  drei  4-Ton- 
nen-Mühlen  in  Mydlovary  tadellos  und  die  Mühlen  brauchen  tat- 
sächHch  keine  Wartung.  Die  Mühlen  arbeiten  mit  geschlossenem 
Luftstrom  imd  nur  ein  Teil  der  Luft  wird  als  Ueberschussluft  über 
je  einen  kleinen  Zyklon  nach  aussen  geleitet.  Alle  Zyklone  besitzen 
Zellenräderabschlüsse,  durch  welche  der  Staub  in  eine  gemeinsame 
Sammelscheibe  gelangt,  die  den  Staub  in  den  Pumpenraum  beför- 
dert. Der  Staub  gelangt  aus  der  Schnecke  über  eine  automatische 
Staubwage,  wo  er  registriert  wird,  in  den  Staubbunker  über  den 
zwei  Staubpumpen.  Jede  Pumpe  hat  15  Tonnen  Stundenleistung, 
sodass  je  eine  Pumpe  die  Förderung  des  Staubes  nach  dem  Kessel- 
hause besorgt,  wobei  die  zweite  als  100%ige  Reserve  dient.  Die 
Druckluft  wird  in  zwei  Rotations-Kompressoren  erzeugt.  Nach 
dem  Kesselhause  führen  zwei  Staubleitungen,  sodass  die  eine  wieder 
als  Reserve  dient. 

Wie  schon  erwähnt,  ist  das  ganze  Aufbereitungsgebäude  in  allen 
Etagen  geheizt  und  zwar  durch  Rippenrohrradiatoren,  wobei  noch 
die  langen  Schnecken  der  ganzen  Länge  nach  durch  zwei  Dampf- 
rohre zu  beiden  Seiten  beheizt  werden. 

Der    Kraftbedarf    in    kWh    der    Kohlenaufbereitungsanlage    in 

Mydlovary  auf  1  Tonne  Trockenkohle  bezogen  ist  folgender: 

Die  gesamte  Nassaufbereitung  .  .  .  .  . .  .  .      4,5  kW/t 

Entleerungseinrichtung,  Trockentrommel  im  Exhauster  .  .      1,3 
Schnecke   -    Becherwerk   -   Schnecke   im   Kesselhause   und 

Rücktransportschnecke         .  .  .  .  . .  .  .  .  .      2,6 

Mühlen  mit  automatischer  Aufgaberegulierung        . .  .  .      8,2 

Mühlen  -  Exhaustoren .  .  .  .  .  .  .  .  .  .  ..6,1 

Staubförderung  -  Pumpe         .  .  .  .  . .  .  .      2, 1 

Luft-Kompressoren        ..  ..  ..  ..  ..  ..1,4 

Der  Gesamtkraftverbrauch  für  1  Tonne  erzeugten  Kohlen- 
staubes beträgt  26,2  kW/t 

Die  Kesselanlage  (Abbildung  4).  Das  Kesselhaus  ist  im  Jahre 
1926  gleich  für  8  Kessel  erbaut  worden.  Von  diesen  sind  bis 
jetzt  4  aufgestellt. 

Dampfleistung  der  Kessel.  Diese  4  Kessel  sind  Steilrohrkessel 
von  je  500  qm  Heizfläche,  für  25  atü  Betriebsdruck.  Die  normale 
Dampfleistung  eines  jeden  Kes="ls  beträgt  25  000  kg  und  die 
Maximalleistung  30  000  kg. 

Jeder  Kessel  ist  mit  einem  Dampf  Überhitzer  von  150  qm  Heiz- 
fläche und  einem  Rippenrohr- Wcisservorwärmer  von  810  qm  Heiz- 
fläche versehen.  Auffallend  ist  die  verhältnismässig  kleine  Heiz- 
fläche der  Dampfüberhitzer,  obzwar  der  Dampf  auf  400°C  überhitzt 
wird.  Bei  den  ersten  Kesseln  sind  grössere  Dampfüberhitzer 
eingebaut  worden,  doch  hat  es  sich  gezeigt,  dass  die  Ueberhitzung 
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zu  hoch  war  (über  500°C)  und  es  musste  ein  Teil  der  Ueberhitzer 
herausgenommen  werden. 

Die  Kessel  sind  Dreitommelkessel.  Der  Unterkessel  ist  durch 
eine  Längszwischenwand  geteilt.  Die  Speisung  erfolgt  in  dem  durch 
diese  Zwischenwand  gebildeten,  der  Feuenmg  abgekehrten  Teil  des 
Unterkessels  und  es  hat  sich  diese  Art  der  Speisung,  die  auch  bei 
dem  amerikanischen  Ladd-Kessel  verwendet  wird,  sehr  gut  bewährt, 
da  tatsächlich  dadurch  Kesselsteinbildner  und  Schlamm  vom 
Kesselumlauf  femgehalten  und  im  rückwärtigen  Teil  der  Unter- 
trommel abgesetzt  werden. 

Der  gesamte  Kessel  ist  aufgehängt.  Ebenso  ist  der  vertikale 
Dampf  Überhitzer  von  oben  eingehängt. 

Die  Brennkammer  ist  als  Strahlungskammer  ausgeführt  und  ist 
mit  Kesselheizflächen  und  Granuherrost  versehen.  Auch  das  vor- 
dere Rohbündel  des  Kessels  ist  vollständig  der  Wärmeabstrahlimg 
aus  der  Kammer  freigegeben.  Bei  der  Konstruktion  des  Kessels 
wurde  die  grösste  Sorgfalt  dem  Wasserumlaufe  gewidmet  und  es 
wurde  Sorge  dafür  getragen,  dass  die  Speisung  der  Sammelkam- 
mern der  Kammerwandregister,  sowie  des  GranuHerrostes  und  der 
Rückwandkühlimg,  reichhch  bemessen  sei.  Da  die  Mydlovarer 
Kohle  sehr  gasreich  ist  und  der  Zündpunkt  derselben  recht  tief  bei 
250°C  liegt,  gab  es  vom  Anfang  an  keine  Bedenken  dagegen,  die 
Kammer  vollständig  mit  Rohren  auszukleiden.  Die  unteren  Sam- 
melkästen der  Seitenkühlung,  sowie  der  Sammelkasten  des  Granu- 
lierrostes erhalten  ihre  Speisung  durch  eine  ganze  Anzahl  von 
Rohren  aus  dem  vorderen  Teil  der  unteren  Kesseltrommel.  Die 
oberen  Sammelkästen  sind  teils  mit  der  vorderen  und  teils  mit  der 
hinteren  Oberkesseltrommel  verbunden. 

Es  sind  aber  ausserdem  noch  Fallrohre  vorgesehen,  die  die  oberen 
imd  unteren  Sammelkästen  der  Wandregister  aussen  verbinden  und 
teils  zum  Entlasten  der  Rohrverbindungen  nach  Obertrommehi 
und  teils  zur  Förderung  der  Speisung  der  unteren  Sammelkästen 
dienen. 

Der  Wasserumlauf  im  Granuherroste  ist  durch  besondere  Rohrver- 
bindungen durch  den  Vorderteil  der  Untertrommel  mit  dem  Kessel- 
imilaufe  verbunden. 

Neuartig  bei  den  Wandregistern  ist,  dass  der  Unterteil  der  Rohre 
nicht  gebogen  ist,  sondern  die  Sammelkästen  ganz  tief  in  der  Höhe 
der  Aschentrichter  liegen,  sodass  es  möghch  war,  die  Rohre  in 
Verlängerung  der  Seitenkühlung  geradHnig  in  die  Sammelkästen 
einzuführen.  Dies  bildet  einen  bedeutenden  Vorteil  in  Bezug  auf 
die  Reinigung  der  Rohre. 
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Das  zur  Speisung  benützte  Zusatzwasser  wird  in  einer  Verdanipf- 
anlage  destilliert  und  zuvor  noch  chemisch  aufbereitet,  um  die 
grosse  Menge  der  flüchtigen  Säuren  des  Grubenwassers  zu  binden. 

Die  Sekundärluft  wird  durch  den  Kesselzug  angesaugt  und  zwar 
durch  die  Hohlräume  der  Brennkammereinmauerung,  sodass  diese 
Luft,  bevor  sie  durch  Oeffnungen  in  der  Stirnseite  der  Kammer 
in  die  Feuerung  eintritt,  auf  ca  100°C  vorgewärmt  wird. 

Die  Hauptrauchschieber,  sowie  die  Schieber  für  den  Sekundärluft- 
eintritt haben  elektrische  Femsteuerung,  die  vom  Heizerstande 
betätigt  wird. 

Jeder  Kessel  hat  6  Stück  Flachbrenner,  die  sich  in  der  Hänge- 
decke der  Brennkammer  befinden. 

An  jedem  Kessel  befindet  sich  ein  Staubbunker  für  einen  Staub- 
vorrat von  25  Tonnen.  Diese  Bunker,  in  die  der  Staub  aus  der 
Aufbereitimg  herübergepumpt  wird,  sind  zum  Verhüten  von  Kon- 
densationserscheinungen mittels  Dampf  röhren  geheizt.  Neuartig 
ist  der  Antrieb  der  6  Staubaufgabeapparate,  die  den  6  Brennern 
den  Staub  aufgeben. 

Jede  Schnecke  ist  nämUch  mit  einem  eigenen  Getriebe  versehen, 
an  das  bei  jeder  einzelnen  Schnecke  ein  kleiner  Elektromotor 
(1  kW)  angeflanscht  ist,  sodass  jeder  Aufgabeapparat  seinen  eigenen 
unabhängigen  Antrieb  besitzt.  Zu  jedem  Motor  gehört  ein  eigener 
Reguheranlasser,  sodass  die  Tourenzahl  jeder  Schnecke  unab- 
hängig geregelt  werden  kann. 

Die  Vorteile  dieser  neuen  Anordnung  gegen  die  der  bekannten 
alten,  wo  alle  Aufgabeschnecken  von  einer  gemeinsamen  durch- 
laufenden Welle  mittels  eines  Kegelradpaares  und  einer  aus-  und 
einrückbaren  Kupplung  ihren  Antrieb  erhalten,  sind  folgende: 

Bei  der  alten  Anordnung  muss  man  im  Falle  eines  Deffektes  des 
gemeinsamen  Antriebsmotors  oder  einer  der  vielen  Kupplungen  den 
ganzen  Kessel  oder  die  betreffende  Aufgabeapparaten-Sektion  ab- 
stellen imd  es  ist  bei  der  Reparatur  einer  Kupplimg  notwendig,  die 
ganze  durchlaufende  Antriebswelle  mit  den  vielen  Kegelrädern, 
Kupplungen  und  Lagern  abzumontieren,  wobei  ausserdem  die 
Montage  dieses  Antriebes  bei  einer  grösseren  Anzahl  von  Aufga- 
beschnecken ziemlich  schwierig  ist. 

Bei  der  Mydlovarer  Anordnung  hingegen  ist  der  Betrieb  des 
Kessels  im  Falle  eines  Deffektes  eines  der  Einzelantriebe  absolut 
nicht  gefährdet,  da  die  anderen  nicht  abgestellt  zu  werden  brauchen 
und  die  Reparatur  nach  Schhessung  der  über  den  Schnecken  befind- 
lichen Staubabschlusschieber  während  des  Betriebes  durchgeführt 
werden  kann.  Die  Montage  dieser  Schnecken  mit  Einzelantrieben 
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ist  äusserst  einfach,  da  doch  die  einzelnen  Schnecken  mit  ihren 
eigenen  Antrieben  von  einander  unabhängig  sind. 

Bei  der  bekannten  alten  Ausführung  des  Aufgabe-Antriebes  muss 
auf  der  Schneckenbühne  Bedienungspersonal  sein,  damit  die  ein- 
zelnen Schnecken  je  nach  Bedarf  ein-  und  ausgekuppelt  werden 
können. 

Bei  der  Mydlovarer  Anordnung  dagegen  fällt  diese  Bedienung  fort, 
da  das  Ein-  und  Ausschalten  der  einzelnen  Schnecken  infolge  des 
elektrischen  Einzelantriebes  vom  Heizerstande  aus  durch  elek- 
trische Femsteuerung  geschieht. 

Endhch  ist  bei  der  alten  Anordnvmg  die  Tourenzahl  der  einzelnen 
Aufgabeschnecken  immer  gleich,  sodass  nämlich  auch  bei  Touren- 
zahl-Regulierung der  gemeinsamen  Antriebswelle  immer  eine 
Schnecke  dieselbe  Tourenzahl  besitzt  wie  die  anderen  und  dadurch 
auch  die  Staubbelastung  aller  im  Betrieb  befindhchen  Brenner 
zwangläufig  dieselbe  ist. 

Bei  der  Mydlovarer  Anordnung  der  Einzelantriebe  dagegen  kann 
infolge  des  Umstandes,  dass  jeder  einzelne  Motor  seinen  eigenen 
Tourenregulator  besitzt,  jeder  Brenner  ganz  behebig  nach  Bedarf 
belastet  werden,  was  bedeutende  betriebstechnische  Vorzüge  zur 
Folge  hat. 

Das  Inbetriebsetzen  der  Kesselfeuerungen  geschieht  mittels 
Oelbrennem. 

Die  Schlacke  der  Mydlovarer  Kohle,  die  bei  ca  1  300°C  flüssig  ist, 
granuHert  in  der  gekühlten  Kammer  tadellos  und  sammelt  sich  unter 
dem  Granuherroste  in  den  Trichtern  in  staubförmigem  Zustande 
an.  Das  Wegtransportieren  dieser  Schlacke,  sowie  der  anfallenden 
Flugasche  geschieht  hydrauUsch  durch  Druckwasserejektoren.  Bei 
dem  amthchen  Feuenmgsversuche  wurde  ein  Wirkungsgrad  von 
84,6%  der  Kesselanlage  festgestellt.  Auch  bei  niedriger  Teillast 
der  Kessel  ist  der  Wirkungsgrad  infolge  der  guten  Ausbrennung  ein 
ausgezeichneter. 

Vergleich  der  Baukosten,  berechnet  pro  installierte  Tonne  der 
Aufbereitungsanlage  (bezogen  auf  fertigen  Staub)  und  pro  qm 
Heizfläche  der  Kesselanlage  in  Mydlovary  mit  den  gleichen  Bau- 
kosten in  den  zwei  grössten  Staub-Kraftwerken  des  Kontinents, 
Bohlen  und  Rummelsburg. 

Bei  diesem  Vergleich  sind  noch  besonders  die  grossen  Einheiten 
der  Aufbereitungsanlage  in  Bohlen  und  Rmnmelsburg  zu  berück- 
sichtigen. In  Bohlen  sind  es  5  Mühlen  von  12-20  Tonnen  Stun- 
denleistung '  und  in  Rummelsburg  8  Mühlen  à  12  Tonnen  Stun- 
denleistung. 
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Die  installierte  Mahlleistung  der  Mydlovarer  Aufbereitungsanlage 
beträgt,  wie  bereits  erwähnt,  12  Tonnen  stündlich  und  betragen 
die  Baukosten  inklusive  Gebäude  und  Staubtransport,  auf  eine 
installierte  Tonne  Mahlleistung  bezogen Kc  375  000 

Im  Grosskraftwerk  Bohlen,  wo  Mitteldeutsche  Braunkohle  ver- 
arbeitet wird,  betragen  dieselben  Kosten Kc  480  000 

In  Rummelsburg  (Grosskraftwerk  Klingenberg)  betragen  die 
gesamten  Baukosten  der  Kohlenmahlanlage  inklusive  Staubtrans- 
port und  Gebäude  Mk  4  260  000,  also  pro  installierte  Tonne  Mahl- 
leistung gerechnet    Kc  340  000 

Dieser  verhältnismässig  niedrige  Aufwand  in  Rvunmelsburg  ist 
dadurch  erklärt,  dass  hier  Steinkohle  verwendet  wird  mit  niedrigem 
Wassergehalt,  sodass  die  Kosten  der  Trockneranlage  im  Verhältnis 
zu  Bohlen  und  Mydlovary,  wo  Kohle  mit  über  50°  o  Wassergehalt 
verarbeitet  wird  und  die  Trocknerkosten  einen  grossen  Teil  des 
gesamten  Aufwandes  für  die  Aufbereitung  darstellen,  bedeutend 
niedriger  sind. 

Die  bis  jetzt  instalHerte  Kesselheizfläche  in  Mydlovary  beträgt 
ca  2  000  qm.  Die  Gesamtkosten  dieser  installierten  Kesselheiz- 
fläche, inklusive  Einmauerung,  Montage  und  Frachten,  betragen  ca 
Kc  5  550  000.  Es  betragen  somit  die  Baukosten,  pro  qm  instal- 
lierte Heizfläche  gerechnet    Kc  2  775 

Im  Vergleich  dazu  betragen  dieselben  Kosten  in  Rummelsburg 
(auch  ohne  Aufwand  für  das  Gebäude  des  Kesselhauses)  Kc  5  1 20 
pro  qm  installierte  Kesselheizfläche. 

Zusammenfassung 

Mydlovary  ist  das  erste  imd  bis  jetzt  einzige  reine  Kohlenstaub- 
kraftwerk der  Tschechoslowakei.  Man  kann  sagen,  dass  hier  in 
einem  der  allgemeinen  Elektrifizierung  dienenden  Kraftwerke  die 
minderwertigste  aller  europäischen  Braunkohlen  in  Staubfeuerung 
verwertet  wird.  Nach  Ueberwindung  der  anfänghchen  Schwierig- 
keiten arbeitet  die  Mydlovarer  Anlage  anstandslos. 

Das  Werk  hat  eine  grosse  wirtschaftHche  Bedeutung  für  ganz 
Südböhmen.  Südböhmen  ist  im  Vergleiche  zu  anderen  Teilen  des 
Landes  eine  arme  Gegend  mit  wenig  fruchtbarem  Boden  und  ohne 
nennenswerte  Industrie.  Das  einzige  Kohlenvorkommen  im  süd- 
hchen  Teile  von  Böhmen  sind  die  Lignitlager  in  der  Umgebung  von 
Bude jo vice,  der  südböhmischen  Metropole. 

An  der  MögUchkeit  der  Verwertung  dieser  äusserst  minderwertigen 
Braunkohle  zu  Industriezwecken  und  der  Elektrizitätserzeugung 
wurde  lange  gezweifelt.  Bei  der  Durchführung  der  systematischen 
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Elektrifizierung  Südböhmens  wurde  lange  und  eingehend  erwogen  , 
ob  es  nicht  vorteilhafter  wäre,  in  der  in  Südböhmen  zu  erbauenden 
elektrischen  Zentrale  hochwertige  nord-  oder  westböhmische  Kohle 
zu  verwenden. 

Der  grosse  technische  Fortschritt  der  Kohlenstaubfeuerung  in 
neuester  Zeit  hat  die  Möglichkeit  geboten,  das  Elektrizitätswerk 
doch  auf  eigener  Kohlenbasis  in  Mydlovary  aufzustellen  und  jetzt, 
da  Mydlovary  im  Betriebe  ist  und  mit  Erfolg  und  höchster  Oekono- 
mie  die  südböhmische  Lignitkohle  verwertet,  haben  die  sich  für  die 
Verwertung  dieser  Kohle  eingesetzten  Faktoren  (in  erster  Reihe 
Herr  Ing.  K.  Mates,  Direktor  der  Südböhmischen  Elektrizitäts- 
werke) ausserdem  noch  die  Genugtuung,  dem  armen  Südböhmen 
einen  grossen  Dienst  erwiesen  zu  haben. 

Der  bedeutende  Aufschwung  des  Elektrizitätskonsums  lässt 
einen  baldigen  weiteren  Ausbau  des  Werkes  erhoffen  und  es  wird 
schon  jetzt  erwogen,  Mydlovary  zum  Stützpunkt  der  Elektrifi- 
zierung der  südböhmischen  Eisenbahnen  heranzuziehen. 


RÉSUMÉ 

The  Mydlovary  Power  Station,  in  South  Bohemia,  was  the  first  station  in 
Czechoslovakia  to  be  fitted  out  exclusively  for  pulverised  fuel  firing,  and  in 
1926  was  one  of  the  first  to  begin  using  pulverised  fuel  at  all.  The  use  of 
pulverised  fuel  is  slowly  extending  in  Czechoslovakia,  there  being  at  present 
only  a  few  experimental  plants  in  this  country.  On  account  of  the  peculiar 
qualities  of  its  coal,  Czechoslovakia  offers  great  possibilities  for  pulverised  fuel 
firing.  The  Mydlovary  lignite  coal  is  the  most  inferior  coal  in  the  country, 
having  54  to  60  per  cent,  water  content  and  about  1,600  calories  per  Kg.  net 
heating  value. 

The  decision  to  use  pulverised  fuel  firing  at  Mydlovary  was  brought  about 
by  the  impossibility,  as  the  result  of  the  inferior  quality  of  the  coal,  of  attain- 
ing high  steam  rating  on  grates,  and,  principally,  the  peculiar  requirements  of 
a  peak  station. 

Description  of  the  Plant 

The  whole  plant  is  thoroughly  described.  The  Mydlovary  Power  Station 
is  situated  right  at  the  lignite  mine.  The  coal  supplied  is  crushed  down  to 
50  mm.  and  stored  in  silos  of  2,000  metric  tons  contents.  The  coal  from  the 
silos  is  taken  to  the  wet  preparation  plant,  where  further  crushing  to  a  size 
of  8  mm.  takes  place.  The  coal  thus  crushed  is  dried  by  means  of  steam  in 
three  tube-driers  of  1,250  sq.  metres  heating  surface  from  55  to  15  per  cent, 
moisture. 

The  capacity  of  the  central  coal  preparation  plant  amounts  to  25  metric  tons 
of  raw  coal  or  12  metric  tons  of  dry  coal  hourly.  With  the  object  of  prevent- 
ing later  evaporation  the  dried  coal  is  cooled  down  in  a  cooling  house  and 
ground  to  dust  by  three  mills,  with  an  hourly  capacity  of  4  metric  tons,  and 
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pumped  into  the  boiler  house  by  two  coal-dust  pumps.  An  automatic  regu- 
lating feed-device  of  novel  design  on  the  mills  is  fully  described. 

In  the  boiler  house  there  are  four  boilers  of  500  sq.  metres  heating  surface 
each,  with  steam  pre-heaters  and  radiator  economisers.  Each  boiler  generates 
25,000  Kg.  of  steam  hourly.  The  walls  of  the  boiler  furnaces  are  completely 
water-cooled. 

The  ash  is  removed  hydraulically.  The  chimney  draught  and  secondary 
air  are  controlled  electrically.  Each  boiler  has  six  burners,  to  which  the  dust 
is  delivered  by  six  feeders  from  the  dust  bunkers.  The  novel  design  of  the 
drive  of  these  dust  feeders  is  described  more  fully.  The  boiler  house  operates 
at  84  per  cent,  efficiency. 

The  power  consumption  of  the  coal  dust  preparation  units,  as  well  as  the 
cost  of  construction,  are  reported  on  and  compared  with  those  of  other  pul- 
verised fuel  power  stations. 

Now  that  the  early  difi&culties  have  been  overcome,  the  station  is  working 
faultlessly.  It  uses  the  most  inferior  coal  in  Central  Europe  for  pulverised 
fuel  firing  and  is  of  great  economic  importance  to  Southern  Bohemia.  It  is 
intended  to  enlarge  the  station  in  the  near  future,  and  it  will  become  the 
basis  of  the  electrification  of  the  South  Bohemian  railways. 
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Vorbemerkung 

Der  vorliegende  Bericht  kann  selbstverständlich  in  dem  vorge- 
schriebenen knappen  Umfang  nicht  alles  das  wiedergeben,  was  in 
Bezug  auf  Kohlenstaub  in  Deutschland  erforscht  und  geleistet 
wurde,  sondern  er  musste  sich  darauf  beschränken,  vor  allem 
diejenigen  Gesichtspunkte  herauszuheben,  die  für  einen  internatio- 
nalen Gedankenaustausch  imd  für  eine  Zusammenarbeit  besonders 
geeignet  erscheinen,  und  einen  UeberbHck  zu  geben,  wo  in  erster 
Linie  allgemein  grundlegende  Forschungsarbeit  sich  bewegt.  Das 
Gebiet  der  eigentlichen  verbrennungs-  und  feuenmgstechnischen 
Fragen  konnte  nur  gestreift  werden  imd  bleibt  wohl  zweckmässig 
einem  besonderen  Bericht  bei  nächster  Gelegenheit  vorbehalten, 
dies  um  so  mehr,  als  eine  Reihe  wichtiger  Arbeiten  noch  nicht 
abgeschlossen  sind. 

Die  Notwendigkeit  Technischer  Forschungen 

Die  Kohlenstaubfeuerung  war  in  Deutschland  in  der  Zement- 
fabrikation schon  um  die  Jahrhundertwende  zum    Beheizen    der 
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Drehrohröfen  weitgehendst  zur  Einführung  gekommen.  Die  zum 
Vermählen  des  ZementkHnkers  verwendeten  Rohr- und  Kugelmühlen 
Hessen  sich  ohne  besondere  Schwierigkeiten  auch  zum  Vermählen 
der  Kohle  einrichten  und  es  genügte,  die  Vermahlung  der  Kohle  so 
weit  zu  treiben,  dass  eben  genügender  Ausbrand  erreicht  wurde. 
Ausschlaggebend  für  die  Anwendung  der  Kohlenstaubfeuerung 
waren  weniger  wirtschaftHche,  mehr  brenntechnische  Ueberlegungen. 
Die  Knappheit  an  rostwürdigen,  hochwertigen  Brennstoffen 
während  und  nach  dem  Kriege  und  die  Berichte  über  amerikanische 
Erfolge  mit  der  Kohlenstaubfeuerung  lenkten  erneut  die  Auf- 
merksamkeit des  deutschen  Feuerungsbaues  auf  diese  Befeuerungs- 
art und  erweckten  das  Bestreben,  sie  auch  für  andere  Ofenbauarten, 
z.  B.  Wärmöfen  der  Eisenindustrie,  und  auch  für  Dampfkessel 
nutzbar  zu  machen,  besonders  da  an  feinkörnigen,  für  Roste  weniger 
geeigneten  Brennstoffen  ein  gewisser  Ueberfluss  vorhanden  war  und 
der  durch  den  Mangel  an  Verwendungszwecken  begründete  teilweise 
ausserordenthch  niedrige  Preis  trotz  einer  reichlichen  Spanne  für 
die  Aufbereitungskosten  noch  durchaus  Ersparnismöghchkeiten 
bot.  Damit  aber  ist  schon  gezeigt,  dass  hierbei  auch  die  Wirtschaft- 
lichkeit der  Aufbereitung  nicht  ausser  acht  gelassen  werden  durfte 
und  besonders  mit  Aufhören  der  Kohlenknappheit  in  den  Jahren 
1924  und  1925  sogar  eine  ausschlaggebende  Rolle  zugeteilt  erhielt. 
Um  für  die  wirtschaftlichen  Betrachtungen  einen  sicheren  Boden 
zu  gewinnen,  aber  auch  um  die  höchste  Wirtschaftlichkeit  und 
höchste  Betriebssicherheit  bei  der  Anwendung  der  Kohlenstaub- 
feuerung zu  erzielen  tmd  ihr  neue  Anwendungsgebiete  zu 
erschhessen,  was  besonders  für  Braunkohlenstaub  als  Verede- 
lungsprodukt in  Frage  kommt,  mussten  zunächst  die  tech- 
nischen Fragen  und  Zusammenhänge  hinreichend  geklärt  sein. 
Ein  nicht  unerheblicher  Teil  der  Forschungen  musste  sich  mit 
Braunkohlenstaub  befassen,  da  die  Braunkohle  in  Deutschland  eine 
gegenüber  anderen  Ländern  bedeutende  Rolle  spielt  und  hierüber 
ausländische  Erfahrungen  nicht  vorlagen. 

Messungen  an  Kohlenstaub 

Um  das  Arbeiten  von  Betriebseinrichtungen  an  Kohlenstauban- 
lagen verfolgen  zu  können  und  um  zu  wissen,  welche  Anforderungen 
an  solche  Einrichtungen  gestellt  werden  müssen,  muss  zunächst 
geklärt  sein:  Welche  Eigenschaften  besitzt  der  Kohlenstaub  bezw. 
sollen  ihm  gegeben  werden?  Die  für  solche  Untersuchungen  nötigen 
Verfahren  und  Messgeräte  mussten  grossenteils  erst  entwickelt  und 
auf  ihre  Brauchbarkeit  und  ihren  Genauigkeitsgrad  geprüft  werden. 
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Richtlinien  für  die  Probenahme  von  Kohlenstaub. — Eine  erste 
Voraussetzung  zur  Erzielung  richtiger  Untersuchungsergebnisse 
ist  die,  dass  man  die  Untersuchung  an  einer  Probe  vornimmt,  die 
tatsächhch  ein  typisches  Bild  von  dem  Gut  gibt,  über  dessen 
Eigenschaften  man  sich  unterrichten  will.  Es  erwies  sich  als 
zweckmässig,  Anhaltspunkte  zu  geben,  wie  am  besten  Kohlenstaub- 
proben entnommen  und  behandelt  werden.  Der  Verfasser  dieses 
Berichtes  hat  im  Auftrage  des  Reichskohlenrates  hierfür  Vorschläge 
ausgearbeitet,  die  als  "RichtUnien  für  die  Probenahme  von  Kohlen- 
staub" in  der  4.  Berichtsfolge  dieses  Kohlenstaubausschusses, 
erhältlich  in  dessen  Geschäftsstelle,  und  in  verschiedenen  deutschen 
Fachzeitschriften  veröffentHcht  wurden. 

Hierzu  sei  ergänzend  noch  bemerkt,  dass  sich  neuerdings  gezeigt  hat, 
dass  die  Probenahme  von  Kohlenstaub  bei  der  Untersuchung  von 
Mühlen,  die  direkt  auf  den  Kessel  arbeiten  (in  Amerika  genannt: 
unit  pulverizer),  nicht  ohne  eine  Entnahme  aus  dem  bewegten 
Kohlenstaubluftgemischstrom  durchzuführen  ist,  was  nach  diesen 
Richtlinien  timHchst  vermieden  werden  sollte.  Man  ist  daher 
derzeit  bestrebt,  ein  geeignetes  Verfahren  hierfür  ausfindig  zu 
machen. 

Im  übrigen  erscheint  dieser  Punkt  geeignet  für  ein  internatio- 
nales Zusammenarbeiten  zwecks  mögüchster  Vereinheitlichung 
der  Ausführung. 

Feiichtigkeitsuntersiichungen  an  Kohlenstaub. — Von  grösstemEinfluss 
auf  das  richtige  Arbeiten  von  Kohlenstaubanlagen  ist  der  Feuch- 
tigkeitsgehalt der  Kohle  und  des  Kohlenstaubes. 

Bestimmitngsmethoden 

Die  Bestimmung  des  Feuchtigkeitsgehaltes  wird  noch  vielfach  in 
einfachster  Weise  dadurch  vorgenommen,  dass  der  Kohlenstaub  oder 
die  Kohle  in  gepulvertem  Zustand  vor  und  nach  einer  mehr  oder 
minder  raschen  Trocknung  gewogen  wird.  Untersuchungen  zeigten, 
dass  besonders  bei  Braunkohlenstaub  mit  fortschreitender  Trocknung 
zunächst  ein  Absinken  des  Gewichtes,  dann  aber  wieder  ein 
schwaches  Steigen  desselben  einsetzt.  Es  erschien  daher  dieses 
Verfahren  als  nicht  zuverlässig  genug,  andererseits  aber  ist  es  für 
den  Nichtbrennstoff Chemiker  schwer,  zu  entscheiden,  welches  der 
zahlreichen  anderen,  mehr  chemischen  Verfahren  er  wählen  soll. 
Aus  diesem  Grunde  hat  der  Kohlenstaubausschuss  des  Reichs- 
kohlenrates einen  Vergleich  der  wichtigsten  in  Frage  kommenden 
Verfahren  sowohl  für  Stein-  wie  für  Braunkohlenstaub  durchführen 
lassen.     Ueber   die   Ergebnisse   dieser   Untersuchungen   berichtete 
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Dr.  Broche.^  Er  gibt  einen  lehrreichen  Vergleich  der  Genauigkeit 
der  verschiedenen  üblichen  Verfahren,  und  zwar  dem  Trocknen  im 
Trockenschrank  bei  105°,  dem  Trocknen  bei  105°  im  Kohlensäuie- 
strom  imd  der  Destillation  mit  Xylol  nach  dem  Verfahren  Erdmann, 
sämtliche  Versuche  für  Stein-  wie  für  Braunkohle.  Er  kommt  dabei 
zu  dem  Schluss,  dass  das  genaueste  Verfahren  zur  Bestimmung  des 
Wassergehaltes  von  Stein-  und  Braunkohle  die  Destillation  mit  Xylol 
ist.  Auch  die  Werte,  die  durch  Trockmmg  im  Kohlensäurestrom 
bei  105°  ermittelt  wurden,  decken  sich  verhältnismässig  gut  mit 
denen  der  Xyloldestillation.  Die  Trocknung  bei  105°  an  der  Luft 
ist  für  Braunkohle  und  jüngere  Brennstoffe  unzulässig.  Für 
Steinkohle  erscheint  sie  nur  bei  richtiger  Ausführung  statthaft, 
wofür  Dr.  Broche  folgende  Arbeitsweise  vorschlägt:  3  g  gepulverte 
Kohle  werden  2  Stunden  bei  105°  in  einem  flachen  Wägeglas  getrock- 
net. Für  Feuchtigkeitsbestimmungen  von  besonderer  Wichtigkeit 
fordert  Dr.  Broche  zunächst,  die  grobe  Feuchtigkeit  durch  zweitä- 
giges Lagern  an  der  Luft  zu  ermitteln  und  dann  die  Kohle  in  Staub- 
form der  Xyloldestillation  zu  unterwerfen. 

Hygroskopische  Eigenschaften  des  Kohlenstaubes 

Es  ist  bekannt,  dass  Kohle  oder  Kohlenstaub,  die  sehr  feucht  sind, 
an  der  Luft  einen  Teil  ihrer  Feuchtigkeit  an  diese  abgeben,  anderer- 
seits aber,  wenn  sie  sehr  stark  getrocknet  sind,  von  dieser  wieder 
Feuchtigkeit  aufnehmen.  Man  nennt  diesen  Punkt,  an  dem  der 
Gleichgewichtszustand  der  Feuchtigkeitsaufnahme  bezw.  -abgäbe 
erreicht  ist,  den  hygroskopischen  Punkt.  Für  Steinkohle  liegt  dieser 
Punkt  verhälnismässig  tief  und  verläuft  der  Ausgleichsvorgang 
verhältnismässig  träge.  Von  grosser  Wichtigkeit  dagegen  sind 
die  hierbei  auftretenden  Erscheinungen  bei  der  Braunkohle.  In 
eingehenden  Untersuchungen  ist  diesen  Erscheinungen  Dr.-Ing. 
Rammler  in  seinem  Aufsatz  "Kohlenstaubfeuerung  und  hygro- 
skopische Eigenschaften  der  Braunkohle'^  nachgegangen  und  hat 
dabei  festgestellt,  dass  der  hygroskopische  Punkt  für  eine  gegebene 
Kohlensorte  nicht  konstant,  sondern  eine  Funktion  der  Temperatur 
und  der  relativen  Feuchtigkeit,  wahrscheinlich  auch  des  Druckes 
der  Luft  ist.     Zwischen  Stein-  und  Braunkohle  bestehen  hierbei 

^10.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrates; 
Zeitschrift  "Glückauf"  1927  Nr.  14,  erhältlich  im  Verlag  "Glückauf"  m.b.H. 

in  Essen,  Friedrichstr.  55; 
Zeitschrift  "Braunkohle,"  Verlag  Ivnapp,  Halle  a.  Saale,  Heft  vom  2.  April 

1927. 
^4.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrates,  erhält- 
lich auf  dessen  Geschäftsstelle  Berlin  W15; 
Zeitschrift  "Braunkohle,"  Heft  6  vom  8.  Mai  1926,    erhältlich    im    Verlag 
Knapp,  Halle/ Saale. 
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kennzeichnende  Unterschiede.  Die  sauerstoffreicheren,  also  in  der 
Regel  geologisch  jüngeren  Kohlen,  sind  höher  hygroskopisch  als 
die  sauerstoffärmeren  Kohlen.  Die  Versuche  zeigten,-  dass  die 
Geschwindigkeit,  mit  der  hygroskopisch  ungesättigte  Kohle  oder 
ebensolcher  Kohlenstaub  ihrem  Gleichgewicht  zustrebt,  vom 
Verhältnis  der  freien  Oberfläche  zum  Gewicht  abhängt,  während 
Körmmg  oder  Mahlfeinheit  von  geringem  Einfluss  sind.  Bei  der 
Bebunkerung  von  hygroskopischem  Kohlenstaub  ist  wegen  der 
geringen,  der  Luft  dargebotenen  Oberfläche  eine  grössere  Aufnahme 
von  Feuchtigkeit  nicht  zu  befürchten.  Bei  einer  Versuchsreihe 
wurde  dies  dadurch  nachgewiesen,  dass  der  Kohlenstaub  in  Becher- 
gläser eingefüllt  und  obenauf  eine  3-4  mm  tiefe  Wasserschicht 
aufgegossen  wurde.  Erst  nach  1 4  Tagen  wurde  auf  dem  Gefässboden 
der  hygroskopische  Punkt  des  hygroskopisch  ungesättigt  eingege- 
benen Kohlenstaubes  erreicht.  Dr.  Rammler  kommt  daher  zu 
dem  Schluss,  dass  gegen  die  Trocknung  von  Braunkohle  zum 
Zwecke  der  Vermahlung  über  das  bisher  übliche  Mass  hinaus  das 
hygroskopische  Verhalten  der  Braunkohle  nicht  geltend  gemacht 
werden  kann.  Wieweit  die  Trocknung  getrieben  werden  soll, 
hängt  vielmehr  rein  von  der  Wirtschaftlichkeit  ab, 

Aschengehalts-  und  Aschenschmelzpirnktsuntersitchiingen. — Die  Fest- 
stellung des  Aschengehaltes  von  Kohle  und  Kohlenstaub  bereitet  an 
und  für  sich  keine  besonderen  Schwierigkeiten,  doch  wird  auch  hier 
noch  mit  verschiedenen  Apparaturen,  Temperaturen  undVeraschungs- 
zeiten  gearbeitet,  was  auf  das  Ergebnis  nicht  ohne  Einfluss  bleiben 
dürfte. 

Eine  Einigung,  wie  man  hierbei  vorgehen    will,    dürfte  den 
Wert  solcher  Untersuchungen  nur  erhöhen. 

Schwieriger  ist  jedoch  die  Untersuchung,  in  welcher  Art  die  Asche 
in  der  Kohle  enthalten  ist,  nicht  zuletzt  auch  im  Hinblick  auf  die 
Möghchkeit,  ob  nicht  unter  Umständen  durch  die  Feinmahlung, 
bezw.  Feinermahlung  der  Verband  zwischen  Ascheteilchen  und 
Kohleteilchen  gelöst  wird,  sodass  die  Ascheteilchen  also  zum 
Ausfall  a:is  dem  Kohlenverbande  kommen  und  gewisse  Möglichkeiten 
sich  lijr  die  Ausscheidung  eröffnen.  Dies  wäre  beispielsweise  für 
die  Verwendung  von  Kohlenstaub  in  Verbrennungsmotoren  von 
erheblicher  Bedeutung.  Mit  dieser  Frage  beschäftigt  sich  eine 
Arbeit  von  Dipl.-Ing.  Schwartzkopff.  Es  wird  dort  der  Aschegehalt 
des  in  einzelnen  Kornfraktionen  zerlegten  Kohlenstaubes  untersucht 
und  Betrachtungen  über  das  Vorhandensein  von  paragenetischer 
(pflanzHcher)    und  epigenetischer   (minerahscher)   Asche  in   diesen 
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Kohlenstaubfraktionen  angestellt.  Es  zeigt  sich,  dass  der  Aschege- 
halt der  Korngrössenklassen  1 00-200  fx  in  der  Regel  am  geringsten 
und  in  den  Fraktionen  0-100  ju.  am  höchsten  ist.  Im  Feinsten 
befindet  sich  die  mineralische  Asche  weitgehendst  von  der  Kohle 
losgelöst,  hier  sind  auch  die  aschereichsten  Fusitpartien  vorhanden. 

Einen  weiteren  EinbHck  in  das  Verhalten  von  Kohle  und  Kohlen- 
staub bei  der  Verbrennung  besonders  im  Hinblick  auf  die  Schlacken- 
schwierigkeiten sucht  man  durch  Feststellung  des  Ascheschmelz- 
punktes zu  gewinnen.  Auch  hierbei  hat  eine  vergleichende  Zusam- 
menstellrmg  gezeigt,  dass  eine  Reihe  von  Verfahren  im  Gebrauch 
sind,  deren  Ergebnisse  nicht  unerheblich  von  einander  abweichen. 
Im  übrigen  lassen  praktische  Erfahrungen  es  nicht  möghch 
erscheinen,  ohne  weiteres  durch  im  Laboratorium  gewonnene 
Feststellungen  ein  klares  Urteil  über  das  Verhalten  der  Kohle,  bezw. 
des  Kohlenstaubes  in  der  Feuerung  in  Bezug  auf  Schlackenschwierig- 
keiten zu  gewinnen.  Auch  haben  neuere  deutsche  Forschungen  im 
Gasinstitut  zu  Karlsruhe,  ausgeführt  durch  Professor  Dr.  Bunte  und 
Dipl.-Ing.  Baum,  ergeben,  dass  die  Bezeichnung  Aschenschmelz- 
pimkt  irrig  ist,  denn  es  handelt  sich  nicht  um  einen  genau  definierten 
Punkt,  sondern  eine  genaue  Betrachtung  der  Vorgänge  ergibt  ein 
Aschenschmelidiagranim,  in  dem  die  einzelnen  chemischen  Bestand- 
teile der  Asche  nicht  gemeinsam  bei  einer  ganz  bestimmten 
einheitlichen  Temperatur  schmelzen,  sondern  jeder  Bestandteil 
bei  der  Temperatur,  die  seiner  Eigenart  entspricht. 

Die  Mengenmessung  von  Kohlenstaub. — Grosse  Schwierigkeiten 
bereitet  in  Deutschland  noch  die  einwandfreie  Feststellung  der 
erzeugten  oder  verbrauchten  Kohlenstaubmenge.  Man  hat  sich 
sogar  gezwungen  gesehen,  bei  Abnahme  versuchen,  z.B.  an 
Dampfkesseln, — so  weit  es  nicht  schon  vorher  möglich  war,  den 
Staub  noch  im  Waggon  zu  wiegen  oder  seine  Schwerkraftwirkung 
im  \^orratsbehälter,  beispielweise  durch  Messdosen,  festzustellen, 
— den  Kohlenstaub  abzusacken,  in  Säcken  zu  wiegen  und  dann 
die  Säcke  wieder  in  den  Bunker  zu  entleeren.  Ein  überschlägiges 
Mass  ergeben  ja  wohl  die  Schnecken,  die  in  die  Brenndüse  fördern. 
Leider  aber  ist  die  von  diesen  Schnecken  geförderte  Menge  nicht 
allein  von  der  Umdrehungszahl,  sondern  auch  noch  von  verschie- 
denen andern  Umständen  abhängig,  so  z.B.  von  den  Fliesseigen- 
schaften des  Staubes  und  von  der  Schichthöhe  des  Staubes,  die  über 
der  Schnecke  lagert.  Unter  diesen  Umständen  sah  sich  der  Reichs- 
kohlenrat veranlasst,  ein  Preisausschreiben  für  einen  Kohlenstaub- 
mengenmesser zu  erlassen,  dessen  Einreichungsfrist  bereits  abgelau- 
fen ist.  Die  eingereichten  Bewerbungen  sind  bereits  einer  Priifung 
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unterzogen  und  davon  sechs  zur  Erprobung  an  Modellen  ausgewählt 
worden.     Diese  Erprobung  ist  noch  im  Gange. 

Die  Entzündlichkeit  von  Kohlenstaub. — Die  Sicherheit  der  Betriebe 
und  die  Beherrschung  der  Verbrennung  verlangt  eine  möglichst 
genaue  Kenntnis  der  Entzündlichkeit  des  Kohlenstaubes. 

Selbstentzündurgstemperaturen. — Sowohl  Braun-  als  Steinkohle, 
besonders  auch  ihre  Schwelprodukte,  neigen  bei  längerem  Liegen- 
lassen mehr  oder  minder  dazu,  sich  selbst  zu  entzünden.  Wie 
Dr.  von  Walther  und  Dr.  Bielenberg,  Freiberg,  in  der  Zeitschrift 
"Braunkohle"  vom  3.  und  10.  Dez.  1927  feststellten,  handelt  es 
sich  dabei  darum,  dass  aus  der  Luft  Sauerstoff  aufgenommen  wird 
und  dass  die  Schnelligkeit  dieses  Vorganges  sich  mit  zunehmender 
Temperatur  stark  steigert  und  schHesshch  in  die  Entflammung 
übergeht.  Bei  älteren  Kohlenarten  verläuft  dieser  Vorgang 
verhältnismässig  träge.  Infolge  der  schlechten  Wärmeleitfähigkeit 
der  Kohle  wird  die  auch  schon  zu  Beginn  der  Reaktion  einsetzende 
geringe  Wärmeentwicklung  grösstenteils  dazu  dienen,  die  Tempera- 
tur der  Kohle  zu  erhöhen,  und  damit  die  Beschleunigung  des 
weiteren  Reaktions Vorganges  zu  steigern.  Dementsprechend  ist 
es  wichtig,  die  Kohle  bezw.  den  Kohlenstaub  mit  möglichst  niedriger 
Temperatur  zu  stapeln  und  zu  verladen.  Erfahrungen  haben 
gezeigt,  dass  man  die  dabei  zulässige  Höchsttemperatur  für  Braun- 
kohlenstaub zu  ungefähr  50-70°  und  für  Steinkohlenstaub 
zu  '--'ÔO-IOO"  veranschlagen  muss. 

Zündpitnkfs-  und  Breungeschwindigkeitsuntersuchungen. — Die  bisher 
gemachten  Feststellungen  über  die  Zündpunkte  und  die  Brennge- 
schwindigkeit von  Kohlenstaub  sind  nicht  ohne  Widerspruch 
geblieben.  Es  sind  daher  auf  diesem  Gebiet  in  Deutschland  zahlreiche 
neue  Forschungsarbeiten  in  die  Wege  geleitet,  u.  a.  auch  eine  Unter- 
suchungsreihe, die  bereits  gezeigt  hat,  dass  mit  zunehmendem 
Druck  im  Verbrennungsraum  die  Zünd-  und  Brenngeschwindigkeit 
ganz  erheblich  verkürzt  wird,  andererseits  aber  die  Zündtemperatur 
höher  liegt.  Diese  letzten  Untersuchungen  befinden  sich  in  Durch- 
führung im  Laboratorium  für  Wärmekraftmaschinen  der  Techni- 
schen Hochschule  München  durch  Professor  Nusselt. 

Welche  Umstände  die  Zündtemperaturen  des  Kohlenstaubes  beein- 
flussen, zeigte  in  zahlreichen  Veröffenthchungen  in  der  Zeitschrift 
"Braunkohle"  und  in  den  Forschungsberichten  des  Braunkohlen- 
Forschungsinstituts,  genannt  "Braunkohlenarchiv,"  Verlag  Knapp, 
Halle  a.S.,  Mühlweg  19,  Dr.-Ing.  Steinbrecher.  Er  kommt  dabei 
zu  dem  Ergebnis,  dass  die  mittlere  Entzündungstemperatur  der 
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fossilen  Brennstoffe  tatsächlich  bei  ~  1 60°  liegt,  dass  aber  weiterhin 
die  einzelnen  Korngrössen  sich  nicht  gleich  verhalten,  sondern 
die  Korngrössen  in  der  Grössenordnung  der  Maschenweite  des 
4  900  Maschensiebes  =  88  jLi  meist  eine  bevorzugte  Stellung  einnehmen, 
wobei  allerdings  eben  diese  Kornklasse  auch  in  Bezug  auf  den 
Aschengehalt  eine  Sonderstellung  einnimmt,  was  auch  Schwartz- 
kopff  a.a.O.  berichtete.  Untersuchungen  der  Zündpunkte  kleinster 
Korngrössen,  die  durch  die  Siebung  nicht  mehr  erfasst  werden,  also 
unter  60  /x,  sind  zur  Zeit  im  Gange. 

Feinheitsuntersiickwngen  an  Kohlenstaub.— Y  on  besonderer  Wichtig- 
keit ist  die  Untersuchung  der  Feinheit  des  Kohlenstaubes.  Mit 
zunehmender  Feinheit  wird  bei  gegebenem  Gewicht  die  Oberfläche 
der  Kohle  vergrösser t  und,  da  die  Verbrennung  eine  Oberflächen- 
reaktion ist,  die  Verbrennung  erleichtert.  Es  ist  daher  wesentlich, 
festzustellen:  wieweit  muss  der  Staub  aufbereitet  werden,  bezw. 
wie  fein  ist  der  natürlich  anfallende  Staub? 

Die  Feinheitsbestimmuvg  von  Kohlenstaub. — Es  lag  nahe,  die  Fein- 
heit des  Kohlenstaubes,  die  nach  den  Erfahrungen  der  Zementin- 
dustrie annähernd  im  Bereich  der  Feinheit  des  erzeugten  Zementes 
liegen  musste,  in  ähnlicher  Weise  festzustellen  wie  die  des  Zementes, 
nämUch  durch  Sieben.  Die  ersten  diesbezüghchen  systematischen 
Untersuchungen  wurden  im  Auftrage  des  Kohlenstaubausschusses 
des  Reichskohlenrates  im  Staathchen  Material-Prüfungs-Amt  in 
Berün-Dahlem,  Unter  den  Eichen  86/87,  durchgeführt.  Als 
Ergebnis  über  diese  Versuche  berichtet  Prof.  Dr.  Burchartz  in  seinem 
Aufsatz  "Versuche  zur  Bestimmung  der  Mahlfeinheit  von  Kohlen- 
staub,"^ dass  sich  die  Siebung  für  die  Bestimmung  der  Feinheit  von 
Kohlenstaub  eignet.  Er  schlug  anschHessend  ein  Verfahren  vor, 
wie  man  am  besten  die  Siebung  vornimmt.  Dieses  Verfahren  wurde 
im  wesentlichen  für  die  spätere  Regelung  übernommen.  Er  stellte 
weiterhin  fest,  dass  die  einzelnen  Maschen  der  verwandten  Siebge- 
webe nicht  unerhebHche  Unterschiede  aufweisen  und  dass  daher 
Vorschriften  für  die  Gleichmässigkeit  der  Gewebe  und  ihre 
Abmessungen  nötig  sind. 

Die  Normung  der  Siebgewebe  -und  Siebform. — Auf  Grund  dieses 
Ergebnisses  hat  der  Kohlenstaubausschuss  des  Reichskohlenrates 
die  beschleunigte  Durchführimg  der  Normung  für  Prüf  si  eb- 
gewebe  beim  Deutschen  Normen ausschuss  beantragt  imd  deren 
raschen     Abschluss     bewirkt.     Durch     die     Verabschiedung     des 

^1.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrates; 
Zeitschrift  "Archiv  für  Wärmewirtschaft,"   Jan.    1925,  herausgegeben  vom 
Verein  Deutscher  Ingenieure,  Berlin  NW  7,  Friedrich-Ebert-Strasse  27. 
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a  Sollwerte. 

h  Durchschnittstoleranzen  der  deutschen  Normung 

c  ,,  ,,     amerikanischen  Normung. 

d  Maximaltoleranzen  ,,     deutschen  ,, 

ß  ,,  ,,     amerikanischen  ,, 
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Normblattes  DIN  1171  sind  nunmehr  die  Prüfsiebgewebe  mit 
einer  lichten  Maschenweite  von  1,5  mm  bis  herab  zu  0,06  mm 
genormt.  Während  die  amerikanische  Siebnormung  auf  einer 
bestimmten  mathematischen  Progression  der  Maschenweiten  von 
Sieb  zu  Sieb  aufbaut  und  zwar  mit  dem  Faktor  f  2,  hat  die  deutsche 
Normung  nach  einem  Entwurf  von  Barthelmess  einen  konstanten 
Lichtquerschnitt  von  36%  zugrunde  gelegt,  wodurch  sich  für  die 
Maschenweiten  und  Drahtstärken  ein  konstantes  Verhältnis  2  :  3 
ergibt.  Die  Siebe  werden  bezeichnet  nach  der  Maschenzahl/cm 
linear,  wodurch  sich  die  Maschenzahl  je  cm^  als  die  Ouadratzahl  aus 
der  Bezeichnungsnummer  sofort  errechnen  lässt.  Infolge  dieser 
gegenseitigen  Beziehungen  ist  es  möghch,  aus  einer  einzigen  dieser 
Grössen  in  einfachster  Rechnung  alle  andern  zu  ermitteln.  Bei 
der  Festlegung  der  einzelnen  Zahlenwerte  wurde  besonderer  Wert 
darauf  gelegt,  dass  sich  die  neuen  Siebgewebe  möglichst  eng  an  die 
bereits  eingeführten  Gewebearten  anpassten,  möglichst  einfache 
glatte  Zahlen  ergeben  und  sich  mit  den  weit  verbreiteten  amerikani- 
schen Normen  möghchst  decken.  Wie  Abbildung  1  zeigt,  ist  dies 
im  Bereich  der  Kohlenstaubprüfsiebe  tatsächlich  der  Fall,  sodass  die 
Nominalwerte  beider  Normungen  gegenseitig  innerhalb  der  Tole- 
ranzen liegen.  Die  mathematische  Progression  von  Sieb  zu  Sieb 
wurde  fallen  gelassen,  da  sich  durch  die  Verwendimg  des  Faktors 
\/2  bezw.  \/2  sehr  wenig  handelsübhche  Abmessungen  für  die 
Drahtstärken  vmd  Maschenweiten  ergeben  und  da  der  Wert  einer 
solchen  Progression  nur  sehr  theoretisch  ist.  Die  für  die  amerikani- 
schen Normensiebe  zugelassenen  Toleranzen  erschienen  in  Deutsch- 
land als  zu  weit,  da  bei  Inanspruchnahme  der  Toleranzen  durchaus 
die  Möglichkeit  besteht,  dass  das  nächst  feinere  Sieb  tatsächlich 
grössere  Maschenweiten  aufweisen  kann  als  das  vorhergehende. 
Man  glaubte  in  Deutschland  die  Zahl  der  zu  normenden  Prüfsieb- 
gewebe so  niedrig  und  den  Abstand  zwischen  den  einzelnen  Sieben  so 
gross  halten  zu  müssen,  dass  in  Anbetracht  der  durch  die  Fabrikation 
bedingten  Ungenauigkeiten  und  daher  erforderhchen  Durchschnitts- 
toleranz trotzdem  sich  die  Durchschnittsmaschenweiten  der  einzelnen 
Siebe  nicht  mehr  überschneiden.  Der  Wunsch,  die  Toleranzen 
möglichst  eng  zu  halten,  wurde  noch  bestärkt  durch  Untersuchungen 
von  Dr.-Ing.  Rammler  und  durch  eigene  des  Verfassers  über  den 
Einfluss  von  Fehlmaschen  auf  das  Siebergebnis*  die  gezeigt  haben, 
dass  tatsächUch  die  Ungenauigkeiten  der  Siebgewebe  als  die  Haupt- 
fehlerquellen einer  Siebanalyse  zu  betrachten  sind.     Unter  diesen 

^Siehe  7.  und  8.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlen- 
rates. 
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Umständen  wurde  das  Mass  für  die  grösste  Abweichung  der  Draht- 
dicken auf  10%  und  der  Maschen  weiten  auf  30%  begrenzt  und  dabei 
die  Häufigkeit  des  Vorkommens  solcher  Abweichungen  prozentual 
eingeschränkt,  wobei  geplant  ist,  späterhin  diese  Grösstabweichungen 
noch  weiter  einzuengen.  Bemerkenswert  hierbei  ist,  dass,  trotzdem 
seinerzeit  die  Siebgewebefabrikanten  glaubten,  selbst  noch  engere 
Toleranzen  in  Vorschlag  bringen  zu  können,  sich  nunmehr  gezeigt 
hat,  dass  die  Einhaltung  der  jetzt  gültigen  Toleranzen,  besonders 
für  das  feinste  Siebgewebe  Nr.  100  mit  10  000  Maschen/cm^  schon 
erhebliche  Schwierigkeiten  bereitet.  Unter  diesen  Umständen 
wird  auch  für  die  nächste  Zeit  eine  Normung  noch  feinerer  Gewebe 
nicht  in  Frage  kommen,  insbesondere  da  die  vorher  genannten 
Arbeiten  erkennen  lassen,  dass  auch  die  Schwierigkeiten  bei  der 
Durchführung  der  Siebung  selbst  schon  beim  1 0  000  Maschensieb 
ausserordentlich  gross  sind  und  wahrscheinlich  dieses  Sieb  als 
Greiizsieb  für  das  Sieb  verfahren  bezeichnet  werden  kann. 

Die  Normung  der  Siebgewebe  und  die  Feststellung  der  zulässigen 
Abweichungen  in  ihren  Abmessimgen  hat  tatsächlich  erst  gezeigt, 
wie  schwer  in  dieser  Richtung  vorher  gesündigt  worden  war,  und 
gibt  nunmehr  erst  dem  Verbraucher  Fingerzeige,  was  er  verlangen 
kann  und  muss.  Selbstverständlich  müssen  normgemässe  Prüfsieb- 
gewebe ein  gewisses  Preisniveau  haben,  und  es  sind  daher  besonders 
bilhge  Angebote  nur  mit  grösster  Vorsicht  zu  betrachten. 

Es  erwies  sich  auch  als  notwendig,  ausser  der  Normung  der  Sieb- 
gewebe noch  Bestimmungen  für  deren  Einspannung,  d.h.  für  die 
Ausgestaltung  des  Siebrahmens  zu  treffen.  Während  im  allgemeinen 
in  Deutschland  für  Zement  hauptsächlich  die  Siebgewebe  auf 
quadratische  Holzrahmen  25x25  cm  mit  zirka  10  cm  Randhöhe 
aufgespannt  wurden  und  die  Siebung  offen  über  einem  Bogen  Papier 
vorgenommen  wurde,  hat  man  sich  bei  der  Festlegung  der  Norm- 
form für  Kohlenstaubprüfsiebe  mehr  an  das  amerikanische  Vorbild 
gehalten  und  dementsprechend  vorgeschrieben:  kreisrunde  Form, 
kreisrunder  Metallrahmen  von  20  cm  Durchmesser  und  5  cm 
Randhöhe,  wobei  unterhalb  des  Siebes  der  Rand  sich  um  die  Blech- 
stärke verjüngt,  so  dass  man  die  Siebe  auf  einander  einstecken  kann. 
Ausserdem  soll  mitgegeben  werden  eine  möglichst  fugen-  und 
eckenlose  Auffangschale  und  ein  ebensolcher  Deckel,  die  beide 
dicht  an  die  Sieb  form  anschliessen.  In  der  Art  der  Einspannung 
des  Siebgewebes  bestehen  in  Deutschland  verschiedene  Ausfüh- 
rungen. Vorgeschrieben  ist  nur,  dass  Eck-  und  Hohlräume  mög- 
Hchst  vermieden  sind  und  die  ganze  Ausführung  eine  möglichst 
glatte  Oberfläche  zeigt,  so  dass  das  Anhaften  des  Staubes  möghchst 
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vermieden  \mrà..  Die  Metallrahmen  selbst  werden  teilweise  aus 
Rohren  geschnitten,  teilweise  aus  dünnem  Blech  gebogen  und 
verlötet:  im  letzteren  Falle  meist  doppelwandige  Ausführungen. 
Diese  sind  zwar  leichter  und  handlicher,  doch  besteht  die  Gefahr, 
dass  bei  nicht  dichtem  Abschliessen  der  Nahtstelle  Siebgut  zwischen 
die  Wandungen  gerät  und  dann  einmal  sich  als  Siebverlust,  das 
andere  Mal  wieder  als  unverständliche  Erhöhung  des  Rückstandes 
oder  als  unvollständige  Aussiebung  bemerkbar  macht.  Welche 
Bedeutung  einer  sorgfältigen  Ausführung  der  Siebform  zukommt, 
zeigen  Versuche  des  Verfassers  mit  einem  schlecht  ausgeführten 
Siebsatz,  wo  sich  bei  einer  Absiebung  auf  3  Sieben  12,72  v.H. 
Sieb  Verlust  ergeben  haben.  (Siebverlust  gleich  Differenz  zwischen 
aufgegebener  Siebgutmenge  und  der  Simime  aus  Rückstand  und 
Durchgang.)^ 

Die  Attsfühningen  von  Siehnngen  -von  Hand  und  mittels  Maschine 
vnd  die  derzeit  gültigen  Regeln. — Für  die  Durchführung  der  eigent- 
lichen Siebung  lieferte  die  ersten  Anhaltspunkte  der  bereits  genannte 
Bericht  von  Professor  Dr.  Burchartz.  Er  stellt  darin  fest,  dass  für 
Kohlenstaub  eine  Siebgutmenge  von  25  gr  für  die  Durchführung  der 
Siebanalyse  ausreichend  ist.  Als  Siebfolge  empfiehlt  er,  bei  der 
Handsiebung  mit  dem  feinsten  Sieb  zuerst  anzufangen,  da  sonst 
der  Sieb  Verlust  erheblich  höher  ist.  Er  schlägt  sodann  als  Normal- 
verfahren vor,  das  Sieb  mit  der  einen  Hand  zu  fassen  und  bei 
leicht  geneigter  Lage  125  mal  je  Minute  mit  der  einen  Hand  gegen 
die  andere  zu  schlagen.  Nach  je  25  Schlägen  soll  das  Sieb  in  wage- 
rechter Lage  um  einen  rechten  Winkel  gedreht  und  mit  der  Hand 
3  mal  gegen  den  Siebrahmen  geklopft  werden.  Nach  3,  5,  10  und 
15  Minuten  soll  die  untere  Fläche  des  Siebes  mit  einer  weichen 
Stielbürste  abgebürstet  werden.  Er  schlägt  sodann  vor,  auf  jedem 
Sieb  eine  bestimmte  Zeit  zu  sieben,  und  zwar  auf  dem  6  400  Maschen- 
sieb 20,  auf  dem  4  900  und  2  500  Maschensieb  je  10  und  auf  dem 
900  Maschensieb  5  Minuten.  Dieses  Verfahren  ist  im  wesentHchen 
bei  der  späteren  endgültigen  Regelung  beibehalten  worden. 

Wenngleich  auf  diese  Weise  für  die  Feinheitsbestimmung  von 
Kohlenstaub  die  ersten  und  wesentlichsten  Festlegungen  getroffen 
waren,  so  zeigte  sich  doch,  dass  die  Genauigkeit  der  Siebung  noch 
durch  eine  Reihe  von  Einflüssen  beeinträchtigt  wird,  die  manche 
noch  vmerklärhche  Differenz  der  Siebergebnisse  verursachten. 
Schon  bei  Vergleichsversuchen,  die  nach  dem  Verfahren  von  Prof. 

«Siehe    Zeitschrift  "Braunkohle"   1927  Heft  22,  Verlag  Knapp,  Halle/Salle, 
über  die  "Bestimmung  der  Feinheit  von  Kohlenstaub." 
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Dr.  Burchartz  an  verschiedenen  Stellen  durchgeführt  wurden^ 
zeigten  sich  noch  Abweichungen  bis  über  6%.  Es  zeigte  sich  weiter- 
hin, dass  die  Ausführung  einer  Siebanalyse  von  Kohlenstaub  eine 
recht  umständliche,  zeitraubende  und  unangenehme  Beschäftigung 
ist,  die  sich  das  Personal  möghchst  zu  erleichtern  sucht,  was  aber 
nur  auf  Kosten  der  Richtigkeit  des  Ergebnisses  möghch  ist.  Der 
Kohlenstaubausschuss  des  Reichskohlenrates  entschloss  sich  daher, 
zwei  grössere  Arbeiten  in  die  Wege  zu  leiten,  wovon  die  eine  die 
Fehlerquellen  der  Handsiebung  und  die  Bewertung  der  Feinheit  von 
Kohlenstaub,  die  andere  die  Mögüchkeit  einer  maschinellen  Ermitt- 
lung des  Siebergebnisses  untersuchen  soUte.  Die  die  Handsiebung 
und  ihre  Auswertung  betreffenden  Untersuchungen  wurden  von 
Dr.-Ing.  Rammler  vorgenommen'.  In  Uebereinstimmung  mit  den 
Erfahrungen  des  Verfassers  des  anderen  Berichtes  stellt  Dr.  Rammler 
fest,  dass  es  einen  absoluten  Endpunkt  für  die  Siebung  nicht  gibt. 
Der  Rückstand,  nach  der  Zeit  graphisch  aufgetragen,  verläuft  als 
eine  asymptotische  Kurve.  Während  die  Hauptmenge  des  Feinen 
verhältnismässig  rasch  durchfällt,  besteht  gegen  Ende  der  Siebung 
der  Durchgang  mehr  und  mehr  aus  sogenanntem  siebschwierigem 
Gut.  Dieses  gehört  seiner  Korngrössenordnimg  nach  vor  allen 
Dingen  zwei  Klassen  an,  und  zwar  einerseits  einer,  die  knapp  unter 
der  Maschenweite  Hegt,  bezw.  eine  solche  Korngestalt  besitzt,  z.B. 
Stäbchenform,  dass  es  nur  unter  besonders  günstigen  Umständen 
oder  auch  durch  eine  etwas  grössere  Masche  durchfallen  kann, 
andererseits  aber  einer,  die  aus  Allerfeinstem  besteht,  das  an  den 
gröberen  Körnern  anhaftet  bezw.  durch  die  Siebimg  erst  abgeschüffen 
und  abgestossen  worden  ist  und  als  Abrieb  bezeichnet  wird.  Bei 
jeder  Siebung  entsteht  imvermeidHch  etwas  Abrieb  und  man  darf 
daher  die  Siebung  nicht  so  lange  ausdehnen,  dass  der  Abrieb  un- 
gebührüch  gross  wird.  In  seiner  Absolutgrösse  wird  er  allerdings 
durch  das  Glatterwerden  der  Kömchen  mit  fortschreitender  Siebung 
immer  kleiner  in  Bezug  auf  die  entstandene  Gewichtmenge  je 
Zeiteinheit.  Sowohl  Dr.  Rammler  als  der  Verfasser  des  anderen 
Berichtes  fordern  daher,  die  Siebung  so  lange  auszudehnen,  bis  man 
mit  Sicherheit  den  asymptotischen  Charakter  der  Siebkurve  erreicht 
hat,  wo  sich  dann  voraussichtlich  noch  nicht  ausgesiebtes  Durch- 
gangszugehöriges und  bereits  entstandener  Abrieb  die  Wage  halten. 
Gewichtsmässig  auf  die  aufgegebene  Siebgutsmenge  bezogen,  ist 
der  Abrieb  des  Kohlenstaubes  bei  der  Siebung  bisher  überschätzt 

*Siehe  2.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrates 

bezw.  in  der  Zeitschrift  "Archiv  für  Wärmewirtschaft"  1925. 
'Siehe  7.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrates. 
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worden.     Er  dürfte  für  eine  Siebanalyse  sich  in  der  Grössenordnung 
von  1  %  bewegen. 

Dreierlei  Einflüsse  sind  zu  unterscheiden,  die  sich  auf  das  Ergebnis 
einer  Siebanalyse  bemerkbar  machen: 

(fl)  Einflüsse  des  Siebes,  und  zwar  sowohl  des  Gewebes  als  der 

Form.     Darüber  wurde  bereits  gesprochen. 
(Ô)   Einflüsse,     die    von    den     Eigenschaften     des    Siebgutes 

herrühren, 
(c)  Einflüsse,  die  mit  der  Ausführung  der  Siebung  verbunden 
sind. 
Unter  den  Einflüssen,  die  die  Eigenschaften  des  Siebgutes  äussern, 
sind  die  Mahlfeinheit,  die  Komgestalt  und  die  Festigkeit  der  Kohle 
von  geringerer,  aber  immerhin  vorhandener  Bedeutung.  Sehr 
wesentlich  dagegen  wird  die  Siebung  beeinflusst  durch  die  Feuchtig- 
keit. Ja,  wenn  die  Feuchtigkeit  zu  gross  ist,  kann  die  Siebimg 
überhaupt  unmöghch  werden.  Ist  hinwiederum  die  Kohle  über- 
trocknet, so  saugt  sie  sich,  besonders  Braunkohle,  an  den  Metall- 
teilen des  Siebes  fest.  Dr.  Rammler  fordert  daher,  die  Siebung 
nur  im  lufttrockenen  Zustand  der  Kohle  durchzuführen. 

Bei  den  Untersuchimgen  betreffend  die  Ausführung  der  Siebung 
beschränkt  sich  Dr.  Rammler  auf  Untersuchungen  mit  Sieben  mit 
dem  runden  Metallrahmen.  Er  hat  dabei  eine  Reihe  von  Bewegungs- 
arten untersucht  und  festgestellt,  dass  die  Art  und  die  Intensität  der 
Siebbewegung  von  wesentlichem  Einfluss  auf  das  Siebergebnis 
ist.  Wird  die  Siebbewegimg  richtig  ausgeführt,  so  sind  die  indi- 
viduellen Fehlereinflüsse  überraschend  gering.  Die  Abweichungen 
zweier  von  derselben  Person  ausgeführten  Analysen  desselben 
Siebgutes  auf  denselben  Sieben  können  stets  unter  1  v.H.  gehalten 
werden.  Auch  dürfen  die  Unterschiede  der  Siebergebnisse  zweier 
geübter  Personen  1,5  v.H.  nicht  überschreiten.  Ist  das  Personal 
weniger  geübt,  werden  die  Unterschiede  natürhch  etwas  grösser. 
Besondere  Wichtigkeit  legt  Dr.  Rammler  darauf,  dass  stets  zwei 
Analysen  ausgeführt  werden  und,  wenn  die  Abweichungen  dieser 
beiden  Analysen  grösser  sind,  eine  dritte  Analyse  durchgeführt 
wird. 

Die  Untersuchung  über  die  Möglichkeit  der  Benutzung  von 
Maschinen  für  Feinheitsprüfzwecke  wurde  vom  Verfasser  dieses 
Berichtes  selbst  ausgeführt  und  ist  in  der  8.  Berichtsfolge  des 
Kohlenstaubausschusses  des  Reichskohlenrates  veröffentücht. 
Zunächst  wurden  bereits  im  Gebrauch  oder  auf  dem  Markt  be- 
findliche Maschinen,  die  zum  Teil  für  andere  Zwecke  und  Stoffe 
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vorgesehen  waren,  auf  ihre  Brauchbarkeit  untersucht,  unter  anderen 
auch  die  amerikanische  Ro-Tap-Maschine  der  Firma  Tyler  &  Co., 
in  Ohio.  Die  Versuche  zeigten,  dass  tatsächhch  das  Problem  noch 
nicht  gelöst  war. — Es  handelt  sich  hierbei  nicht  darum,  auf  möglichst 
wirtschaftliche  Weise  möglichst  grossen  Durchsatz  zu  erzielen  wie 
bei  der  Erzeugung  eines  Gutes  von  bestimmter  mittlerer  Feinheit, 
sondern  es  handelt  sich  hier  eben  darum,  eine  möglichst  genaue 
Trennung  des  Gröberen  und  Feineren,  d.h.  eine  möglichst  genaue 
Aussiebung  zu  erreichen  und  zwar  so,  dass  das  Bild  der  ursprüng- 
lichen Kornzusammensetzung  gegeben  wird  und  nicht  eine  Verände- 
rung des  Siebgutes  eintritt.  Von  den  untersuchten  Maschinen  kam 
die  Tyler-Maschine  verhältnismässig  nahe  an  die  Handsiebung  heran, 
ohne  sie  ganz  zu  erreichen.  Der  Verfasser  ging  daher  dazu  über, 
an  einer  veränderlichen  Studiensiebmaschine  ganz  systematisch 
festzustellen,  welche  Bewegungsart  denn  eigentlich  die  richtige  wäre 
und  welche  Erfordernisse  zu  erfüllen  sind.  Als  Bewegung  des 
Siebes  kamen  in  Frage  eine  kreisende  Bewegung,  eine  Bewegung 
"hin  und  her"  und  eine  Bewegung  "auf  und  ab"  und  natürlich 
Kombinationen  dieser  Bewegungsarten.  Auf  Grund  der  Vorver- 
suche konnte  bereits  die  kreisende  Bewegung  ausser  Betracht 
bleiben,  da  sie  nicht  das  Optimum  an  Siebwirkung  erreichen  kann, 
indem  sie  keinen  Ruhepunkt  hat  und  die  Bildung  von  Kügelchen 
begünstigt.  Die  Versuche  ergaben,  dass  auch  die  Bewegung  "auf 
und  ah"  nicht  die  ideale  Bewegung  sein  kann,  denn  einerseits  werden 
Sieb  und  Siebgut  sehr  stark  beansprucht  und  andererseits  fallen 
beim  Niedergehen  des  Siebes  und  Staubes  die  schwereren  groben 
Körner  voraus,  verstopfen  die  Maschen  und  die  feineren  Körner 
kommen  auf  die  groben  obenauf  zu  liegen.  Wohl  aber  gelang  es, 
mit  hin-  und  hergehender  Bewegung  ganz  überraschend  gute  Ergeb- 
nisse zu  erzielen;  doch  musste  streng  darauf  geachtet  werden,  dass 
der  Rhythmus  für  die  jeweilige  Staubsorte  der  richtige  war.  Der 
erforderliche  Rhythmus  ist  durchaus  nicht  für  alle  Staubsorten  der 
gleiche  und  daher  erklärt  es  sich,  dass  alle  bisherigen  Konstruktionen, 
die  mehr  oder  minder  durch  Versuche  an  einander  sehr  ähnlichen 
Staubsorten  entwickelt  wurden,  bei  anderen  Verhältnissen  immer 
wieder  versagten.  Der  Siebvorgang  besteht  darin,  dass  man  das 
Sieb  mit  dem  aufliegenden  Staub  zunächst  beschleunigt,  dann  die 
Bewegung  des  Siebes  stoppt,  sodass  das  Siebgut  über  das  Gewebe 
etwas  hinstreicht,  sich  auf  dem  Gewebe  neu  verteilt  und  den  feine- 
ren Körnchen  Gelegenheit  gegeben  wird,  durch  freie  Maschen 
durchzufallen.  Es  muss  also  das  Siebgut  durch  die  Beschleuni- 
gung des  Siebes  kinetisch  so  aufgeladen  werden,  dass  es  in  der  Lage 
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ist,  bei  Abstoppen  der  Bewegung  des  Siebes  den  Reibungswider- 
stand der  Auflagerung  zu  überwinden.  Die  kinetische  Aufladung  ist 
eine  Massenwirkung,  die  abhängt  von  der  Masse  der  Körnchen  und 
der  erteilten  Beschleunigung.  Die  Masse  der  Teilchen  wieder 
hängt  ab  von  ihrem  Volumen  und  ihrem  spezifischen  Gewicht.  Der 
Reibungswiderstand  andererseits  hängt  ab  von  der  Oberflächen- 
beschaffenheit des  Siebgutes  und  des  Siebes  und  von  der  Ober- 
flächengrösse.  Es  zeigen  sich  somit  fünf  verschiedene  Variable,  die 
auf  einander  abgestellt  sein  müssen.  A.H.M.  Andreasen  vom 
Chemisch-Technologischen  Institut  der  Kgl.  Technischen  Hochschule 
zu  Kopenhagen  gibt  hierfür^  die  mathematischen  Gleichungen  an, 
deren  Richtigkeit  er  durch  Versuchsergebnisse  belegt  hat  und  die 
meine  eigenen  Erfahrungen  aufs  beste  bestätigen.  Die  nötige 
Beschleunigung  kann  gegeben  werden  mit  kleinem  Hub  und  grosser 
Drehzahl  oder  mit  grossem  Hub  und  kleiner  Drehzahl.  Ein  zu 
kleiner  Hub  bedingt  aber  zu  rasche  Folge  der  ümkehrpunkte  der 
Bewegung,  sodass  unter  Umständen  der  neue  Impuls  zur  Relativ- 
bewegung einsetzt,  bevor  der  alte  aufgebraucht  ist.  Dadurch  wird 
notwendigerweise  der  Durchfall  des  Feinen  durch  das  Gewebe 
gestört.  Andererseits  bedingt  ein  zu  grosser  Hub  eine  zu  schwer- 
fällige Konstruktion  und  langsamer  verlaufende  Verzögerung  der 
Bewegung  des  Siebes. 

Nach  dem  Vorhergesagten  erfordert  also  z.B.  Zement  mit  einem 
spezifischen  Gewicht  von  ungefähr  3  einen  anderen  Rhythmus  als 
Kohlenstaub  mit  einem  spezifischen  Gewicht  des  Stoffes  von  wenig 
über  1.  Ja  sogar  Kohlenstaub  von  ein  und  derselben  Kohlensorte 
erfordert  für  die  gröberen  Fraktionen  eine  andere  Beschleimigung 
als  für  die  feineren  Fraktionen.  So  wurde  beispielsweise  gefunden, 
dass  bei  einer  bestimmten  Einstellung  der  Siebmaschine  für  die 
Absiebung  auf  dem  2  500  Maschensieb  als  günstigte  Drehzahl  1 32 
Umdrehungen  min,  während  auf  dem  10  000  Maschensieb  158 
Umdrehungen/min  nötig  waren.  Der  Verfasser  fand,  dass  dieser 
Rhythmus  sich  weiterhin  noch  verbessern  lässt  dadurch,  dass  man 
das  Sieb  am  Ende  des  Hubes  gegen  Puffer  anschlagen  lässt  und  in  das 
Kurbelgetriebe  ein  elastisches  Zwischengüed  einfügt.  Hierbei  muss 
natürüch  eine  ungefähr  richtige  Abstimmung  zwischen  bewegten 
Massen,  Hubgrössen  und  Drehzahl  vorgenommen  sein.  Ein  Drehen 
des  Siebes  während  der  Siebung,  das  vielfach  verlangt  wurde,  ist 
seiner  Ansicht  nach  nicht  nötig,  besonders  dann  nicht,  wenn  das 


*In    einer   w'enig    später    erschienenen    Veröffentlichung   im    "Sprechsaal," 
Zeitschrift  für  die  keramischen,  Glas-  und  verwandten  Industrien. 
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Siebgewebe  keine  Gassen  (Reihe  von  Fehlmaschen  durch  das  Sieb- 
gewebe) hat  und  wenn  seitUch  an  die  Siebe  geklopft  wird.  Durch 
ein  Klopfen  an  das  Sieb  während  der  Siebbewegung  wird  erst  das 
letzte  aus  der  Aussiebung  herausgeholt,  bezw.  bei  etwas  mehr 
backendem  Staub  oder  sehr  feinem  Staub  die  Aussiebung  ermöglicht. 
Zur  Erzielung  einer  richtigen  Klopfwirkung  ist  ein  ganz  eigenartiger, 
etwas  wippender  Schlag  erforderlich,  den  ebenfalls  maschinell  zu 
erzielen,  grosse  Schwierigkeiten  bereitete.  Doch  ist  auch  dies 
gelungen.  Unter  Berücksichtigung  aller  gewordenen  Erkenntnisse 
wurden  dann  Aussiebungen  erzielt,  die  nicht  nur  der  Handsiebung 
eb  enbürtig  waren,  sondern  ihr  sogar  überlegen  genannt  werden 
müssen.  So  wurde  beispielswiese  in  20  Minuten  auf  dem  900, 
2500  und  6  400  Maschensieb  eine  bessere  Aussiebung  erzielt  als  in 
30  Minuten  von  Hand,  und  zwar  auf  dem  6  400  Maschensieb  Rück- 
stand 17,6%  gegenüber  18,0%,  obwohl  die  Handsiebung  von  einer 
ausserordentlich  geschulten  Person  durchgeführt  wurde. 

Inzwischen  sind  in  Deutschland  speziell  für  Kohlenstaub  zwei 
Konstruktionen  auf  den  Markt  gekommen,  die  bereits  Eingang  in 
die  Praxis  gefunden  haben  und  sich  zu  bewähren  scheinen.  Es 
wäre  schön,  wenn  eine  von  diesen  Maschinen  sich  so  gut  bewähren 
würde,  dass  man  sie  als  Normalmaschine  für  die  Feinheitsprüfung 
von  Kohlenstaub  anerkennen  und  die  lästige  Handsiebung 
entbehren  könnte. 

Auf  Grund  dieser  beiden  Berichte  beschränkte  der  Kohlenstaub- 
ausschuss  des  Reichskohlenrates  seine  Vorschläge  zwecks  Normalisie- 
rung des  Siebverfahrer.s  vorerst  auf  die  Handsiebung.  Er  unterschied 
dabei  zwei  Fälle  und  zwar  betriebliche  Untersuchungen,  bei  denen 
nicht  so  grosse  Genauigkeit  verlangt  und  nicht  so  grosse  Sorgfalt 
aufgewendet  werden  kann  und  es  mehr  darauf  ankommt,  die 
Ergebnisse  rasch  zu  erhalten,  und  zweitens  Siebuntersuchungen 
für  Schiedszwecke  und  wissenschaftliche  Forschungen.  Für  beide 
Fälle  wurden  alle  wesentlichen  Bestimmungen  in  je  ein  Merkblatt 
zusammengef asst ,  wovon  in  der  Anlage  je  ein  Muster  beigegeben 
ist.  (Anlage  1  und  2.)  Diese  Merkblätter  dürften  wohl  alles 
wiedergeben,  was  nach  dem  heutigen  Stand  als  für  die  Ausführung 
einer  Siebanalyse  wesentlich  zu  betrachten  ist. 

Dem  Verfasser  dieses  Berichtes  würde  es  durchaus  angebracht 
erscheinen,  wenn  es  sich  im  Rahmen  der  Weltkraftkonferenz 
ermöglichen  Hesse,  für  die  Durchführung  der  Siebanalysen 
bezw.  für  die  Bestimmung  der  Feinheit  von  Kohlenstaub  zu 
einer  einheitlichen  internationalen  Regelung  zu  kommen,  sei  es 
unter  Zugrundelegung  einer  einheitlichen  Siebgewebenormung 
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oder  unter  Benutzung  einer  entsprechenden  Uebersetzungs- 
tabelle.  Als  Beratungsgrundlage  könnten  von  deutscher 
Seite  ohne  weiteres  die  beiden  Merkblätter  des  Kohlen- 
staubausschusses des  Reichskohlenrates  betrachtet  werden. 

Die  AuswertwHg  von  Siebergebnissen  und  die  in  De  tschla  d  übliche 
Bezeichnung  für  die  Kohlenstaithfeinheiten. — In  den  Merkblättern 
für  die  Handsiebung  wird  noch  empfohlen,  die  Ergebnisse  in  Kenn- 
linien graphisch  aufzutragen.  Solche  Kennlinien  erhält  man,  wenn 
man  über  der  Maschenweite  als  Abzisse  den  zugehörigen  Gesamt- 
rückstand in  Prozent  als  Ordinate  aufträgt.  Hierbei  muss  die 
Verbindung  der  gefundenen  Punkte  eine  stetig  verlaufende  Kurve 
geben.  In  einem  solchen  Diagramm  lassen  sich  ohne  weiteres  die 
entsprechenden  Rückstandswerte  auf  Siebgewebe  anderer  Normung, 
ausgehend  von  deren  Maschenweite,  abgreifen.  Die  Urheber  dieses 
Vorschlages^  Dr.-Ing.  Rosin  und  Dr.-Ing.  Rammler  empfehlen 
hierfür  das  in  Abbildung  2  dargestellte  U ebersetznr gsdiagramm. 
Als  Bezeichnung  der  Feinheit  im  Text  eines  Aufsatzes  schlagen  sie 
vor,  die  Feinheit  durch  die  Gesamtrückstandszahl  über  einem  schrägen 
Strich  und  die  Maschenzahl  je  cm-  unterhalb  eines  schrägen  Striches 
anzugeben,  also  z.B.  8/6  400  würde  bedeuten  8%  Gesamtrückstand 
bei  einer  Absiebung  des  Kohlenstaubes  auf  dem  deutschen  Normen- 
prüfsieb  Nr.  80  mit  6  400  Maschen/cm^  und  0,075  mm  Maschenweite, 
welches  entspricht  dem  amerikanischen  Normensieb  Nr.  200  mit 
200  Maschen  je  Zoll  linear  von  0,074  mm  Maschenweite.  Diese 
Bezeichnungsweise  hat  wegen  ihrer  Einfachheit  und  Eindeutigkeit 
in  Deutschland  bereits  mehrfach  Anwendung  gefunden. 

Leider  lässt  sich  jedoch  durch  die  Siebung  in  Korngrössenklassen 
nur  derjenige  Teil  erfassen,  der  gröbere  Korngrössen  aufweist  als 
der  Durchgang  durch  das  10  000  Maschensieb,  das  ist  aber  in  den 
meisten  Fällen  gewichtsmässig  erheblich  weniger  als  die  Hälfte. 
Bezieht  man  jedoch  den  charakterisierten  Teil  nicht  auf  das  Gewicht, 
sondern  auf  die  Oberfläche,  worauf  es  ja  vor  allem  bei  der  Ver- 
brennung ankommt,  so  wird  das  Bild  noch  ungünstiger. 

Die  Kornklassenterteilung  und  die  Unterst  chun g  kleinster  Korn- 
grössen.— Um  daher  weitere  Aufschlüsse  und  über  den  Verlauf  einer 
sogenannten  Kornverteilungskurve  auch  in  dem  feineren  Bereich 
einige  Anhaltspunkte  zu  gewinnen,  musste  nach  einem  anderen 
Verfahren  Umschau  gehalten  werden.  Eine  solche  Kornverteilungs- 
kurve    entsteht     durch     Differentiation    einer   Kennlinie,     wofür 

•Siehe     3.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrates; 
Zeitschrift  "Archiv  für  Wärmewirtschaft"  Heft  2,  Jahrgang  1926,  erhältlich 
im  Verlag  des  Vereins  Deutscher  Ingenieure, .Berlin  NW  7. 
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Abb.  3.    Kennlinie  und  Kornverteilungskurve  von  Kohlenstaub. 
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Abbildung  3  ein  Beispiel  gibt.  Bei  der  Korngrösse  0  muss  die  Kenn- 
linie durch  den  Punkt  100%  Rückstand  gehen.  Die  Kennlinie,  die, 
ausgehend  vom  gröbsten  Kern,  eine  steigende  Tendenz  aufweist, 
muss  demnach  irgendwo  mindestens  einen  Wende pimkt  besitzen,  der 
einem,  bezw.  dem  Maximum  der  Häufigkeit  des  Vorkommens  einer 
bestimmten  Korngrösse  entspricht.  Tatsächhch  ist  es  Dr.  Gonell 
in  der  Abteilung  für  Baugewerbe  des  Staatlichen  Material-Prüfungs- 
amtes in  Berlin-Dahlem  unter  Professor  Dr.  Burchartz  gelungen 
mittels  eines  Feinwindsich ters  eine  Unterteilung  des  Allerfeinsten  in 
verschiedene  Kornklassen  zu  erreichen.  Dr.  Gonell  benutzt  einen 
Luftstrom,  dessen  Stärke  genau  geregelt  ist,  und  bläst  damit  auf 
den  in  dem  kelchähnlichen  unteren  Ende  eines  senkrecht  stehenden 
zylindrischen  Rohres  lagernden  Kohlenstaub,  der  kräftig  durch- 
gewirbelt und  mit  hochgenommen  wird.  In  dem  nach  der  kelch- 
ähnüchen  Erweiterung  folgenden  zyHndrischen  Stück  beruhigt 
sich  der  Strom  und  die  groben  Teilchen  fallen  in  den  Wirbelraum 
zurück,  während  die  feinen  Teilchen  mit  herausgenommen  werden. 
Es  ist  Dr.  Gonell  gelungen,  Kohlenstaub  in  Korngrössenklassen 
von  10  :  10  /x  zu  zerlegen  und  andere  Stoffe  bereits  in  Korngrössen- 
klassen zu  2  jtx. 
Die  Feinheit  und  Struktur  des  Kohlenstaubes  in  Abhängigkeit  von 
Kohlensorte  und  Mahlweise. — Eine  weitere  Frage  ist,  wieweit  sich 
die  Kohlensorte  und  die  Mahlweise  auf  die  Feinheit  von  Kohlen- 
staub bemerkbar  machen.  In  ihrem  diesbezüglichen  Bericht 
"Feinheit  und  Struktur  des  Kohlenstaubes  unter  dem  Einfluss  von 
Mühlen- und  Kohlenart  "kommen  auf  Grund  umfangreicher  Mahl  ver- 
suche mit  vier  verschiedenen  Mühlen  und  fünf  verschiedenen  Kohlen- 
sorten Dr.-Ing.  Rosin  und  Dr.-Ing.  Rammler  zu  dem  Schluss,  dass 
ein  deutlicher  Einfluss  der  Kohlensorte  ttnd  der  Mahlweise  auf  den 
Verlauf  der  Kennlinien  kaum  erkennbar  ist.  Die  ursprüngUch 
ebenfalls  angenommene  Unabhängigkeit  von  der  Sichtungsweise 
wurde  später  von  dem  Verfasser  widerrufen,  da  sich  die  Neigung 
der  KennHnie  bei  Ergebnissen  von  Versuchen  an  einer  FuUermühle 
mit  Siebsichtung  viel  steiler  einstellte  als  bei  Versuchen  an  Mühlen 
mit  Windsichtung.  Durch  zahlreiche  Mikrophotographien  wird 
gezeigt,  dass  die  einzelnen  Kohlenstaubsorten  in  ihrer  Korngestalt 
verhältnismässig  geringe  Unterschiede  aufweisen.  Allerdings  zeigen 
einzelne  Braunkohlensorten  einen  etwas  mehr  faserigen  Charakter. 
Irgendwelche  Unterschiede  in  der  Korngestalt  in  Abhängigkeit  von 
der  Mahlweise  konnten  nicht  festgestellt  werden.  Desgleichen 
gaben  auch  die  Mikrophotographien  keinerlei  Anhaltspunkte,  dass 
die  ¥e\n\iQ.\isverteilung  durch  die    Mühlenbauart    oder  Mahlweise 
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irgendwie  wesentlich  beeinflusst  wird.  Daraus  ziehen  die  Verfasser 
den  Schlusss,  dass  also  in  Bezug  auf  die  verbrennungstechnische 
Eignung  des  erzeugten  Staubes  alle  untersuchten  Mühlenbauarten 
einen  Staub  liefern,  der  gleich  geeignet  für  die  Verfeuerung  ist, 
und  dass  daher  ausschlaggebend  für  die  Wahl  von  Kohlenstaub- 
mühlen die  Betriebs-  und  Anschaffungskosten  je  Tonne  erzeugten 
Kohlenstaubes  sein  müssen. 

Die  Feinheit  natürlich  anfallenden  Kohlenstaubes. — Zu  klären  war 
endlich,  ob  der  bei  der  Kohlengewinnung  und  -Aufbereitimg  sich 
ergebende  Staub  fein  genug  ist,  um  den  Bedürfnissen  der  Kohlen- 
staubfeuerung zu  entsprechen. 

Auf  den  Steinkohlenzechen  wird  bereits  häufig  der  Staub  durch 
Jalousie  artige  Windsichter  abgesaugt,  bevor  die  Kohle  in  die 
eigentlichen  Aufbereitungsarbeitsgänge  (Klassierung,  Wäsche,  Flota- 
tion usw.)  eingeführt  wird.  Die  Feinheit  hängt  hierbei  von  der  Art 
und  Stärke  der  Absaugung  ab  und  ist  meist  zu  ungleichmässig,  als 
dass  die  Kohle  sofort  in  der  Feuerung  Verwendung  finden  könnte. 
Man  findet  daher  auf  solchen  Anlagen  meist  eine  Mahlanlage,  die 
das  noch  zu  grobe  Korn  auf  die  nötige  Feinheit  bringt.  Man  hat 
neben  der  Gewinnung  von  Kohlenstaub,  der  bereits  zum  Teil  den 
Anforderungen  entspricht,  ausserdem  noch  den  weiteren  Vorteil 
einer  wesentlichen  Entlastung  der  Kohlenwasch-  und  Flotations- 
anlage, wodurch  diese  wieder  leistungsfähiger  wird. 

Auf  Braunkohlen  frühen  wird  zwar  der  in  der  Kohle  enthaltene  Staub 
meist  ohne  Nachteil  mit  zu  Briketts  verpresst.  Bei  manchen 
Kohlen  ist  er  in  gewisser  Menge  sogar  zur  Erzielung  eines  festen 
Briketts  nötig.  Trotzdem  aber  fiel  schon  immer  gesondert  Staub 
in  den  Ertstaiibifrgsan lagen  an.  Mit  diesem  Staub  befassen  sich  eine 
Reihe  von  Untersuchungen,  die  mit  Unterstützung  des  Kohlen- 
staubausschusses des  Reichskohlenrates  und  im  Auftrage  des 
Staubausschusses  des  Deutschen  Braunkohlen-Industrie-Vereins 
durchgeführt  wurden.  In  ihrem  ersten  Bericht  "Untersuchungen 
über  die  Feinheit  des  in  Brikettfabriken  entstehenden  Staubes  und 
seine  Verwendung  zur  Kohlenstaubfeuerung,"^*^  kommen  Dr.-Ing. 
Rosin  und  Dr.-Ing.  Rammler  zu  dem  Ergebnis,  dass  hinsichtlich  der 
Feinheit  ein  grosser  Teil  des  in  Braunkohlenbrikettfabriken  entste- 
henden Staubes  für  die  Staubfeuerung  geeignet,  zum  Teil  sogar 
vorzüglich  ist.     Die   von   diesen   Stäuben   ermittelten   Kennlinien 

1°  Siehe    4.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrates, 
erhältlich  auf  dessen  Geschäftsstelle  Berlin  W15; 
1 .  Berichtsfolge  des  Ausschusses    für     Braunkohlenstaub    des    Deutschen 
Braunkohlen-Industrie-Vereins,    erhältlich  im   Verlag   Wilhelm    Knapp, 
Halle/Saale. 
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zeigen  etwas  anderen  Charakter  als  die  gewöhnlich  aus  Mahlanlagen 
hervorgegangenen.  Dementsprechend  hat  bei  solchen  Entstau- 
bungsstäuben  die  Beurteilung  nicht  wie  üblich  nach  dem  Rückstand 
auf  dem  Sieb  mit  4  900,  sondern  auf  dem  Sieb  mit  900  und  1  600 
Maschen  cm^  zu  geschehen.  Die  Feuchtigkeitsgehalte  der  trocken 
niedergeschlagenen  Staube  genügen  den  feuerungs-  und  transport- 
technischen Anforderungen.  Dagegen  entzieht  die  nasse  Ent- 
staubung der  Staubfeuerung  grosse  Mengen  wertvollsten  Materials. 

Ein  weiterer  Bericht^^  bringt  "Untersuchungen  über  den  Gehalt 
der  Brikettierkohle  an  Kohlenstaub  und  seine  Verwendbarkeit  zur 
Staubfeuerung."  Hierin  wird  festgestellt,  dass  der  natürliche 
Kohlenstaubgehalt  der  Brikettierkohle  in  demselben  Betrieb  selbst 
während  kurzer  Betriebsperioden  stark  schwankt  und  in  den  ver- 
schiedenen Stadien  des  Aufbereitungsprozesses  beträchtlichen 
Veränderungen  unterworfen  ist .  Im  allgemeinen  ist  eine  Neubildung 
von  Kohlenstaub  durch  das  Nachwalzwerk,  meist  auch  durch  die 
Mahlwirkung  der  Schnecken,  festzustellen.  Dabei  erfährt  der 
Kohlenstaub  auf  dem  Wege  zu  den  Pressen  gleichzeitig  eine  Feinung. 
Der  durchschnitthche  Kohlenstaubgehalt,  vor  den  Pressen  gemessen, 
ergab  sich,  vorsichtig  gerechnet,  je  nach  den  besonderen  Verhält- 
nissen zu  10  bis  20  v.H.  der  Produktion  an  Brikettierkohle  und  wird 
vereinzelt  noch  höher  liegen. 

Eine  dritte  Untersuchung^^  klärt  die  Frage,  wie  weit  es  praktisch 
möglich  ist,  mit  Rücksicht  auf  die  Brikettbeschaffenheit,  den  Betrieb 
der  Brikettfabrik  und  die  maschinelle  Einrichtung,  diese  Kohlen- 
staubquelle auszunutzen. 

Bei  den  weiteren  Untersuchungen  über  die  "Wirtschaftlichkeit  der 
Brennstaubgewinnung  in  Brikettfabriken''^^  spielen  die  Transport- 
kosten des  brennfertigen  Braun-Kohlenstaubes  auf  der  Eisenbahn 
eine  wesentliche  Rolle.  Die  Verfasser  glauben,  dass  für  die  mittel- 
deutschen Verhältnisse  eine  Staubentnahme  bis  zu  10  v.H.  der 
Brikettproduktion  ohne  die  Errichtung  von  Mahlanlagen  eine 
Erweiterung  der  Produktionsbasis  durch  Kohlenstaubverkäufe 
ergeben  würde  und  wirtschaftlichen  Gewinn  bringt,  auch  wenn  an 
der  Tonne  Kohlenstaub  ein  geringerer  Preis  als  je  Tonne  Briketts  in 
Kauf  genommen  werden  muss.  Trotzdem  in  Deutschland  auf 
diese  Weise  nicht  unerhebliche  Mengen  an  Kohlenstaub  gewonnen 

^^Siehe    9.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrates; 
2.  Berichtsfolge    des    Ausschusses    für    Braunkohlenstaub  des  Deutschen 

Braunkohlen-Industrie-Vereins. 
1*2.  Berichtsfolge   des   Ausschusses  für  Braunkohlenstaub    des    Deutschen 

Braunkohlen-Industrie-Vereins. 
"3.  Berichtsfolge  des  Ausschusses  für  Braunkohlenstaub. 
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werden  könnten, — Dr.  Rosin  und  Dr.  Rammler  rechnen  allein  für 
das  Gebiet  des  Mitteldeutschen  Braunkohlen-Bergbaues  jährlich 
mehr  als  2  Millionen  Tonnen  an  entzogenem  natürlichem  Staube — 
wird  von  der  tatsächlich  heute  verbrannten  Menge  noch  der  grösste 
Teil  durch  Mahlanlagen  bereitgestellt. 

Die  Vermahlung  zu  Kohlenstaub 

Die  äussere  Charakteristik  der  Kohlenstatihniühlen . — Eine  Ueber- 
sicht  und  Einteilung  der  zur  Vermahlung  von  Kohlenstaub 
eingeführten  Mühlen  gibt  Direktor  Barthehness  in  seinem 
Aufsatz  "Kohlenstaubmühlen,  Langsamläufer  oder  Schnelläufer?"^* 
Er  imterscheidet  Schleudermühlen,  Fhehkraftmühlen,  Schwerkraft- 
mühlen und  Federmühlen,  wobei  er  die  beiden  ersten  als  Schnelläufer, 
die  beiden  letzten  als  Langsamläufer  bezeichnet,  ausgehend  davon, 
dass  auch  bei  den  Federmühlen,  wozu  vor  allen  Dingen  die 
Dreiwalzen-Ringmühlen  gehören,  der  Mahlring  eine  verhältnis- 
mässig niedrige  Umdrehungszahl  aufweist.  Die  von  ihm  gebrachte 
Darstellung  gibt  eine  äussere  Charakteristik  für  die  einzelnen 
Bauarten. 

Die  innere  Charakteristik  der  Kohlenstauhmühlen. — Dr.  Rosin  da- 
gegen befasst  sich  in  seinem  Aufsatz  "Kennzeichnung  von  Kohlen- 
staubmühlen"^^  mehr  mit  der  inneren  Charakteristik  der  Kohlen- 
staubmühlen. Er  unterscheidet  sieben  Grundbegriffe,  nämlich 
den  Leerlauf -Kraftbedarf  N^,  den  Brutto-  oder  Gesamtbedarf  Np, 
den  Netto-  oder  Zusatzkraftbedarf  N>^.,  um  den  sich  der  Leerlauf- 
Kraftbedarf  durch  Belastung  ändert,  die  Normalleistung  bezw.  die 
normale  stündüche  Durchsatzleistung  L^,  für  die  bei  bestimmter, 
gleichbleibender  Feinheit  der  auf  die  Tonne  erzeugten  Staubes 
bezogene  Gesamtkraftbedarf  am  niedrigsten  ist,  ferner  die  Effek- 
tivleistung Lg,  das  ist  die  ^atsächhch  erzielte  Durchsatzleistung  in 
t/h,  femer  den  Normalarbeitsbedarf,  das  ist  der  Arbeitsbedarf  in 
kWh  je  Tonne  Stauberzeugung  bei  Normallast,  und  endlich  den 
effektiven  Arbeitsbedarf,  das  ist  die  Gesamtarbeit,  bezogen  auf  die 

Le      o 
Tonne  tatsächhch  erzeugten  Staubes.     Sei  das  Verhältnis—  =ß  als 

Lq 

Belastungsgrad  bezeichnet,  so  ergibt  sich  für  die  Gesamtarbeit  Ag 

als  Summe  aus  Leerlauf-  und  Zusatzarbeit  die  Beziehung 
h,= kWh/t. 

ß_}:o 

^*2.   Berichtsfolge  des   Kohlenstaubausschusses  des   Reichskohlenrates; 

Zeitschrift  "Archiv  für  Wärmewirtschaft,"  1925,  Heft  8,  Seite  213. 
^^2.   Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrates. 
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Der  Kraßbedarf  von  Kohlenstaiibmühlen . — Während  im  allgemeinen 
bei  den  meisten  Mühlenbauarten  der  Leerlaufkraftbedarf  niedriger 
ist  als  der  Arbeitsbedarf  bei  belasteter  Mühle,  kann  es  bei  den 
Schwerkraftmühlen  vorkommen,  dass  der  Leerlaufkraftbedarf 
höher  liegt.  Nach  den  Untersuchungen  von  Dr.  Rosin  und  Dr. 
Rammler^ ^  hat  die  Fliehkraftmühle  mit  Siebsichtung  den  niedrigsten 
Leerlauf-Kraftbedarf,  und  setzt  man  diesen  gleich  1 ,  so  ergibt  sich  der 
Leerlauf- Kraftbedarf  der  anderen  Mühlen  wie  folgt: 


Anteil  des 

Leerlaufs  am 

Leerlauf- 

Gesamtkraft- 

Kraft: 

bedarf: 

v.H. 

1 

ungefähr         35 

1,16 

50 

1,5 

55 

3,75 

60 

5 

98 

Fliehkraftmühle 

Federmühle  mit  Windsichtung 

Fliehkraftmühle  mit  Windsichtung 

Schleudermühle 

Schwerkraftmühle 

Da  bei  dieser  Betrachtungsweise  der  Leerlaufkraftbedarf  als  eine 
konstante  Grösse  angenommen  werden  kann,  so  ergibt  sich,  dass  der 
auf  die  Tonne  Staub  entfallende  Anteil  um  so  höher  ist,  je  geringer 
die  Mühle  mit  Staub  belastet  ist. 
Der  endgültige  Arbeitsbedarf  einer  Mühle  ist  dann  bedingt  durch: 

1.  die  Belastung, 

2.  die  absolute  Grösse  der  Leerlauf  kraft, 

3.  das  Verhältnis  von  Zusatz  und  Leerlauf-Kraftbedarf. 

Der  Arbeitsbedarf  einer  Mühle  wird  also  umso  höher,  je  schlechter 
die  Mühle  belastet,  je  kleiner  die  Mühlengrösse,  je  höher  der  Leerlauf- 
kraftbedarf  und  je  grösser  das  Verhältnis  von  Zusatz  zum  Leerlauf- 
kraftbedarf  ist.  Der  Gesamtarbeitsbedarf  der  Kohlenstaub  Ver- 
mahlung hängt  bei  gegebener  Mühle  ab  von  der  Belastung,  von  der 
Mahlfeinheit  des  Staubes  und  von  der  Mahlbarkeit  der  Kohle 
(Feuchtigkeit,  Festigkeit  und  sonstige  Eigenschaften).  Für  eine 
Kennzeichnung  der  Kohlenstaubmühlen  fordert  Dr.  Rosin  daher 
die  Ermittlung  des  Leerlaufkraftbedarfs,  der  Normaldurchsatz- 
leistung und  der  Zusatzkraft  für  wechselnde  Mahlfeinheit  und  für 
Kohlen  verschiedener  Mahlbarkeit. 

In  darauf  aufgebauten  weiteren  Untersuchungen  ermitteln  Dr. 
Rosin  und  Dr.  Rammler  den  Kraftbedarf  von  Kohlenstaubmühlen  in 
Abhängigkeit  von  Belastung,  Mahlbarkeit  und  Mahlfeinheit.  Die 
Versuche  ergaben,  dass  die  Zusatzarbeit  bei  gleicher  Mahlbarkeit 
und  gleicher  Windsichterstellung  unabhängig  von  der  Belastung 
und   konstant    ist,    oder   mit    andern    Worten:    die    Gesamtarbeit 

^•3,  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrates. 
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verläuft  in  Abhängigkeit  von  der  Belastung  nach  einer  gleichseitigen 
Hyperbel,  die  um  die  konstante  Zusatzarbeit  in  Richtung  der 
Ordinatenachse  verschoben  ist,  wenn  als  Abzisse  die  Mühlen- 
belastung und  als  Ordinate  die  Mahlarbeit  aufgetragen  wird.  Bei 
der  Untersuchung  der  Abhängigkeit  zwischen  Zusatzarbeit  und 
Feuchtigkeit  wurde  u.  a.  mitteldeutsche  Braunkohle  im  Schulz'schen 
Röhrentrockner  ohne  Schwierigkeiten  auf  2,1  v.H.  Feuchtigkeit 
herab  getrocknet.  Oft  wird  eine  so  weitgehende  Trocknung  als 
zwecklos  bezeichnet,  da  die  Kohlen  doch  an  der  Luft  sofort  wieder 
Feuchtigkeit  annehmen  und  sich  auf  ihren  hygroskopischen  Wasser- 
gehalt, der  in  diesem  Falle  über  10  v.H.  liegt,  selbsttätig  einstellen. 
Eingehende  Versuche  zeigten  aber  in  Uebereinstimmung  mit  den 
Ergebnissen  Dr.  Rammlers  im  Abschnitt  über  die  Feuchtigkeits- 
untersuchungen, dass  dies  nicht  so  ohne  weiteres  der  Fall  ist,  vor 
allen  Dingen,  wenn  freie  Oberflächen  vermieden  werden.  Die 
Versuche  zeigten,  dass  die  Zusatzarbeit  linear  mit  abnehmender 
Feuchtigkeit  fällt.  Für  gewöhnhch  wird  die  Trocknung  bei  Braun- 
kohle so  weit  getrieben,  als  es  die  BriketthersteUung  erfordert. 
Ob  dieser  Trockenheitsgrad  ebenfalls  für  eine  reine  Staub  erzeugende 
Grube  der  richtige  und  wirtschaftHchste  wäre,  müsste  nach  diesen 
Feststellungen  Dr.  Rosin's  erst  weiter  untersucht  werden.  Dass 
die  verschiedenen  Festigkeitseigenschaften  der  einzelnen  Kohlen- 
sorten sich  ebenfalls  auf  die  Mahlbarkeit  der  Kohle  auswirken,  und 
zwar  mehr  als  erwartet,  ist  bereits  festgestellt,  wird  aber  leider 
bei  Garantieangaben  häufig  ausser  acht  gelassen.  Untersuchungen 
zwecks  Ausarbeitung  von  Laboratoriums  ver  fahren,  um  die  relative 
Mahlbarkeit  verschiedener  Kohlensorten  bestinamen  zu  können, 
sind  noch  im  Gange. 

In  weiteren  Untersuchungen,  die  Dr.-Ing.  Rosin  gemeinsam  mit 
Obering.  E.  Schulz  im  Kraftwerk  Moabit  der  Berliner  Elektrizitäts- 
werke ausgeführt  hat^'  wurde  festgestellt,  dass  auch  der  Leerlauf- 
kraftbedarf von  4  gleichartigen  und  gleichgrossen  Ringwalzen- 
mühlen nach  2  Monaten  Betriebszeit  gewissen  Veränderungen 
unterworfen  war,  und  zwar  je  nach  Abnutzung.  Besonders  einge- 
hend wurde  der  Einfluss  der  Feuchtigkeit  auf  den  Kraftbedarf  und 
die  Mühlenleistung  untersucht  und  festgestellt,  dass  er  ausser- 
ordentlich gross  ist.  Bei  der  zur  Vermahlung  kommenden  klein- 
stückigen Steinkohle  scheiterte  eine  Vermahlung  einer  Kohle  von 
mehr  als  6  v.H.  Feuchtigkeit  daran,  dass  die  Kohlenzufuhr  sich 

i'9.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrates; 
Zeitschrift   "Archiv   für  Wärmewirtschaft  und   Dampfkesselwesen"    1927, 
Heft  3  and  4. 
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dauernd  verstopfte.  Der  Leistungsabfall  zwischen  0  und  6  v.H. 
Wassergehalt  betrug  etwa  60  v.H.  und  zwar  war  der  Durchsatz- 
leistungsabfall zwischen  0,5  und  2,25  v.H.  allein  30  v.H.  Abgesehen 
von  dem  höheren  Kraftbedarf  für  eine  Tonne  Staub  wird  dieser 
daher  ausserdem  noch  stärker  durch  Kapitaldienst  für  die  notwendige 
grössere  Mühlenanlage  belastet.  Weiterhin  ergab  sich,  dass  mit 
abnehmender  Durchsatzleistung  der  Mühle  auch  die  Mahlfeinheit 
abnahm,  was  somit  auch  bei  höherem  Wassergehalt  der  Kohle 
der  Fall  ist.  Dies  liegt  natürlich  nicht  nur  im  Verhalten  der 
Mühle,  sondern  auch  in  der  Wirkungsweise  des  damit  verbundenen 
Windsichters. 

Bei  den  folgenden  Untersuchungen,  die  an  einer  FuUermühle  im 
Grosskraftwerk  Hirschfelde  der  A.-G.  Sächsische  Werke  von  Dr.-Ing. 
Rosin  und  Dr.-Ing.  Rammler  durchgeführt  wurden,  wurde  fest- 
gestellt, dass  bei  Mühlen  mit  Siebsichtung,  im  Gegensatz  zu  den 
vorher  geschilderten  Versuchsergebnissen  mit  Windsichtermühlen, 
die  Mahlfeinheit  mit  sinkender  Belastung  zunimmt.  Rückstände 
auf  den  einzelnen  Sieben  nahmen  linear  mit  der  Belastung  ab.  Es 
verhalten  sich  also  Mühlen  mit  Siehsichtung  in  Bezug  auf  Feinheit 
bei  veränderlicher  Belastung  gerade  umgekehrt,  wie  Mühlen  mit 
Windsichtung.  Die  Zusatzarbeit  nahm  bei  diesen  Mühlenuntei 
suchungen  mit  abnehmender  Mühlenleistung  zu.  Sie  stieg  von 
13,9  kWh/t  bei  4,5  t/h  Durchsatz  entsprechend  40  v.H.  Rückstand 
auf  4  900,  auf  23,2  kWh/t  bei  1,68  t/h  Durchsatz  entsprechend 
21,9%  Rückstand  auf  4  900.  Mit  Rücksicht  auf  den  Arbeits- 
bedarf ist  also  bei  Mühlen  mit  Siebsichtung  eine  volle  Belastung 
der  Mühlen  noch  wichtiger,  als  bei  solchen  mit  Windsichtung. 
Da  man  aber  bei  einer  starken  Belastung  der  Mühlen  mit 
Siebsichtung  schlechtere  Feinheit  erhält  und  damit  den  Ausbrand 
beeinträchtigt,  hat  es  sich  als  notwendig  erwiesen,  durch  weitere 
Versuche  das  wirtschaftliche  Optimum  zu  ermitteln,  worüber  die 
Versuche  im  Gange  sind  und  vielleicht  bald  berichtet  werden  kann. 

Im  grossen  und  ganzen  betrachtet  zeigen  also  die  Versuche  vorL 
Dr.-Ing.  Rosin,  dass  eine  ganze  Reihe  von  Umständen  den  Durchsatz 
und  den  Kraftbedarf  einer  gegebenen  Mühlenkonstruktion  beein- 
flussen und  auf  welche  Gesichtspunkte  sonach  bei  der  Auswahl  einer 
Kohlenstaubmühle  Bedacht  genommen  werden  muss.  Sie  zeigen 
fernerhin,  dass  Garantieangaben  ohne  Berücksichtigung  der  Mühlen- 
belastimg,  der  Kohlenart  und  der  zur  Verfügung  stehenden  und  zu 
erzeugenden  Körnung  wertlos  sind. 

Es  erscheint  dem  Verfasser  dieses  Berichtes  von  Wichtigkeit, 
dass  diese   Erkenntnisse  internationale  Anerkennung  finden, 
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um  Schwierigkeiten  im  Geschäftsleben  bei  der  Abgabe  und 
Ueberprüfung  der  Garantien  für  Kohlenstaubmühlen  tunHchst 
zu  vermeiden. 

Richtlinien  für  Mühlenversuche. — Die  Ergebnisse  beweisen  klar, 
dass  eine  Mühlenuntersuchung  durch  Ermittlung  ihrer  Durch- 
satzleistung und  ihres  Kraftbedarfs  in  keiner  Weise  ein  vollständiges 
Bild  geben  kann.  Der  Kohlenstaubausschuss  des  Reichskohlenrates 
hat  daher  im  Einvernehmen  mit  dem  Verein  Deutscher  Ingenieure 
zu  Berlin  NW  7  Dr.-Ing.  Rosin  und  Dr.-Ing.  Rammler  beauftragt, 
ihre  Erfahrungen,  die  sie  bei  der  Durchführung  ihrer  überaus 
zahlreichen  Mühlenuntersuchungen  gemacht  haben,  niederzulegen 
und  in  Form  von  Richtlinien  für  M ühlejiunter suchungen  der  All- 
gemeinheit nutzbar  zu  machen.  Diese  sollen  den  Zweck  haben, 
allgemein  gültige  Bestimmungen  für  die  Durchführung  von 
Abnahme-,  Betriebs-  und  Forschungsversuchen  an  Kohlenstaub- 
mühlen zu  schaffen,  sodass  die  erzielten  Ergebnisse  allgemeine 
Brauchbarkeit  und  Vergleichswert  erhalten.  Es  ist  dabei  ins  Auge 
gefasst  worden,  dass  in  künftigen  Lieferverträgen  die  technischen 
Details  wegen  Durchführung  der  Abnahmeversuche  entfallen  können 
und  durch  einen  Hinweis  auf  diese  Richthnien  ersetzt  werden.  Der 
Entwurf  dieser  Richtlinien  wird  demnächst  veröffentlicht  und 
vom  Kohlenstaubausschuss  des  Reichskohlenrates  dem  Verein 
Deutscher  Ingenieure  zur  Eingliederung  in  seine  Sammlung  von 
Regeln  für  Abnahmeversuche  und  gegebenenfalls  zu  weiteren  Ver- 
handlungen mit  den  Lieferanten  von  Mühlen  übergeben  werden. 

Auch  das  Gebiet  von  Richtlinien  für  Mühlenuntersuchungen 
wiU  dem  Verfasser  als  geeignet  erscheinen,  dass  die  Welt- 
kraftkonferenz die  darin  nutzbar  gemachten  Erfahrungen 
international  zur  Aussprache  bringt  und  zur  Fassung 
internationaler  Grundsätze  verwertet,  die  bei  der  Untersuchung 
von  Kohlenstaubmühlen  zu  beachten  sind. 

Der  von  Dr.-Ing.  Rosin  und  Dr.  Ranmiler  ausgearbeitete 
Vorschlag  kann  hierfür  als  deutsche  Beratungsgrundlage 
dienen. 

Die  Mahltrocknung. — Von  besonderem  Interesse  dürften  noch  die 
Versuche  sein,  die  Dr.-Ing.  Rosin  und  Dr.-Ing.  Rammler  über 
die  Mahltrocknung  durchgeführt  haben. ^^  Die  Mahltrockmmg 
bezweckt,  die  Trocknung  in  die  Mühle  zu  verlegen,  indem  statt 
kalter  Luft  heisse  Gase  durch  das  Mahlaggregat  gesaugt  werden. 

^*Siehe   10.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrates; 
Zeitschrift  "Braunkohle"  1927,  Nr.  13  und  14  veröffentlicht  wurden. 
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Die  Mahltrocknung  ist  also  nur  bei  sogenannten  Luftstrommühlen 
anwendbar.  Der  Vorteil  der  Mahltrocknung  liegt  darin,  dass 
durch  den  Wegfall  der  selbständigen  Trockenanlage  mit  ihrem 
Bedarf  an  Kapitaldienst,  Löhnen,  Reparaturen  und  Kraft  eine 
Verbilligung  der  Staubaufbereitung  erzielt  wird.  Die  Versuche 
ergaben,  dass  für  Steinkohle  die  Mahltrocknung  bereits  als  genügend 
betriebssicher  bezeichnet  werden  kann,  dagegen  die  Betriebssicher- 
heit für  nasse  Braunkohle  noch  nicht  ganz  erreicht  ist;  denn  dafür 
sind  höhere  Gastemperaturen  nötig  und  ihre  Selbstentzündungs- 
möglichkeit ist  grösser.  Dr.  Rosin  und  Dr.  Rammler  fordern,  dass 
die  Kohle  schon  etwas  zerkleinert  in  den  Mahltrocknungsarbeits- 
gang  eingebracht  wird.  Der  wirtschaftliche  Vorteil  der  Mahltrock- 
nung— der  Wegfall  der  selbständigen  Trockenanlage  mit  ihrem 
Bedarf  an  Kapitaldienst,  Löhnen,  Reparaturen  und  Kraft — muss 
allerdings  zum  Teil  durch  eine  Erhöhung  des  Anlage-  und  Betriebs- 
kontos der  Vermahlung  erkauft  werden.  Doch  ist  es  z.B.  möglich, 
für  Steinkohle  bis  zu  15  v.H.  Feuchtigkeit  die  Trocknung  mit 
Kesselabgasen,  also  mit  billigster  Abfallwärme,  vorzunehmen.  Für 
Nassbraunkohle  scheint  eine  Mindestheizgastemperatur  von  500°C 
empfehlenswert  zu  sein,  wobei  möglichst  sauerstoffarme,  also  inerte 
Heizgase  verwendet  werden  sollen.  Mit  abnehmender  Heizgas- 
temperatur steigt  der  Arbeitsbedarf  wegen  der  Zunahme  der 
spezifischen  Leerlaufarbeit  der  Mühle,  der  Zusatzarbeit  und  der 
Exhaustorarbeit  je  Tonne  Kohlenstaub;  denn  die  Heizgasmenge 
je  kg  verdampftes  Wasser  muss  stark  ansteigen,  wenn  die  Heizgas- 
temperatur sinkt. 

Die  Untersuchungen  zeigten,  dass  bei  der  Mahltrocknung 
thermische  und  mahltechnische  Einflussgrössen  in  verwickeltem 
Wechselspiel  verknüpft  sind. 

Vergleich  verschiedener  Trocknerbau  arten. — In  seinem  Aufsatz 
"Kohlentrocknung  für  Staubfeuerung,"^^  bespricht  Obering.  DipL- 
Ing.  Bleibtreu  die  thermodynamischen  Grundlagen  der  Kohlen- 
trocknung besonders  im  Hinblick  als  Aufbereitungsvorgang  für 
die  Kohlenstaubfeuerung.  Er  geht  dabei  aus  von  dem  Wärmeauf- 
wand eines  verlustlosen  Trockners  und  stellt  fest,  dass  mit  abneh- 
mender relativer  Feuchtigkeit  der  Abluft  Luft-  und  Wärmeaufwand, 
vor  allem  im  Gebiet  niedriger  Ablufttemperaturen,  steigen.  Daher 
sind  möglichst  hohe  Sättigungen  der  Abluft  anzustreben.  Des- 
gleichen   steigen    Luft-   und    Wärmeaufwand   mit    zunehmendem 

^*9.  Berichtsfolge  des   Kohlenstaubausschusses  des  Reichskohlenrates; 
Zeitschrift   "Archiv  für  Wärmewirtschaft  und  Dampf kesselwesen"    1927 
Nr.  3,  erhältlich  im  Verlag  des  Vereins  Deutscher  Ingenieure,  Berlin  NW. 7. 
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Wassergehalt  der  Frischluft.  Die  Lüftung  der  Trockner  ist  daher 
für  das  schwülste  Sommerwetter  zu  berechnen.  Mit  wachsender 
Abnahme  der  Feuchtigkeit  steigen  bei  gleicher  Frischlufttemperatur 
die  Ablufttemperaturen.  Bei  geringerer  Abnahme  der  Feuchtigkeit, 
d.h.  bei  an  sich  schon  ziemlich  trockenen  Kohlen,  nimmt  der  Wärme- 
aufwand mit  zunehmenden  Anfangs-  und  Endtemperaturen  der 
Luft  stark  zu.  Andererseits  nimmt  mit  abnehmender  Abluft- 
temperatur  die  Luftmenge  und  damit  der  Umfang  der  Anlage  in 
unwirtschaftlicher  Weise  zu.  Bei  an  sich  ziemlich  trockenen 
Kohlen  ist  es  daher  nur  bedingt,  bei  feuchten  Brennstoffen  daher 
unbedingt  wirtschaftHch,  mit  möglichst  hohen  Frischluft-  und 
Ablufttemperaturen  zu  arbeiten.  Erniedrigt  man  den  Druck  im 
Trockner  oder  in  der  Mühle  mit  Mahltrocknung,  so  nimmt  infolge 
des  grösseren  spezifischen  Rauminhaltes  der  Luft  die  zum  Auf- 
trocknen von  1  kg  Wasser  erforderliche  Luftmenge  und  damit  der 
Wärmeaufwand  ab.  Diese  Abnahme  ist  jedoch  selbst  bei  Drücken 
von  650  und  550  mm  Quecksilbersäule  nur  unbedeutend.  Es  ist 
daher  nötig,  die  Trockneranlage  einer  scharfen  Betriebskontrolle  zu 
unterwerfen.  Eine  grundsätzliche  Ueberlegenheit  der  verschie- 
denen Trocknerbauarten  (Dampf  oder  Feuergas,  Gegenstrom  oder 
Gleichstrom)  besteht  nicht,  sondern  es  muss  von  Fall  zu  Fall  entschie- 
den werden,  welches  Verfahren  das  wirtschaftlichste  ist.  Dampf- 
trockner sind  in  der  Regel  in  der  Anlage  teurer  als  Feuergastrockner. 
Sie  haben  den  Vorzug  eines  einfachen  und  sauberen  Betriebes  und 
passen  sich,  vor  allem  auf  Kraftwerken,  dem  Wärmehaushalt  gut  an. 
Die  Feuergastrocknung  wird  vor  allen  Dingen  auf  Hüttenwerken 
zweckmässig  sein. 

Die  Windsichtung  von  Kohlenstaub. — Die  Versuche  an  den  Kohlen- 
staubmühlen Hessen  auch  erkennen,  dass  die  Sichtung  des  vermah- 
lenen  bezw.  aufgegebenen  Gutes  durch  die  Windsichter  noch 
stark  verbesserungsbedürftig  ist.  In  einer  Anlage  arbeiteten  zwei 
Mühlen  à  2,5  t/h  Durchsatzleistung  auf  einem  Windsichter,  der 
tatsächlich  nur  1,8  t/h  einigermassen  verarbeiten  konnte.  Bei  den 
schon  erwähnten  Untersuchungen  von  Dr.-Ing.  Rosin  und  Obering. 
E.  Schulz  im  Kraftwerk  Moabit^"  zeigte  sich,  dass  der  dort  eingebaute 
Windsichter  von  dem  in  den  Griessen  enthaltenen  Feinen  nur 
15%  in  den  Bunker  abgab,  während  die  übrigen  85°  o  wieder  der 
Mühle  zugeführt  wurden.  Weitere  Versuche  über  die  Windsich- 
tung sind  daher  im  Gange,  und  es  sei  auf  diesen  Fragenkomplex 
besonders  aufmerksam  gemacht,  denn  der  Durchsatz  einer  Mühle 
ist  dem  Windsichter- Wirkungsgrad  proportional. 

^^Siehe  9.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrates. 
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Die  Aufbereitungskosten  für  Kohlenstaub. — Angeregt  durch  diese 
Untersuchungen  von  Dr.  Rosin,  Dr.  Rammler  und  Schulz  hat  Dipl.- 
Ing.  Schultes  Untersuchungen  angestellt,  wie  sich  die  Aufbereitungs- 
kosten von  Stein  kohlenstau  b  verändern,  wenn  man  die  vorhin  ge- 
schilderten Einflüsse  auf  die  Vermahlung  berücksichtigt,  so  z.B. 
den  Kraftbedarf  in  Abhängigkeit  von  der  Mühlengrösse  und  der 
Mühlenbelastung,  vor  allem  aber  auch,  wenn  man  für  die  Mahlanlage 
nicht  eine  volle,  sondern  nur  stundenweise  Ausnutzung  annehmen 
kann  und  auch  noch  Reserveanlagen  nötig  sind.  Während  im 
allgemeinen  die  Aufbereitungskosten  (für  Vermahlung,  Sichtung 
usw.)  je  Tonne  Kohlenstaub  auf  der  Grube  zu  1,50  bis  2,50  M  je 
Tonne  Kohlenstaub  veranschlagt  werden,  errechnet  Schultes,  dass 
sie  sich  bei  schlecht  ausgenutzten  Anlagen,  die  nur  zeitweise  im 
Betrieb  sind,  bis  auf  10, -M  je  Tonne  steigern  können.  Wird  dann 
am  Verbrauchsort  noch  Trocknung  nötig,  sei  es  dass  auch  nur  eine 
vorübergehende  zu  starke  Feuchtigkeit  der  Kohle  zur  Errichtung 
einer  Trockenanlage  zwingt,  so  können  auch  hier  noch  Kosten  bis 
zu  9,-M  je  Tonne  im  ungünstigen  Fall  erwachsen.  Es  ist  daher 
fraglich,  ob  nicht  ein  Bezug  brennfertigen  Staubes  auch  trotz  der 
hohen  Frachtsonderbelastung,  die  darauf  in  Deutschland  ruht,  in 
vielen  Fällen  noch  wirtschaftlicher  ist.  Bei  Braun kohlenstaiib,  wo 
gewöhnUch  die  Aufbereitung  (besonders  die  Trocknung)  mit  der 
Kraftwirtschaft  und  Brikettherstellung  verknüpft  ist,  liegen  die 
Verhältnisse  wesentlich  anders.  Hier  kommt  für  aussenstehende 
Verbraucher  meist  nur  der  Staub-Bezug  in  Frage. 

Kohlenstaubtransport  auf  der  Eisenbahn 

Bauarten  von  Kohlenstaubeisenbahnsonderwagen. — Die  technische 
Seite  der  Versendung  des  Kohlenstaubes  machte  zuerst  nicht  uner- 
hebliche Schwierigkeiten.  Es  war  klar,  dass  der  Kohlenstaub  nicht 
in  offenen  Waggons  versandt  werden  konnte,  schon  allein  wegen 
der  grossen  Aufwirbelungsgefahr  bei  jedem  entstehenden  Luftzug. 
Aber  auch  die  Flüssigkeit  des  Staubes,  der,  frisch  in  ein  Gefäss 
gefüllt  und  noch  mit  Luft  vermischt,  flüssig  ist  wie  Wasser,  Hess  den 
Kohlenstaub  durch  die  kleinsten  Ritzen  und  Löcher  in  ungeahnter 
Weise  au^fliessen,  und  man  schritt  daher  rasch  zum  Bau  von 
Eisenbahnsonderwagen,  zunächst  in  Anlehnung  an  die  Konstruktion 
für  die  Tankwagen  zum  Oeltransport.  Es  entwickelten  sich  im 
Laufe  der  Zeit  im  wesentlichen  drei  Bauarten  von  Kohlenstaub- 
eisenbahnsonderwagen  (siehe  Abbildung  4): 

1.  die  sogenannten  Kübelwagen  mit  abhebbaren,  nach  unten 
erweiterten  Behältern,  die  durch  eine  Bodenklappe  verschlossen  sind 
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und  am  Verbrauchsort  auf  den  Bunker  aufgesetzt  werden  sollen. 
Bisher  ist  jedoch  über  die  praktische  Einführung  im  Grossbetriebe 
noch  nichts  bekannt  geworden. 

2.  Die  sogenannten  Langkesselwagen ,  bei  denen  ähnlich  wie  bei 
den  Oeltankwagen  ein  liegender,  zylindrischer  Kessel  fest  auf  dem 
Rahmen  des  Eisenbahnwagens  aufliegt.  Nach  unten  trägt  der 
Zylinderkessel  trichterförmig  ausgebildete  Mündungen,  in  die  die 
Auflockerungsvorrichtung  eingebaut  und  aus  denen  Staub  mittels 
Saug-  und  Druckluft  durch  Rohrleitungen  entladen  wird.  Diese 
Bauart  wurde  von  verschiedenen  Firmen  neuerdings  zu  Gunsten 
der  im  Folgenden  beschriebenen  Bauart  verlassen. 

3.  Bei  den  sogenannten  Stehkesselwagen  sind  auf  dem  Rahmen 
des  Eisenbahnsonderwaggons  2  oder  3  stehende  Behälter,  meist 
zylindrischen  Querschnittes,  aufgesetzt,  die  nach  oben  und  unten 
kegelförmig  abgeschlossen  sind,  wobei  der  Kegel  nach  unten 
verhältnismässig  steil  ausgezogen  ist.  Während  die  oberen  Kegel 
an  ihrem  Ende  gut  verschliessbare  Mannlöcher  tragen,  sind  an  dem 
nach  unten  angesetzten  Kegeltrichter  die  Pressluft-Auflockerungs- 
vorrichtungen und  die  Entladerohre  angebracht.  Die  Entladung 
erfolgt  auch  hier  durch  Rohrleitungen,  meist  mittels  Druck-,  manch- 
mal auch  mittels  Saugluft.  Die  Waggons  werden  z.Zeit  für  15  bis 
30  t  Fassungsraum  gebaut,  doch  sind  noch  grössere  Typen  in  Vor- 
bereitung. 

Infolge  des  geringen  Schüttgewichtes  des  Kohlenstaubes  kann  der 
Laderaum  dieser  Waggons  verhältnismässig  schlecht  ausgenutzt 
werden,  bezw.  muss  der  Laderaum  sehr  gross  gehalten  werden.  Es 
sind  bereits  Konstruktionen  entwickelt  worden,  die  durch  Rütteln 
der  Behälter  beim  Beladen  das  Schüttgewicht  erhöhen  und  dadurch 
die  Beladungsmöglichkeit  bei  gegebenem  Raum  vergrössem.  Doch 
hat  sich  dieses  Verfahren  noch  nicht  eingebürgert.  Manche  Werke 
helfen  sich  damit,  dass  sie  entweder  die  Beladung  verhältnismässig 
langsam  vornehmen,  so  dass  sich  der  Staub  von  selbst  etwas  setzt 
und  der  Luft  Zeit  zmn  Entweichen  gegeben  wird,  oder  aber  sie  geben 
dem  Waggon  durch  die  Lokomotive  ein  paar  kräftige  Rangierstösse. 
Neuerdings  ist  durch  Versuche^^  festgestellt  worden,  dass  das 
Schüttgewicht  erhöht  werden  kann  dadurch,  dass  man  den  Kohlen- 
staub beim  Beladen  einem  Vakuum  in  dem  Behälter  aussetzt.  Die 
Versuche  darüber  sind  noch  im  Gange. 

^^Die  Versuche  wurden  gemeinsam  von  der  Deutschen  Reichsbahn  und  vom 
Reichskohlenrat  unter  Mitarbeit  der  technischen  Hochschule  Hannover 
durchgeführt. 
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NormungsarheitenanKohlenstauheisenbahnsonderwagen. — Schwierig- 
keiten ergaben  sich  bei  der  Verwendung  solcher  Sonderwagen  da- 
durch, dass  die  einzebien  Firmen  die  verschiedenartigsten  Anschlüsse 
an  die  Entladeleitungen,  Beladeleitungen,  Pressluftzuführungen  und 
auch  für  die  Mannlochöffnung  vorgesehen  hatten.  Es  wurde 
daher  allmählich  an  einzelnen  Stellen  nötig,  sich  ein  ganzes  Lager 
von  Zwischenstücken  zu  halten.  Aus  diesem  Grunde  wurde  auf 
gemeinsames  Betreiben  des  Staubausschusses  des  Deutschen 
Braunkohlen-Industrie-Vereins  und  des  Kohlenstaubausschusses  des 
Reichskohlenrates  unter  dem  Vorsitz  von  Oberbaurat  Zeuner  im 
Verein  mit  den  Vertretern  der  Waggonbauindustrie  eine  vorläufige 
Normung  für  die  Anschlussmasse  dieser  Sonderwagen  in  die  Wege 
geleitet,  die  vor  allen  Dingen  für  die  Bauart  der  Stehkesselwagen 
gedacht  ist. 

Die  Vorschläge  sind  veröffentlicht  in  den  Mitteilungen  des 
Deutschen  Normenausschusses  Berlin  NW  7,  Dorotheenstr.  47, 
vom  15.  Dez.  1927. 

Entladeversuche  an  Eisenbahnsondenvagen . — Während  der  Kohlen- 
staub vor  dem  Transport  beim  Einfüllen  flüssig  ist  wie  Wasser,  sackt 
er  bei  längerem  Lagern  und  bei  dem  Rütteln  während  des  Trans- 
portes mehr  oder  weniger  zusammen.  Da  setzte  früher  die  Schwie- 
rigkeit ein,  den  Staub  zu  entladen.  Die  Firmen  rüsteten  daher  die 
Waggons  mit  verschiedenen  Vorrichtungen  aus,  die  bei  der  Ent- 
ladung den  Staub  auflockern  sollen.  Da  die  Entladung  in  den 
meisten  Fällen  mit  Druck-  oder  Saugluft  aus  den  Mündungen  der 
nach  unten  ausgezogenen  Trichter  vorgesehen  war,  wurde  zum 
Auflockern  meist  Pressluft  verwendet. 

Ueber  die  ersten  Versuche  mit  solchen  Waggons  berichtet  in  der 
2.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrates 
Direktor  Dipl.-Ing.  Schulte.  Es  wurden  fünf  verschiedene  Waggons 
mit  Kohlenstaub  beladen  und  zirka  110-200  km  auf  die  Fahrt 
gesandt.  Bei  diesen  Versuchen  konnte  ein  Teil  dieser  Waggons 
nicht  ordnungsgemäss  entladen  werden.  Auch  war  der  Luft  ver- 
brauch für  die  Entladung  noch  verhältnismässig  hoch.  Gute 
Auflockerung  des  Staubes  ergab  eine  Tellerdüse  und  ein  sogenannter 
Luftfräser.  Die  Wirkung  der  Tellerdüse  und  die  technischen 
Einrichtungen  dieser  Waggons  hat  später  Dipl.-Ing.  Schultes  in 
der  4.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlen- 
rates bezw.  in  der  Zeitschrift  "Glückauf"  näher  beschrieben.  Wert- 
volle Erfahrungen  über  "Kohlenstaubwagen  und  ihre  praktische 
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Verwendbarkeit    im    Betrieb"    teilt    auch    Direktor   Müller^^   jjjit. 
Heute  können  die  Schwierigkeiten  wohl  als  überwunden  gelten. 

Wirtschaftlichkeits fragen. — In  seinem  oben  erwähnten  Aufsatz 
hat  Schultes  festgestellt,  dass  der  Bezug  brennfertigen  Staubes  im 
Sonderwagen  auf  der  Eisenbahn  je  nach  der  Entfernung  von  30 
bis  750  km  Frachtmehrkosten  von  1,55  M  bis  5,56  M  je  Tonne 
Kohlenstaub  erfordert.  Diese  entstehen  dadurch,  dass  an  und  für 
sich  der  Frachttarif  für  Kohlenstaub  derselbe  ist  wie  für  Kohle,  dass 
aber  für  den  Transport  von  brennfertigem  Staub  nur  Sonderwagen 
in  Frage  kommen,  die  nicht  von  der  Reichsbahn  gestellt  werden, 
sondern  von  den  Interessenten  selbst  zu  beschaffen  sind.  Infolge- 
dessen müssen  die  Interessenten  auch  für  den  Kapitaldienst  und 
die  Unterhaltskosten  dieser  Sonderwagen  aufkommen  und  ausser- 
dem müssen  sie  für  die  Rückfracht  dieser  Sonderwagen  noch  einen, 
wenn  auch  niedrigen,  aber  immerhin  in  Rechnung  zu  ziehenden 
Satz  von  5  M  je  Wagen  entrichten,  der  bei  einem  15  t-Wagen 
wiederum  jede  Tonne  Staub  mit  0,30  M  belastet. 

Wird  natürlich  durch  ungünstige  Verhältnisse  am  Verwendungsort 
die  Selbstaufbereitung  des  Kohlenstaubes  so  stark  verteuert,  wie 
vorhin  gezeigt  wurde,  so  erscheint  trotz  dieser  Frachtsonderbelastung 
der  Bezug  in  Kohlenstaubspezialwaggons  immer  noch  wirtschaftli- 
cher. Tatsächlich  hat  sich  auch  die  Versendung  von  Kohlenstaub 
auf  der  Eisenbahn  trotz  der  geschilderten  Erschwernisse  einiger- 
massen  entwickelt  und  es  gibt  in  Deutschland  bereits  mehrere 
Gruben,  die  einen  täglichen  Versand  von  mehreren  100  t  Kohlen- 
staub je  Tag  vornehmen. 

Sicherheitsfragen  beim  Umgang  mit  Kohlenstaub 

Auch  den  deutschen  Kohlenstaubanlagen  sind  Unglücksfälle  nicht 
erspart  geblieben.  Es  haben  daher  Bestrebungen  eingesetzt,  aus 
der  beteiligten  Industrie  heraus  die  gemachten  Erfahrungen^^  durch 
Aufstellung  eines  Merkblattes  in  Form  von  kurzen  Leitsätzen  nutz- 
bar zu  machen.  Es  wurden  zwei  Merkblätter  zusammengestellt 
(siehe  Anlage  3  und  4),  und  zwar  ein  "Merkblatt  zur  Vermeidung 
von  Gefahren  beim  Umgang  mit  Kohlenstaub"  und  ein  zweites 
"Merkblatt  für  die  Errichtung  von  Kohlenstaubanlagen,"  das  auf 
einen  Aufsatz  von  Dir.  Schulte  in  Essen  Bezug  nimmt.     In  diesem 

*-l.  Berichtsfolge  des  Ausschusses  für  Braunkohlenstaub  beim  Deutschen 
Braunkohlen- Industrie-Verein,  Halle/Saale. 

"Siehe  z.B.  Direktor  Dipl.-Ing.  Müller,  "Verhütung  von  Kohlenstaub- 
bunkerbränden," 2.  Berichtsfolge  des  Ausschusses  für  Braunkohlenstaub 
des  deutschen  Braunkohlen-Industrie-\'ereins, Verlag  Knapp,  Halle/Saale. 
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Aufsatz^*  sind  noch  verschiedene  Gesichtspunkte  angeschnitten, 
die  sich  bei  dem  heutigen  Entwicklungsstand  noch  nicht  in  Form  von 
straffen  Leitsätzen  fassen  lassen.  Die  Leitsätze  der  Broschüre  des 
Bureau  of  Mines  von  L.D.  Tracy  "Explosion  hazards  from  the  use  of 
pulverised  coal  at  industrial  plants"  erschienen  für  die  deutschen 
Verhältnisse  zu  weitgehend,  da  sie  offensichtlich  den  gegenteiligen 
Zweck  verfolgten,  nämlich  all  zu  grosse  Sorglosigkeit  zu  zerstreuen. 
Tatsächlich  ist  dem  Bestreben  der  beteiligten  deutschen  Industrien, 
von  sich  heraus  selbst  für  die  nötige  Sicherheit  der  Leute  und  des 
Betriebes  zu  sorgen,  die  Anerkennung  nicht  versagt  geblieben, 
indem  sich  die  einschlägigen  Behörden  die  Merkblätter  zu  eigen 
gemacht  haben.  Sie  machen  zunächst  den  Eindruck  einer  sehr 
dehnbaren  Fassung.  Es  sollte  aber  absichtlich  bei  der  überaus 
stürmischen  technischen  Entwicklung  jede  z.B.  zahlenmässige 
Einengung  vermieden  und  dem  Leser  nur  das  Wesen  der  Gefahren 
und  ihrer  Bekämpfung  gezeigt  werden. 

Untersuchungen  bei  der  Verwendung  von  Kohlenstaub 

Bauarten  von  Kohlenstaiihfeuerungen. — Während  sich  die  Tätig- 
keit der  wissenschaftlichen  Forschung  darauf  richtete,  Grundlagen 
für  die  Technik  zu  schaffen,  hat  sich  nebenher  in  Deutschland  die 
ausführende  Industrie  selbst  lebhaft  mit  der  praktischen  Gestaltung 
der  Kohlenstaubfeuerung  befasst.  Es  gibt  eine  Reihe  von  deutschen 
Firmen,  die  betriebsbrauchbare  kohlenstaubgefeuerte  Oefen  und 
Dampfkesselanlagen  bauen.  Wenngleich  vielfach  diese  Bauarten 
amerikanische  Vorbilder  nicht  verkennen  lassen,  so  sind  sie  doch 
alle  mehr  oder  minder  für  deutsche  Verhältnisse  passend  umgear- 
beitet worden.  Daneben  gibt  es  auch  eine  ganze  Reihe  von  Anlagen, 
die  in  vollkommen  selbständiger  Arbeit  entwickelt  wurden  und  in 
ihrer,  von  anderen  Ausführungsarten  stark  abweichenden  Bauart 
sich  im  Betrieb  einwandfrei  bewähren.  Es  sei  hier  als  bemerkens- 
werteste Beispiele  auf  die  Kraftanlage  der  Zeche  Friedrich  Ernestine 
bei  Essen  an  der  Ruhr  und  auf  das  Kraftwerk  Cuno-Werk  in 
Herdecke  bei  Hagen  in  Westfalen  verwiesen,  wobei  das  erstere 
durch  die  birnenförmige  Ausgestaltung  seiner  Brennräume  und  das 
zweite  durch  die  Anordnung  von  je  zwei  mit  Windsichtung  aus- 
gerüsteten, direkt  auf  den  Kessel  arbeitenden  Mühlen  ausgezeichnet 
ist.  Dagegen  ist  das  Grosskraftwerk  Klingenberg  in  Rummelsburg 
bei  Berlin,  die  grösste  deutsche  Kohlenstaubfeuerungsanlage,  mit 

^^Zeitschrift   "Archiv  für  Wärmewirtschaft  und   Dampf kesselwesen,"   Heft 
1.  April  1928,  Seite  107,  erhältlich  im  VDI-Verlag,  Berlin  NW  7. 
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einer  Zentralmahlanlage  ausgerüstet.  Für  Braunkohlenstaub  lagen 
überhaupt  fast  keine  Erfahrungen  vor  und  es  bedurfte  grosser 
Ingenieurkunst,  um  die  Voraussetzungen  für  das  jetzt  im  Betrieb 
befindliche  Grosskraftwerk  Bohlen  bei  Leipzig  zu  schaffen.  Auch 
für  Ofenbauarten,  herab  bis  zu  den  kleinsten  Schmiedeöfen,  gibt 
Dipl.-Ing.  Kaspers  in  der  Zeitschrift  "Braunkohle"  Heft  19  1927 
wertvolle  Erfahrungen  des  Rheinischen  Braunkohlensjmdikats 
wieder.  Ausführlicheres  über  die  Feuerungsbauarten  und  die 
Verbrennungsvorgänge  darf  einem  Sonderbericht  bei  nächster 
Gelegenheit  vorbehalten  bleiben. 

Abbrand  in  Kohlenstaub  gefeuerten  Wärmöfen. — Vielfach  war  der 
Kohlenstaubfeuerung  der  Vorwurf  gemacht  worden,  dass  bei  ihrer 
Anwendung  der  Abbrand  in  Wärmöfen  der  Eisenindustrie  grösser 
wäre  als  bei  der  Gasfeuerung.  Untersuchungen,  ob  dies  tatsächlich 
der  Fall  ist,  hat  im  Auftrage  des  Kohlenstaubausschusses  des 
Reichskohlenrates  Dr.-Ing.  Rummel  durchgeführt  und  in  der  11. 
Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrates 
darüber  berichtet. 

Es  ergab  sich,  dass  der  Abbrand  bei  allen  Oefen  stark  von  der 
Lage  der  Blöcke  zum  Gasstrom,  also  von  der  Stärke  des  Bespülens 
der  Blöcke  durch  die  Abgase,  abhängig  ist.  Die  bereits  bekannte 
Tendenz  der  Zunahme  des  Abbrandes  mit  steigender  Aufenthaltszeit 
im  Ofen  und  mit  steigender  Temperatur  wurde  in  Kurven  festgestellt. 
Ein  stärkerer  oder  schwächer  Abbrand  bei  Kohlenstaub  gegenüber 
Gasfeuerung  wurde  für  mittlere  Verhältnisse  nicht  festgestellt,  doch 
scheint  bei  sehr  kurzen  Aufenthaltszeiten  der  Abbrand  stärker  als 
bei  der  Gasfeuerung  zu  sein,  bei  längeren  Liegezeiten  dagegen 
schwächer  als  bei  Gasfeuerung.  Bei  kurzer  Durchsatzzeit  zeigte 
die  Höhe  der  Ziehtemperatur  keinen  sehr  grossen  Einfluss  auf  den 
Abbrand,  dagegen  ist  bei  hoher  Durchsatzzeit  dieser  Temperaturein- 
fiuss  recht  wesentlich. 

Flugasche  bei  Kohlenstaubfeuerungen. — Eine  neue  Gefahr  ist  der 
Kohlenstaubfeuerung  in  Deutschland  in  aller  letzter  Zeit  durch  die 
sich  ergebende  Flugaschenbelästigung  der  Umgebung  erwachsen. 
Noch  im  Jahr  1925  waren  in  Deutschland  die  führenden  Kohlen- 
staubtechniker der  Ansicht,  dass  auf  diesem  Gebiet  Schwierigkeiten 
nicht  zu  erwarten  sein  werden,  da  der  Teil  der  Flugasche,  der  den 
Schornstein  verlässt,  so  feinkörnig  ist,  und  so  fein  m  der  Luft 
verteilt  wird,  dass  er  als  Belästigung  nicht  in  Erscheinung  tritt. 
Bestärkt  wurde  diese  Ansicht  durch  einen  Bericht  aus  Amerika 
gelegentlich  der  Weltkraftkonferenz  1924.     Danach  wurde  dort  in 
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eine  grössere  Anlage  zur  Sicherheit  eine  elektrostatische  Staubab- 
scheidung eingebaut,  brauchte  aber  überhaupt  nicht  in  Betrieb 
genommen  zu  werden.  Es  mag  vielleicht  sein,  dass  hier  in  dem 
dicht  bevölkerten  Deutschland  schärfere  Anforderungen  gestellt 
werden.  Auf  jeden  Fall  ist  die  Notwendigkeit  eingetreten,  sich 
eingehend  mit  diesen  Fragen  zu  befassen  und  nach  Erfahrungen  in 
anderen  Ländern  Umschau  zu  halten. 

Sondergebiete  der  Kohlenstauhverwendung. — Auch  in  Sondergebiete 
der  Brennstoffverwendung  hat  die  Kohlenstaubfeuerung  Eingang 
gefunden.  Die  in  letzter  Zeit  in  einer  Reihe  von  Fachzeitschriften, 
im  vollen  Wortlaut  in  "Glasers  Annalen"  Nr.  4  and  5/1928,  er- 
hältlich im  Verlag  I.W.Glaser,  Berlin  SW,  Lindenstr.80,  veröffent- 
lichten Berichte  über  die  Erfolge  bei  der  Verfeuerung  von  Kohlen- 
staub auf  Lokomotiven  dürften  bekannt  sein.  Es  ist  mit  Sicherheit 
anzunehmen,  dass  diese  Erfolge  nicht  ohne  Einfluss  auf  den  Bau  von 
stationären  Kohlenstaubfeuerungen  bleiben  werden  und  den  in 
mancher  Hinsicht  von  den  Rostfeuerungen  etwas  eingeholten 
Vorsprung  der  Kohlenstaubfeuerung  wieder  von  neuem  verstärken. 
Sie  eröffnen  auch  einige  Aussicht,  dass  sich  nunmehr  die  Kohlen- 
staubfeuerung in  der  Schiffahrt  einführen  kann.  Tatsächlich  in 
Deutschland  durchgeführte  Versuche  auf  einem  Rheindampfer  der 
Firma  Stinnes  litten  seinerzeit  vor  allen  Dingen  unter  äusserst 
ungünstigen  Versuchsbedingungen.  Nunmehr  befindet  sich  wieder 
ein  Flussdampfer  im  Bau,  der  von  vornherein  günstige  Versuchs- 
bedingungen aufweisen  soll.  Endlich  sei  in  aller  Kürze  darauf 
verwiesen,  dass  an  zwei  Stellen  in  Deutschland  Dieselmotoren  mit 
Kohlenstaub  betrieben  werden. 

Wirtschaftliche  Untersuchungen  betr.  Verwendung  von  Kohlenstmib. — 
Eine  streng  neutrale  Aufklärung,  für  welche  Fälle  die 
Kohlenstaubfeuerung  mit  wirtschaftlichem  Vorteil  verwendet 
werden  kann,  gibt,  als  Vorbereitung  für  die  nachfolgende  Prüfung 
des  Einzelfalles  durch  den  Sachverständigen,  eine  Druckschrift 
des  Kohlenstaubausschusses  des  Reichskohlenrates,  die  als  seine 
6.  Berichtsfolge  "Gesichtspunkte  zur  Beurteilung  der  Kohlenstaub- 
feuerung nach  ihrem  derzeitigen  Entwicklungsstand"  veröffentlicht 
wurde.  Nach  einer  kurzen  Beschreibung  des  Wesens  der  Kohlen- 
staubfeuerung sind  zunächst  ihre  technischen  Eigenschaften  und 
ihre  Vor-  und  Nachteile  besprochen.  Sodann  folgen  Betrachtungen 
über  die  allgemeinen  wirtschaftlichen  Zusammenhänge  und  Ver- 
gleiche mit  anderen  Feuerungen,  wobei  für  die  allgemeine  Grössenord- 
nung  der  Kosten  Anhaltspunkte  gegeben  werden. 
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Bei  dieser  Gelegenheit  sei  noch  auf  einige  besonders  wichtige 
hierfür  einschlägige  Aufsätze  von  Dr.  Rosin^^  und  Direktor  Schulte 
hingewiesen.  28 

Die  Bedeutung  der  Kohlenstaubfeuerung  in  Deutschland 

Statistisches  über  ihre  Ausbreitung. — Ausser  in  der  Zementindustrie 
hat  die  Kohlenstaubfeuerung  erst  in  den  letzten  Jahren  grössere 
Verbreitung  gefunden,  in  diesen  Jahren  abereinegeradezustürmische 
Entwicklung  genommen.  Nach  einer  vom  Kohlenstaubausschuss 
des  Reichskohlenrates  auf  Grund  behördlicher  Unterlagen  zusam- 
mengestellten Statistik  der  Verfeuerung  von  Kohlenstaub  waren 
im  Jahre  1 926^^  in  Deutschland  in  2 1 6  Werken  Kohlenstaubanlagen 
in  Betrieb  und  in  78  Werken  Kohlenstaubanlagen  in  Bau,  darunter 
180  bezw.  128  Dampfkessel.  Während  aber  die  Heizfläche  der 
180  in  Betrieb  befindlichen  Kessel  nur  45  000  qm  betrug,  war  die 
Heizfläche  der  128  in  Bau  befindlichen  Kessel  87  000  qm.  Dies  ist 
dadurch  zu  erklären,  dass  vielfach  zuerst  kleine  Einheiten,  gegebe- 
nenfalls als  Versuchskessel,  mit  Kohlenstaubfeuerung  ausgerüstet 
wurden  und  femer  dadurch,  dass  die  beiden  neuerbauten  Gross- 
kraftwerke Klingenberg  bei  Berlin  und  Grosskraftwerk  Bohlen  bei 
Leipzig  vollständig  auf  Kohlenstaub  gestellt  wurden.  Der  gesamte 
Kohlenstaubverbrauch  der  im  Betrieb  befindlichen  Anlagen  war  in 
Deutschland  im  Jahre  1926  2  473  710  t,  wovon  noch  1,5  Millionen 
t  auf  die  Zementindustrie  mit  ihren  kohlenstaubgefeuerten  Drehrohr- 
öfen entfielen.  Der  nächst  grösste  Verbraucher  war  damals  der 
Steinkohlenbergbau  in  seinen  eigenen  Betriebsanlagen  und  dann 
die  Eisen-  und  Stahlindustrie  in  ihren  hüttenmännischen  Oefen. 

Im  Jahre  1927^^  stieg  der  Kohlenverbrauch  in  Deutschland  für 
die  in  Betrieb  befindlichen  Anlagen  auf  nicht  ganz  3,3  Millionen  t, 
wobei  die  Zementindustrie  wiederum  mit  1,5  Millionen  t  beteiligt 
ist.     Somit  hat  also  die  Verwendung  von  Kohlenstaub  auf  den 

^^Rosin:  "Wirtschaftlichkeit      der      Braunkohlenstaubfeuerung"  Zeitschrift 
"Braunkohle,"  30.  Juli  1927,  Verlag  Knapp,  Halle/Saale; 
"Braunkohlen-     und     Schwelstaubfeuerung    in     Kraftwerken"     in 
"Elektrizitätswirtschaft"  1927,  Seite  137,  Mitteilungen  der  Verei- 
nigung der  Elektrizitätswerke  e.V.,  Berlin  SW  48,  Wilhelmstr.  37. 

'^Schulte:  "Kohlenstaubfeuerungen    und    Sortenprobleme"    Zeitschrift 
"Glückauf"  1927,  Seite  1073,  Verlag  Glückauf,  Essen,  und 
"Wirtschaftliche    Grenzen    der    Kohlenabsatzgebiete,"    Zeitschrift 
"Glückauf,"  Seite  740.     Jahrgang  1926. 

^'Siehe  6.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrats. 

**Siehe  12.  Berichtsfolge  des  Kohlenstaubausschusses  des  Reichskohlenrats. 
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übrigen  Gebieten  sich  fast  verdoppelt.  Trotzdem  scheint,  wenn 
man  die  im  Bau  befindlichen  Anlagen  als  einen  Masstab  für  das 
Tempo  der  Entwicklung  betrachtet,  dieses  Tempo  etwas  gemildert 
zu  sein.  Unter  den  einzelnen  Industrien  hat  sich  in  Bezug  auf 
Kohlenstaub  verbrauch  die  Reihenfolge  kaum  verschoben.  Nach 
den  eingegangenen  Meldungen  wurden  nur  in  wenigen  Fällen 
Kohlenstaubfeuerungen  stillgelegt,  weil  sie  sich  nicht  im  Betrieb 
bewährten  oder  weil  sie  unwirtschaftUch  waren.  Die  meisten  von 
den  Stillegungen  fallen  entweder  unter  die  RationaHsierungs- 
massnahmen,  wobei  ganze  Werke  stillgelegt  wurden,  oder  aber  auf 
die  Stillegung  kleiner  Versuchsanlagen,  wobei  nach  deren  Bewährung 
eine  dafür  um  so  grössere  Neuanlage  errichtet  wurde.  Der  grösste 
Teil  der  im  Bau  befindlichen  Kohlenstaubfeuerungen  gehört  zu 
Fabrikanlagen,  in  denen  bereits  Kohlenstaub  Verwendung  findet. 

Stellen,  die  sich  besonders  mit  der  Forschung  befassen. — Zum  Schlüsse 
seien  noch  die  wichtigsten  Organisationen  genannt,  die  sich  in 
Deutschland  mit  den  Problemen  des  Kohlenstaubes  befassen.  Es 
sei  hierbei  zuerst  der  Kohlenstaubausschuss  des  Reichskohlenrates 
in  Berlin  W.15,  Ludwigkirchplatz  3-4,  aufgeführt,  der  sich  die 
Bearbeitung  allgemeiner,  die  ganze  Industrie  betreffender  Kohlen- 
staubfragen zur  Aufgabe  gesetzt  hat.  Spezielle  Fragen  des  Braun- 
kohlenstaubes bearbeitet  für  den  mitteldeutschen  Braunkohlen- 
bergbau der  Staubausschuss  des  Deutschen  Baunkohlenindustrie- 
vereins  Halle/Saale,  Riebeckplatz  4,  für  den  rheinischen  Braun- 
kohlenbergbau das  Rheinische  Braunkohlensyndikat,  Köln, 
Apostelnkloster  21/25,  für  den  Steinkohlenbergbau  bearbeitet  die 
einschlägigen  Fragen  ausser  den  Feuerungstechnischen  Abteilungen 
der  Steinkohlensyndikate  noch  besonders  der  Zechendampfkessel- 
Überwachungsverein  in  Essen,  Molkestr.  2a.  SelbstverständHch 
arbeiten  in  diesen  Fragen  auch  die  Kohlenforschungsinstitute,  die 
einschlägigen  Lehrstühle  der  Technischen  Hochschulen  und  die 
Laboratorien  der  Industriefirmen  und  der  grossen  Kraftwerke. 
An  Zeitschriften,  die  speziell  Kohlenstaubfragen  in  Deutschland 
behandeln,  seien  vor  allen  Dingen  genannt:  "Archiv  für  Wärme- 
wirtschaft und  Dampf kesselwesen,"  herausgegeben  vom  Verein 
Deutscher  Ingenieure,  Berlin  NW  7,  Friedrich  Ebert  Str.  27,  "Glück- 
auf," Verlag  Glückauf  m.b.H.,  Essen,  "Braunkohle,"  Verlag 
W. Knapp,  Halle/Saale,  Mühlweg  19,  "Stahl  und  Eisen,"  Verlag 
Stahleisen  m.b.H.,  Düsseldorf,  "Die  Wärme,"  Verlag  Rudolf  Mosse, 
Berlin  SW  19,  Jerusalemer  Str.  46/49,  "Feuerungstechnik,"  Verlag 
Otto  Spamer,  Leipzig  C.l,  Heinrichstr.9. 
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Zum  eingehenden  Studium  der  technischen  Seite  der  Kohlen- 
staubfeuerung sei  der  Bericht  von  Oberingenieur  Bleibtreu  über 
Kohlenstaubfeuerungen  an  den  Kohlenstaubausschuss  des  Reichs - 
kohlenrates  herausgegriffen,  der  in  Buchform  bei  dem  Verlag 
Springer,  Beriin,  Linkstr.    erschienen  ist. 
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RÉSUMÉ 

The  necessity  for  technical  research  into  the  properties  of  pulverised  fuel  is 
outlined.  Methods  of  analysis  and  physical  examination  are  described,  and 
the  author  gives  details  of  tests  for  the  determination  of  moisture  and  ash  in 
pulverised  fuel.  The  hygroscopic  property  of  fine  coal  is  discussed,  and  re- 
searches on  the  melting  point  of  coal  ash  are  considered.  Amongst  other 
characteristics  of  pulverised  coal  which  are  of  importance  in  their  industrial 
application  are  the  bulk  measurement,  ignition  temperature,  temperature  of 
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spontaneous  combustion,  velocity  of  combustion,  degree  of  fineness  and 
grinding  characteristics.  The  author  discusses  his  research  on  the  fineness  of 
pulverised  coal,  and  draws  attention  to  the  need  for  standardisation  of  sieves, 
both  as  regards  size  of  apertures  and  form  of  sieve  adopted.  He  also  outlines 
the  laws  which  are  applicable  to  hand-  and  machine-screening,  and  evaluates 
the  results  of  screening  tests,  demonstrating  also  how  the  fineness  of  the 
finest  particles  can  be  determined  by  a  method  developed  by  the  Depart- 
ment for  Buildings,  of  the  State  Materials-Testing  Office,  Berlin-Dahlem. 
The  relation  between  fineness  and  structure  of  coal  dust  and  the  class  of  coal 
ground,  together  with  the  method  of  grinding  are  considered.  Coal  dust  is 
produced  naturally  in  coal  mines,  and  the  fineness  of  such  particles  has  been 
studied  as  part  of  the  research  carried  out  by  the  author. 

The  grinding  of  coal  dust  forms  a  special  study,  and  the  characteristics  of 
the  various  grinding  units  found  in  industrial  use  are  described.  Power 
consumption  of  mills  is  an  important  factor  and  receives  considerable  attention, 
while  the  author  points  out  the  various  characteristics  which  should  be  con- 
sidered when  comparing  the  relative  merits  of  different  grinding  units. 
Drying,  air  classification  and  preparation  costs  form  the  concluding  portion 
of  this  chapter. 

In  Germany,  the  transport  of  powdered  coal  has  been  an  accomplished  fact 
for  some  time,  and  the  author  describes  the  special  rail  transport  tanks  which 
are  in  use  for  handling  coal  dust.  The  economies  of  dust  transport  are  dis- 
cussed, while  questions  of  safety  in  the  use  of  pulverised  fuel  form  the 
subject  of  a  special  study. 

Research  on  the  utilisation  of  powdered  coal  has  been  carried  out,  and  the 
author  discusses  such  factors  as  the  type  of  furnace  for  successful  combustion, 
flue  dust  production  in  coal  dust-fired  plants,  special  applications  of  pulverised 
fuel,  and  economical  research  on  the  application  of  coal  dust. 

The  last  section  deals  with  the  importance  to  Germany  of  coal  dust-firing, 
and  gives  statistical  details  as  to  the  cost  of  preparation. 
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Anlage  1. 


Heidjsfofjlenrat 

59b    -?^.  73a  1.  27 


mavmaii 


für  bctricblidjc  öcftimmwiiö  öcr  KoIjIcnftaubfeinl^cU 
öurdj  l7an^ficbun9. 

SufaiiiiiicnseflcUl    com  Kol^lcnfdiubauaidîuç    i'ts   Hcidistolilcnrütcs    auf  «runb    con 

•Erqcfeniffcn  ooit  2lrbcttt;n.  ausQcfulirt  in  feinem  îluftrage    im  5tdallJdKn  217dtcrial' 

prüfi-r.gs.amt  in  Berlin.Dü^em  uni  pon  Un  Rerren  Sammler  un6  ^ördcrreutlier, 

un6  unter  t'^ugrundele^un^  &es  ZTormblattes  DIN  1171 


^ortoori:  'ill*  Oiormcnuerfolircn  jur  QJcftimmmung  bcr  'Jcinljcif  »on  $?ol)lcnftaub  tomint  junac^ft  nut  bic 
öicbung  in  'Sragc  ®abci'  mug  untcrfAieben  »crbtn  jroifdjcn  "îJcttiebéficbungcn  unb  'ptüfficbungen  für 
befonbero  Srocrfc  ('Jlbna^ntcocrfudje,  Steffel-  unb  "TOütjlcnocrfuc^c,  Scftiebéanalofen  unb  tt)iffcnfci)aftlid)e 
Untcrfuchungen).  IBcnnglcid)  ti  crftrcbcn^tticrt  fein  wirb,  bic  'Seflimmungcn  mafcbincU  au^jufiibren,  fo 
muffen  nod)  roeiterc  (Stfa^rungen  unb  .H'onflrutiionen  abgowarfet  rcerben,  booor  bie  mafcftincUc  Siebung  ale 
riormalocrfaljren  angemenbet  «»erben  tann.  ®ic  5'>rfd)ungen  »on  Dr.  i'xofin  unb  "Siipl.-Sng.  Oîammlcr 
bûben  gezeigt,  ba^  im  allgemeinen  cine  îlbficbung  auf  bem  lirüfficb  9îr.  30  mit  900  'îOîafc^en/cm  -  unb 
für  natürlichen')  Staub  aud)  nodi  auf  bem  "^irüfficb  îl'îr.  40  mit  1600  vCîafc^en/cm-  im  allgemeinen  aué- 
t!ict)cnb  iff,  boc^  empfiehlt  ii  fid),  auc^   baö  ^rüfficb  9îr.  70  mit  4900  'iOîafc^en/cm-   mit   (»sronjujietjen. 

yntcrfud)ungcn  i)ahin  tt)eitert)in  gojcigt,  ba§  bie  "îîorm  ber  Siebe  (tunb  ober  quabratifd))  feinen 
ncnnenÄreerlen  Slnterfd)ieb  im  (ïrgebniê  oerurfadjf.  ®egen  b«r  leid)tercn  Crlcrnbarfeit  mürbe  boS  in  unfercm 
»otläufigen  9}(ertblatt  fiir  >\oblenftaubprüffiebc  befc^riebene  'Berfa^ren,  bei  bem  "bai  Sieb  famt  Pfanne 
unb  ®edel  in  bie  eine  .sbanb  genommen  unb  gegen  bic  onberc  gefi^lagcn  wirb,  beibehalten  unb  bem- 
entfpred)enb  auct»  bie  runbe  Siebform. 

1.)  9{oTnien*6ie6form: 

9iunbeé  Sieb,  20  cm  Smr.,  Siebgeroebc  bic^t  an  bcn  9îanb  abfc^liefienb -),  '33ermeiBung  aller  Cef-  unb 
fio^lräume,  etrea  5  cm  ?îanbb6t)C  über  bem  SiebgeWcbe.  "Biefer  'Jian'O  ocrjüngt  fic^  unterhalb  beé  Sicbgerocbeé 
um  bie  'Sled)fförfe,  fo  bag  man  bie  Siebe  jur  Q3crtt)cnbung   in  Siebmofc^incn  oufeinanber  cinftcrfcn  tann. 


2.)  9lormen'(Sie6geloe6e^): 

Sieb.g^r. 

îO;aid)enjat)l  je  cm- 

■Sraljtburctjmcffer  in  mm 

Cic^fe  OTaf^enmeitc  in  mm 

30 

900 

0,13 

0,20 

40 

1600 

0,10 

0,15 

70 

4900 

0,055 

0,088 

3.)  Suläffiße 

316toei(^unsen: 

®urd)f*nitté- 
Inert 

»rbgtc 
'abl»eiä)ung 

■Bercid)  6er  gröfilen 
•21btP€id)ungen*) 

Suläffige 
îlnjadl)"* 

% 

©ra^tbicte 

+  5 

+  10 

6 

Cidjtc 

Sieb  gjr.  30  u.  40 

±5 

+  25 

+  12  bi«  25 

6 

"îDîafc^enreeite 

Sieb  9^r.  70 

+5         1        +30 

+  15  bi«  30 

6 

•)    ®ie  unter  Jen  aufgefuijrtcn  <JBprten  licgcnbcn  ^bncidjungen  bleiben  bei  bcr  'Prüfung  unberüctfitbligt. 

*•)  'Bcjogcn  auf  bie  größten  '2lbn>eict)ung(n  bet  Sta^tbiden  bejiti.  ben  "Seteitfe  bet  größten  "^Ibtpeit^ungen  bcr  liebten  'înofe^enioeilen. 


')  Siede  Qîofin  unb  Wommlet  '  üntetfiK^ungen  übet  bie  Sein^eit  be«  in  •Britettfobriten  entftebenben  Staube«  unb  feint  "Bet- 
menbburteit  jur  Roblrnftoubfeuerung.    4.  'Beticfctefolge  be«  S^otilenftaubauêfdiuffe«  be«  îîeictisfotilenrate«. 

1  Siebe  görberreutber  ileber  bie  mofc^inelle  Giebung  »on  Roljlenfiaub.  8.  ^crid)t«folge  be«  Sol)lenftaubau«fd)u(Te«  be« 'ÎKei(fe«- 
toblenrûlee,  ^2^bb^[bungen  13  unb  14 

°)  9[Ra§«  bcr  näi^ftlicgtnbeii  ®cloebe  bcr  iRotmung  bcé  amctitanifc^en  Bnresa  of  Stududn 


Sieb  g^r.  )     70  î>ratitftarfe  0,140  mm, 

,     )  100  ,  0,102     , 

-     )  170  .  0.063     , 

CSie  bcutfd)en  unb    amerifanifcbfn  Siebgetoebe   liegen   in   ben    SoQtr 
^ur(brt^niti«abit)eid}ungen  ) 


9)!afc^enloeite  0,210  mm 
0,149     , 
0,088     „ 
lf(^enineiten   gcgenfeitig 


r^alb  ber  juliffigen 


4.)  t>^ormen--Sieboerfal)ren 
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4.)  9lcrmen»Slebt>ctfà]^rcn  für  "Setticfcejajctlc  : 

25  g  .«îofclcnffaub  ircrten  ûuf  baâ  T>rüfüeb  9ir.  70  mit  4900  ^i^îafcficn  cm=  acbrocht,  ba«  mi(  'î'cdcl  uiib 
Tifjnne  oerfcf)Ioffen  wirb,  unb  15  ??îiii.  lang  gcficbt,  ipcbci  iai  (5icb  famt  "îctîcl  unb  T^faimc  mit  einer 
Äanb  ju  faffen  unb  in  leicht  geneigter  Cage  mit  ber  einen  Ôonb  125  mal  je  TL'îin.  gegen  bie  anbete  Aanb 
ju  fdjlagen  ift  'Tîacb  je  25  *2cl)lägcii  reirb  ^ai  Sieb  in  U'agereditev  Cage  um  einen  rcd)ten  TBmfcl  gebrcbt 
unb  mit  ber  Jbanb  breimal  trôfiig  gegen  ben  Siebrabincn  getlopft.  O^ad)  3,  5  unb  10  ^îin.  niirb  bie  untere  '3lâd)e 
J>ii  Siebeê  mit  einer  ro.id)en  ctielbiirfte  abgcbiirftet.  Duid)  bem  leljten  'îlntlopfen  mirb  ber  fîiidftanb  auf 
bem  Sicb  unter  ''lufl'tDpen  be?  geneigt  geljaltenen  Siebe*  auf  eine  fc|"te  Unterlage  am  T'xaiibe  gefammelt 
unb  in  eine  ^orjeUanfdjale  gefd)üttet.  ®er  Oîiidftanb  wirb  gewogen,  auf  bad  ^rüffieb  ?ir.  30  mit  900 
"OTafcfeen/cm-  gebractjt  unb  l)ier  auf  gleid)e  'ïDeife,  jebod)  ol^ne  "^bbürften  unb  ftlcpfen,  5  ??un.  lang  gefiebt 
unb  tDteberum   bcr  9\ü(Iftanb   gcroogen. 

®er  'Jeinlfeitégrab  ift  burdi  bie  in  "  „  ber  Siebgutmenge  auégebriidien  ?\üdftänbe  anjugeben. 
"JBägung  auf  0,1  g-  genau, 'Eingabe  ber  ?\üdftdnbe  auf  tJoUe  "„;  aie  ■3?ejeid)nuiU3è»eife  luirb  ocrgefdilagen 
j.  'S.  5  -?^r.  70,  ba^  ift  5"  „  ?vüditaiib  auf  bem  -?ic<rnien=')>rüfneb  9^r.  70  mit  70x70  =  4900  ^^îafAcn  cm', 
ober  2/9lr.  30,  baé  ift  2"^  îîurfftanb  auf  bem  Oîormen.'Prufneb  {Rr.  30  mit  30:<30-=900  -??ca[(ben  cm-. 
■211^  Kontrolle  für  bie  (Scnauigteit  be«  -Ilrbeitené  ift  eé  empfel)lenSiiiert,  ciud)  bie  î'urd)gdnge  nadj^uroiegen 
unb  ben  Siebtvcriuft  feftjuftellen,  ber  nidit  über  3"  „  betragen  feil. 

"Sei  ^Tlbfiebung  nalürlidicn')  ixoblenftaubc«  ift  nod)  iai  "Priifjieb  ?;r.  40  mit  1600  "îCîafdjen  cm- 
einjufd)alten  unb  5  5JJin.  lang  auf  iÇim  ju  fieben,  genau  roie  beim  Tirnfjieb  ?îr.  70  mit  4900  î^îafdjen  cm- 
bcft^riebcn. 

5.)  "Prüfflctle  für  «ol)lenfituubJ>rüf f icbc 

ift  baä  5taatlid;c  Zltutorial^rüfungiJImt  in  yorliiiPabloni,  Hiitor  bcn  iSid>eii  s:  ;  nur  nornigercd;to 
Kobicnftaubfiobc  crljalton  bon  Sionifcl  bos  Jlintos.) 

6.)  3n  '21nbctrad)f  ber  grojjen  ÇcblerqueUen  burd)  vyel)lftcjleii  im  Siebgeircbc  ')  ift  auf  «nimanbfreie  ^^e- 
fc^affen^eit  ber  Ocwebc  befonbcr*  ju  ad)ten  unb  finb  bie  Siebe  uon  3eit  ju  Seit  ju  überprüfen.  3u  biefein 
3tt>e(I  fdjeint  ii  cmpfeljlcndroert,  in  jebcm  Q5ettieb  einen  com  Staaflid)cn  OTatcnalprüfungöamt  in  'Berlin 
®al)lcm  geprüften  cintnanbfreicn  'Sergleic^ànorniciipruffiebfaç  bcreit^utialtcn. 


')   Siebe  Ttofm    unb  Oîammlct;  Unlcrfudjungtn    über   tic   3cinl)cit   Sc«   m   IXtifcIlfobriton    tnififbcnren  Ctaubcs   unb   feine  T>tr- 
iDcntbartcit  jur  Äolilcnftoubfcucrung      4,   l^eridiiafolge  iti  .<îol)lcnftûi;btiuefd)ufTe«  Dc5  ?Jci(ii«ti-l)lcnrotcj. 

2)    îîei  6er  Sacrftctlung  6er  €icbc  müiun  an  cmcr  i2tcUc  tfvnjcbc  unb  Siehnilnncn  burd)  av  "ïicipolitcv  non  einer  (oIAtn  (Sröne. 

Dcrbunbcn    rocrben,  ta%    6cr    i3tcmptl    be«  ■^mtce    |8  mm  0rm.)    noU    cnujcidllaiicn  rocrbcn    lann      ?o«  ÎMcifoIftet  ifl  (o  on. 

jubnngcn,  büft  eö  beim  '^uelDccfafeln  Don  3icbgctDcbcii  ûue  bcni  Giebrabnicii  ^erflbrf  luerbcn  muft. 
^  öicije  'îïîommler:    Ijnterfudiuntjen  über  bie  îSîcfïung  uub  '^croerfung  ber  ^cinbcit  üo:i  5\ot>lcnfi»iub, 

unb  5btbcrreult)er  :    Heber  bie  mûldiineOe  Gicbung  oon  .(loblcnftoub. 

7.  u.  8.  5?erii*I*folgc  bc«  .(îoblcnftoubausfdiuffce  be«  9îci*t.fol)lciira(c« 


(ïrl)âltlid)  bei  ber  ©efcbäftiJftcUe  bcé  9îc:di«toblenrateg,  93erlin  ÎB  15,  Cubirigtird)plaB  3/4, 
>r.;-.i  TSreife  ocn  0,20  OTart. 
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Anlage  2.    • 

Sctdjsfoïjlcnrat 

îgb.  gjr.  73b  1.  27. 

iruvfblait 

fur  Kotjlcnftaubprüfficbunöcit  bcfon&crcr   21rt  unb  5d;ict>sanalyfcn  oitrdj  fjanöficbuiiö. 

,5ufammcuncfkllt   nom  Kohlcnflaubrjusfdiug   ^cs  KcidjatoIjU-nratcs   auf  (Sniiid   von 

firgebniffou  poii  Mrboilcn,  au^äcfiilirl  in  feinem  auflmsc   im  Staatlidicn  ZHatctial. 

prüfnn9ä..'lmt  in  Scrlin.paltlcm  un»  non  »en  fjertcn  Hammler  un»  <^ar^e^rcutl!e^, 

un^  unter  ^ugruntelejun^  bis  normblaltes  DIN  1171. 


Sertoori:  ^ci  bcr  T3eftimmuiig  bcr  'Jeinboit  »on  Äo^lcnftaub  mu^  man  uiilcrfcfecibcn  jttiifci)Cii  "Sctrieb«- 
riebuiigcii  unb  "^riifriobunçicn  für  U'icfjtige  Srocdc  (■îlbnat)nic»crfud)o,  iïc|Tcl-  unb  î!Jcul)len»ci:fucf)e,  Scl)ieb«= 
nnalofen  unb  n:)ifîcnfd)aftiidic  Unterfiidiungcn).  '5ia  bie  in  'betrieben  im  allgemeinen  nötige  ^tf'fft'Uung 
bcr  g-ein()eit  uon  K'i.>blcnf(aub  genügt  bie  "Jibfiebung  auf  bcn  gröberen  Sieben  9îr.  30  mit  900  îDîafcf)cn/cm- 
unb  blx.  40  mit  1600  ^.^îafcben, cm-,  aUenfall«  unter  ginbejiel^ung  ieé  '^^rufficbcé  9^1.  70  mit  4900" 
'îOîafd^en/cm-.  3n  'îaUen  aber,  reo  c«  auf  eine  bcfonber«  genaue  Seinl;eit^beftimmung  antommt,  muffen 
aud)  iioc^  feinere  Siebgcmebe  jur  Siebung  lierangejogen  «erben.   '5ür  bicfen  "Jall  gelten  folgenbc  "î5cftimmungen: 


llntcrfud)ungen  baben  gezeigt,  baft  ein  nennen^mcrfer  llnlerfd)ieb  im  Crgebnié  bei  bcr  'Senu^ung  »on 
runben  ober  quabralifd)cn  Sieben,  fadtgeniäfjc  '5'urd)fübrung  ber  Siebanalçfe  oorauégefcçt,  nit^t  oovliegt. 
S«  ift  baljer  au*  eine  <25cr»enbung  oolt  oieredigen  Sieben  burd)aué  juläfftg,  mobei  îiai  Sicbgcreebc  auf 
einem  ijoljraljmcn  non  25X25  cm  mit  10  cm  9\anbl)öl)e  über  bem  Sicbgcroebe  aufgcfpannt  ift. 

2.)  ^lormeti'SiebQetoebe'): 


Sieb.9U. 

??îajd)en}al)l  je 

cm- 

©raljtburc^mcffer  in  mm 

Cic^tc  îOîafd)enm 

eite  in  mm 

30 

900 

0,13 

0,20 

40 

1600 

0,10 

0,15 

50 

2500 

0,080 

0,12 

70 

4900 

0,055 

0,088 

80 

6400 

0,050 

0,075 

100 

10000 

0,040 

0,060 

3.>  Suläffigc 

^6tpei(^ungen: 

5)urct)ict)nit«- 
n>crt 

(«röfttc 
^^biücid)unn 

"1« 

"Sereid)  6cr  gröBlcn 
91t)iueid)ungcn*) 

3ul<ifrtae 
■anjaf)!)" 

% 

®rat)tbicte 

+  5                     +10 

— 

6 

£id)te 

Sieb  9ir.  30,  40 

u.  50 

+  5                  +25 

+  12  bi«  25 

6 

'JKafc^enrocite 

Sieb  9ir.  70,  80 

u.  100 

+  5                  +30 

+  15  big  30 

6 

*)    Sic  unter  bcn  aufgeführten  *^frien  lic{icnt»cn  'iJlbTOeicfeungcn  bleibe»  bei  ber  *^rüfung  unbcrüdficfttigf. 

**)  ^cjogcn  auf  öic  firö^tcn  -^Ibmcidmngen'bcr  ^^rci^jtöicfcn  beatü.  bcn  93creicl>  ber  größten  ^Ibwcirfjungen  bcr  liebten  93îûfc^enrt>eifen 


')  Siebe  ^örbcrrcutber:  Ücber  bic  ma[d)incUc  Siebung  oon  Soblenfiaub.    8.  'Bcridjtöfotge  bcâ  ^oblcnftaubauefc^uffcö  bc5  Cleic^«^ 

toblcnrûte?,  ^21bbilÖungcn  13   unÖl4, 
2)   ^e\  bcr  ÄerftcUung  bcr  ;?icbe  müfTin  an  einer  GtcUe  (Tvroebc 

DCfbunbf-n   rocvben,  toR   Der   ^Btempcl   beé  '■21mt*-3    (8  mm  'î>rr 

jubrnigen,  bop  ci  beim  '■^lucroecbfcln  Don  Gicbgcmcbcii  aus  be 


lb  Gicbrûbmcit  buvd)  ein  'ïïleipolfteu  üon  einer  fold)en  ©rÖ^c 
ooU  cingefcblogen  roerben  (ann.  '^od  ^leipolfter  iff  fo  on« 
Gicbrabmcn  jerftbrt  njerben  mu^. 


';  3na§c  bcr  näc^ftlicscnben  (Bekocbe  bcr  Slormung 

bcé  aracrUa 

nif*c 

n  Bureau  of  Standards: 

fiicb  CUr.  )    70 

0rat)tftä 

te  0.140  mm. 

■3Ratd)cnrocite  0,210  mm 

.    )  100 

0,102     . 

0,149    , 

,     )  120 

0,086     , 

0,125    , 

„       .    )  170 

„ 

0.063    „ 

0,088    . 

.    )  200 

, 

0.053     „ 

0,074     „ 

.    )  230 

„ 

0,046     „ 

0,062     , 

(Sie  bcutfd)en  iinb    amerifonifdjt 

GiebiicTOcbe 

liegen   in   bcn 

GoUmQf(fecn\t)citcn  gegenfcitig    innerljûlb  bcr  julöffigcn 

©urtfttc^nitlSobrocidjungcn  ) 

4.)  "Jîormcn-Stebocrfa^rcn 
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4.)  SlortneifÔlebtoerfoi^ren   für  'PrSffiebungen  6efonber«r  "üti  unb  Sc^ieb^anat^fcM: 

<?er  Jïcbloiiftaub  ßorf  nur  im  (ufttrcdcncii  oufianb  tieficbt  werben.  ®ic  l>robcnaf)mc  <x\xi  6em  '21ufbc= 
roa^rungegcfäf)  foU  na*  bcn  ?\iditlinicn  für  bic  "Probenahme  Bon  >\cl)Unffaub  (4.  ^ccid)têfol<)c  beé  )\'o()Ien. 
ffaubau«fd)ufTe6)  erfolgen  Cine  goiiüaenbc  ^Occnge  X>ti  Staube«  iff  auf  Q31ocben  m  einer  i£d)id)(l)ol)c  »on 
l)öd)ffene  1  cm  auëjubreitcn  unb,  oor  'Serftäubung  9cfd)üfit,  48  8tunben  lang  bom  Ciufluß  bcr  3immerluft  ju 
überlaffen. 

"îllébann  trcrben  25  g  abgewogen,  auf  t>ai  fcinfJc  Sieb  9îr.  100  mit  10000  9[)?ofct)en  cm-  gebracht 
unb  30  OTiu.  lang  gefiebt.    ®te  Siebung  wirb  au^gcfiitirt  toie  folgt: 

a)  ^ür  runbe  Siebe. 

?abei  ift  iai  (Sieb  mit  einem  'J'edcl  ^u  »erfdilieften  unb  unter  it)m  eine  Cluffangpfanne  an- 
jubringcn.  ®a«l  Sieb  foU  mit  einer  Aanb  gefaßt  wericn  unb  in  loid)t  geneigter  tage  125  mal  je  ?Jîin. 
mit  Bcr  einen  Aaub  gegen  bie  aiibere  gefdilagen  mcrben.  ?iad)  je  25  Schlagen  wirb  baé  Sieb  in  lüogc' 
rechter  Cage  um  einen  rcd)teii  2ßintel  gebrebt  unb  mit  ber  Äanb  3  mal  traflig  gegen  ben  Siebratjmcn 
gcdopft.  9îacb  3,5,  10  unb  15  Tülin.  wirb  bie  untere  Alädie  beé  Siebet  mit  einer  weidien  Stielbiirflc 
abgebürftet.  9îad)  bcm  leisten  'îinficpfen  wirb  ber  9uidftanb  auf  bem  Siebe  unter  "ilufflo^en  beé  ge- 
neigt gehaltenen  Siebet  auf  eine  fefte  Unterlage  am  Oîanbe  gefammell,  in  eine  ^or^eUanfdjale  gefd)üttet 
unb  gewogen.  "Sier  ?îiidftaiib  wirb  auf  ba*  iiädiftgrijbere  Sieb  9îr.  80  mit  6400  93cafd)eiVcm-  gebradjt 
unb  ba«  Sieben  in  gleidier  ^>eife,  wie  eben  befdirieben,  20  9?iin.  fortgcfelit.  '2ll«bann  wirb  auf  bem  ^rüf= 
ficb  9^r.  70  mit  4900  9?îafdien  cm-,  -^îr.  50  mit  2500  9)îafd)en  cm-  unb  9îr.  40  mit  UiOO  -9?îafd)en  cm- 
in  gleicher  Weife  je  10  J}Xm  gefiebt.  Sdiliejjlidi  wirb  ber  iToblenftaub  auf  Xrai  T>rüftieb  9îr.  30  mit 
900  OTalchen  cm-  gebradit  unb  liier  5  ?^iin.   ohne   'ynrflcn  unb  Klopfen  gefiebt. 

b)  Unier  'Sertoenbung  quabratifc^er  Siebe  mit  dolirabmen. 

'?ie  Siebung  fann  aud)  unter  QSerwenbung  guabratifcber  Siebe  mit  .V)ol^rabmeii  in  felgcnber  "ÏOcifc 
burcbgefübrt  werben: 

TCie  oben,  werben  25  g  Staub  auf  ba«  feinfte  Sieb  9îr.  100  mit  10000  -rPiafd)en  cm-  gcbrad)t 
unb  30  îOîin.  gefiebt.  ^ai  "Bürften  uiib  iïlopfen  erfolgt  in  bcr  gleidien  Ißeife  wie  bei  bem  runbeii 
Sieb,  '^äi  Sieb  wirb  jebod)  iiber  einem  untergelegten  weipen  Rapier  bin  unb  her  bewegt  unb  ber 
'Durchgang  auf  bicfein  Rapier  gefammelt,  U'obei  ba?  Sieb  in  beibe  Äänbe  genommen  unb  unter  leidtter 
Sübrung  .(Wifcben  Daumen  (oben)  unb  ben  übrigen  Çvingern  (unten)  unter  wedjfelnber  9ieigung  bin_  unb 
her  bewegt  uiib  hierbei  abwedifelub  gegen  bie  ^aUeiiflddien  ter  ibänbe  gefchlagen  wirb.  3m  übrigen  ift 
wie  unter  a)  ju  oerfabren. 

'Ilngabe  beÄ  vVeinbeit^grabeg  burcb  bie  ^vüdftdnbe  in  "  „  beS  Sicbgutcê;  "ïBagcgenauigteit  0,02  g  ; /-Jln- 
gabc  bcr  9\üdflänbe  auf  0,1",,.  \!lud)  bie  îiurdigange  fiiib  mit  ber  gleichen  ©cnauigfcit  ju  wiegen,  bcr  Sieb- 
Dcrluft  barf  nictjt  mehr  alÄ  2",,  bei  gefdjloffenen  runben  Sieben  unb  ni*t  mehr  ale  4°/„  bei  offenen  quobratifd)cn 
Sieben  betragen.     Sicboerlufle  finb  bem  'î'urdjgang  ,;ujufd)lagcn. 

•Sic  'vlnaliife  ift  barauf  mit  25  g  frifdiem  Siebgut  von  betfelben  ")>erfon  \\x  wicberbolen.  ®ic  Qîiidftanbé' 
werte  ber  beiben  'îlnahifeii  biirfen  jeweilé  biJcbftené  uni  1"  „  beé  cHewiriile«  be«  Siebguteé  ooneinanber  abwcid)cn, 
bei  größeren  "^Ibwcidiuiigen  ift  eine  britte  '^nalnfe  au^.^ufiibren.  9Jiaftgebenb  ift  ber  ^'attelwert  aué  ben  bcibcn 
näd)ft  aneinanber  licgenben  Vfrgebniffen.  ileber  bie  Siebung  ift  oine  ?îieberfcbrift  anjuffrtigen.  Çviir  beftimmte  Swede 
empfiehlt   fid)   bic   graphifdic   Jarftellung   burdi  ba«  '^luflragcn   ber  ?viidftanb*werte   über   bcn  9?îafd>cnweiten.') 

"îBerbcn  bei  '^Ibnabmeoerfuchen  non  jwei  oerfdnebcnen  1>arteieii  ^einheitébeftimmungen  nach  t'en!  oorftehcnbcft 
"ïJcrfahren  oorgcnomnien,  fo  gelten  noch  folgenbe  TJorfcbrif  ten  ; 

Sieben  jwei  »erfcfaiebene  "Parteien  einen  Soblenftaub  auf  beiifclbcn  Sieben,  fo  biirfen  bie  SicbcrgebniJTe 
hBthften«  um  2"  \,  ooncinanber  abweichen.     9!^iapgebenb  ift  ber  -?Xittelwert. 

Sieben  ,iwei  »erfchiebene  Parteien  einen  Svoblcnftaub  auf  cerfdjiebenen  9iormcnfiebcn,  fo  bürfcn  bie  Sieb' 
crgebniffe  hödiflen«  um  4"„  ooneiiianbcr  abweichen.     9Tîapgebenb  ift  wieber  ber  9?îittelwert. 

5.)  "PraffteKe  für  ^ob(enftaub)>rüffiebe 

ift  öas  5ta(itlid;e  JriiitcriaiprüfungsJluit  in  Serliii  Palilem,  Jliitor  ^c^  fiidjen  «r  ;  nur  normgcrcdjtc 
Kohlenftaubficbc  crbnltoii  ^cn  Stempel  ^o^  Jlmtcs. 

6.)  3n  '2lnbetracbt  bcr  gropen  "Scblerguellcn  burcb  '^ehlftellcn  im  Siebgewebe-)  i)"t  auf  einwanbfreie  "Se- 
fchaffenbeit  bcr  ©ewcbe  befonber«  ju  achten  unb  fiiib  bic  Siebe  »on  Seit  jU  Seit  }u  überprüfen.  Cch'crhaftc 
Siebe  finb  fofort  auéjufdieibcii. 


I)  Gicl)C  CRofin-Oîaminlcr  :   'Iluewcrtunq    oon    Sicbanalufcn    uiib    SieniilnneM    für   STchleiiftüub  ;   .1  ^crid)t«folije    Be*  ftoblcnftmib- 
auêfd)u(Tctl  be«  9îcidi«fol)Unrutc«  ober  ..-^rduo  für  QEarmeroirlfdiaft  und  Sumpitcdtlrocfcn  Sebr.  1926  fceft  2  S.  49. 

'^  öte^c  CRdmmlcr:    Mnterfudiungen  über  Die  Teilung  unb  '23eltpertun<i  bcr  Cîcînbeit  boil  S^'oblenftoub, 
unb  ^btbcrrcut^cr:    îlcbcr  bie  mafdjineUc  Giebunci  bon  SVotjlcnftaub. 
7.  u.  8.  '8cci(^t«fol3c  bc*  Koi)Ienftaubau«fd>uffcä  be«  CReidiitbblcnratee. 

erhältlich  bei  ber  ©cfdjdftgfteUc  be«  9veidi«tohlenratc«,  'J^erlin  1&  15,  S?ubwigtird)pla9  3/4, 
jum  'preife  »on  0,20  xOîart. 
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Anlage  3. 
REICHSKOHLENRAT 
S. -A.  für  Brennstoffverwendung  Berlin,  den  28. Oktober   1927. 

203.10.27. 

MERKBLATT 
zur  Vermeidung  von  Gefahren  beim  Umgang  mit  Kohlenstaub. 

Aufgewirbelter   Kohlenstaub  ist  feuer-  und  explosionsgefährlich. 
Daher: 

\.   Anlagen  sauber  halten! 

2.  Staub  nie  aufwirbeln!  Behälter  dicht  halten!  Bei  Arbeiten  an 
Auslauf-  oder  Stochöffnungen  darauf  achten,  dass  etwa  austretender 
Kohlenstaub  sich  nicht  entzünden  kann! 

3.  In  Räumen,  wo  mit  Kohlenstaub  gearbeitet  wird,  Vorsicht  mit  offenem 
Feuer'  In  Aufbereitungs-  und  Lagerräumen  von  Kohlenstaub  nicht 
rauchen,  nicht  offenes  Licht  und  Feuer  verwenden! 

Nur    schlagwettersicheres     elektrisches     Gerät    und    nur    geschützte 
Lampen  verwenden!     Aufbereitungs-  und  Lagerräume  für  Kohlenstaub 
gelten    als  "explosionsgefährlich"   im    Sinne    der    "Vorschriften    für 
Errichtung     und     Betrieb    von    Starkstromanlagen"    des    Verbandes 
Deutscher  Elektrotechniker. 
Lagernder  Kohlenstaub  neigt  wie  jede  lagernde  Kohle  zur  Selbstentzündung, 
gewisse   Kohlensorten  scheiden  explosionsgefährliche  und  gesundheitsschäd- 
liche Gase  ab.  Daher: 

4.  Temperatur  des  Staubes  überwachen,  Vorsicht  vor  heissem  Staub! 
Desgleichen  Vorsicht  vor  zu  nassem  Staub,  der  sich  leicht  festsetzt 
und  dann  zur  Selbstentzündung  neigt. 

5.  Bei  Gefahr  (z.B.  auffälligen  Temperatursteigerungen,  Schwelgeruch, 
Glimmherden,  Brand  usw.)  keinen  Kohlenstaub  mehr  zuführen, 
Zutritt  frischer  Luft,  Aufwirbelung  und  Luftzug  verhindern! 

Man  beachte  ferner: 

6.  Explosionsklappen  und   Absperrschieber  regelmässig  nachprüfen! 

7.  Gefährdete  Bunker  und  Transportgefässe  möglichst  in  die  Feuerung 
leerfahren  oder  den  Brand  ersticken!  Bei  Leerfahren  ins  Freie  nach 
Möglichkeit  in  Kieshaufen  entleeren! 

8.  Brände  in  gebunkertem  oder  gehäuftem  Kohlenstaub  nicht,  wie 
üblich,  mit  Wasser,  sondern  nur  mit  geeigneten  Kohlenstaublösch- 
verfahren (Schaum,  Kohlensäure,  Stickstoff  usw.)  bekämpfen! 

9.  In  gefüllte  Bunker  nicht  einsteigen!  Auch  in  entleerte  nur  nach 
Sicherung  gegen  Absturz  und  Betäubung  einsteigen! 

10.  Bei  jedem  längeren  Stillstand,  nach  jeder  Störung  bezw.  vor  jeder 
Inbetriebnahme  und  regelmässig  in  je  nach  den  Verhältnissen  zu 
bestimmenden  Zeiträumen  )  Bunker  endeeren  und  unter  Befahren 
(hierbei  Sicherung  nach  Ziffer  9)  reinigen! 

1 1 .  Brenner  erst  nach  Entlüftung  des  Feuerraumes  und  vorsichtig  an- 
zünden.    Schlackenziehen  von  Hand  nur  bei  abgestellten  Brennern! 

•Nach    den    bisherigen    Erfahrungen    empfiehlt    sich    je    nach    der    Neigung    der    Kohle    zur 
Selbstentzündung  ein  Zeitraum  von  etwa  1/2  bis  2  Monaten. 
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Anlage  4. 
REICHSKOHLENRAT 
S. -A.  für  Brennstoffverwendung  Berlin,  im  März  1928. 

89.4.28. 

MERKBLATT 
für  die  Errichtung  von  Kohlenstaubanlagen. 

Neben  den  Punkten,  betreffend  den  Umgang  mit  Kohlenstaub,  empfiehlt 
sich  bei  der  Errichtung  von  Kohlenstaubfeuerungsanlagen  die  Beachtung  der 
folgenden  Gesichtspunkte: 

I.  Allgemeines. 

1.  Kohlenstaub,  dicht  und  unter  Abschluss  gegen  Aussenluft  befördert 
und  gelagert,  bietet  im  allgemeinen  keine  grösseren  Gefahren  als 
Kohle  gröberer  Körnung. 

2.  Kohlenstaub  in  Luft  aufgewirbelt  ist  feuer-  und  explosionsgefähr- 
lich! 

3.  Lagernder  Kohlenstaub  kann  sich  ebenso  wie  Kohle  gröberer  Körnung 
selbst  entzünden;  Bunkerung  zu  heissen  Staubes  vergrössert  diese 
Gefahr,  ebenso  Bunkerung  zu  nassen  Staubes,  der  sich  leicht  fest- 
setzt und  dann  zur  Selbstentzündung  neigt. 

4.  Bei  der  Lagerung  entweichende  Gase,  namentlich  Schwelgase,  sind 
explosionsgefährlich,  wirken  betäubend  und  sind  unter  Umständen 
giftig. 

II.  Errichtung. 

1.  Die  Möglichkeit  von  Kohlenstaubablagerungen  in  Arbeits-  und 
Betriebsräumen,  soweit  irgend  möglich,  vermeiden!  (Anwendung  von 
durchbrochenen  Laufstegen  und  Treppen,  schrägen  Fensterbänken 
usw.) 

2.  Gute  Reinigungsmöglichkeit  der  Räume  (weissen  Anstrich)  vorsehen. 

3.  Bezüglich  der  elektrischen  Einrichtungen  in  den  Aufbereit-  und 
Lagerräumen  ist  §  35  der  Vorschriften  des  Verbandes  Deutscher 
Elektrotechniker  für  die  Errichtung  elektrischer  Starkstromanlagen 
zu  beachten. 

4.  Bunker  gegen  Aussenluft  abschliessen  und  nicht  unnötig  gross  be- 
messen! Vorsprünge  und  Winkel,  wo  sich  Kohlenstaub  absetzen 
kann,  in  den  Bunkern  vermeiden! 

5.  Fördereinrichtungen  müssen  dicht  halten. 
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INTRODUCTION — FUEL  CHARACTERISTICS — SYSTEMS  OF  FIRING  — 
"BIX-AND-FEEDER"  system  —  DRYERS  —  PULVERISERS  —  TRANS- 
PORTERS—STORAGE BINS  —  FEEDERS  —  COMBUSTION  —  BURNERS  — 
FURNACES— MODERN  PLANT — "dIRECT-FIRED"  SYSTEM — THE  ASH 
PROBLEM — ZUSAMMENFASSUNG 

Though  the  adoption,  on  a  large  scale,  of  pulverised  fuel  firing  as 
apphed  to  boiler  furnaces,  had  its  inception  with  the  installation  at 
the  Lakeside  Station  of  the  Milwaukee  Electric  Railway  and  Light 
Company,  which  went  into  operation  in  1920,  it  has  been  during  the 
last  four  years  that  by  far  the  larger  number  of  pulverised  fuel- 
fired  boiler  installations  now  operating  have  been  built,  and,  with  but 
very  few  eind  unimportant  exceptions,  all  installations  in  England 
have  been  placed  in  operation  during  the  past  three  years. 

Experience  accumulated  slowly  during  the  first  few  years,  and  the 
knowledge  gained  thereby,  were  shared  by  but  a  very  Hmited  number 
of  engineers  of  position  and  influence.  It  is  only  during  the  last 
three  or  four  years  that  the  accumulation  of  knowledge  born  of 
experience  has  become  sufficiently  diffused  to  enable  any  considerable 
body  of  competent  thought  to  be  brought  to  bear  on  the  problem. 
The  same  period,  in  consequence,  has  given  rise  to  a  large  volume 
of  ideas — sound  and  otherwise — for  the  improvement  of  pulverised 
fuel  equipment  and  plant  design.  Without  further  contributions  it 
will  take  some  time  to  sort  the  relatively  small  amount  of  wheat 
from  the  large  amount  of  chaff;  and  in  the  meantime  the  production 
of  new  ideas  continues  at  an  increasing  rate.  The  ultimate  result, 
of  course,  will  represent  progress — attained  at  a  high  cost,  perhaps — 
but,  in  the  end,  worth  the  price.  It  is  not  a  period  for  discourage 
ment,  but  certainly  one  for  the  exercise  of  discretion. 
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Authentic  gross  efficiencies  of  87  to  89  per  cent,  are  being  obtained 
in  several  instances,  a  figure  which  leaves  but  little  room  for  im- 
provement. There  is  still  ample  scope,  however,  for  inventive 
genius  in  connection  with  refinements  in  design  of  equipment  and 
plant  layout,  with  the  object  of  rendering  plants  more  reliable  and 
less  costly  to  construct,  operate  and  maintain. 

The  position  of  pulverised  fuel  firing  in  relation  to  stoker  firing 
continues  debatable  and  unstable.  The  efficiencies  and  flexibility 
attained  with  pulverised  fuel  from  the  first  have  been  a  source  of 
inspiration  to  stoker  designers,  with  the  result  that  big  strides  have 
been  made  in  the  improvement  of  this  class  of  combustion  equipment. 
Greatly  increased  combustion  rates  per  square  foot  of  grate  surface 
have  been  reahsed.  The  control  of  air  supply  has  been  greatly 
improved.  The  development  of  larger  sizes  has  been  successfully 
accomplished,  though  with  increasing  size  nearly  every  feature  of 
the  design  becomes  more  difficult.  Expansion,  heavy  loads  over 
long  spans,  proper  air  distribution  and  control,  are  among  the  prob- 
lems which  increase  with  the  size  of  units,  and  at  best  the  breakdown 
hazard  increases  with  the  multiphcity  of  parts  in  the  furnace. 

It  is  a  tribute,  however,  to  those  associated  with  the  development  of 
stoker  equipment,  that  the  difficulties  encountered  have  been  so 
satisfactorily  solved.  In  the  days  when  engineers  were  content  to 
bum  20  to  25  lb.  of  coal  per  sq.  ft.  of  grate  with  cold  air  supplied  in 
sufficient  excess  to  give  a  COg  content  of  9  to  11  per  cent.,  furnace 
walls,  arches  and  grates  gave  but  little  cause  for  concern.  Present- 
day  conditions,  however,  arising  out  of  the  rapid  increase  in  the 
steam-generating  capacity  of  boiler  units;  the  increase  in  the  rate 
of  evaporation  per  sq.  ft.  of  heating  surface;  the  growing  popularity 
of  flue-gas  air  pre-heaters  resulting  from  the  practice  of  feed-water 
heating  with  steam  extracted  from  the  main  turbine;  and  the 
demand  for  the  highest  attainable  efficiency,  require  combustion 
rates  of  40  to  50  lb.  of  coal  per  sq.  ft.  with  air  supphed  under  forced 
draught  at  a  temperature  of  anything  up  to  550°F.  and  with  the 
excess  air  reduced  to  a  point  represented  by  a  COg  content  in  the 
furnace  of  13  to  16  per  cent.  The  result  is  furnace  troubles,  which 
at  the  moment  are  becoming  acute.  Furnace  maintenance  ex- 
pressed in  pence  per  ton  of  coal  fired  has,  in  one  instance,  authori- 
tatively and  confidently  reported,  reached  the  prohibitive  figure  of 
48d.,  and  in  several  other  instances  it  is  known  to  have  exceeded 
24d.  These  were  extreme  cases  and  arose  out  of  conditions  which 
have  not  been  allowed  to  persist.  They  emphasise,  however,  the 
necessity  of  recognising  the  more  severe  conditions  arising  in  modem 
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practice  in  the  design  and  construction  of  furnaces.  What  are  more 
serious  than  the  cost  of  repairs  are  the  frequent  periods  during  which 
the  service  of  the  boiler  unit  is  made  unavailable  through  the 
necessity  for  furnace  repairs.  In  the  solution  of  the  problem, 
water-cooling  of  the  refractories  as  applying  both  to  side  and  rear 
walls  and  to  arches  is  receiving  the  consideration  of  engineers. 

The  perfection  of  combustion  with  highCOg,  realised  with  pulverised 
fuel,  produced  furnace  temperatures  which,  coupled  with  the  deposit 
of  molten  ash  on  the  furnace  walls,  resulted  in  heavy  maintenance 
expense;  and,  to-day,  water  or  steam  cooling  of  combustion  chambers 
has  become  an  all  but  universally  acknowledged  necessity.  That 
so  much  progress  has  been  made  in  the  development  of  the  pulverised 
fuel  furnace,  with  so  little  corresponding  improvement  in  general 
practice  as  applying  to  stoker  furnaces,  seems  strange  when  it  is 
considered  that  it  was  the  application  of  water-cooling  to  stoker 
furnaces  in  1923  that  led  the  way  to  its  general  adoption  for 
pulverised  fuel. 

The  practice  of  water-cooling  furnace  walls  and  arches,  so  rapidly 
gaining  favour  in  the  United  States,  as  applied  to  stoker  installations, 
has  also  made  headway  in  England,  and  it  is  the  author  s  opinion 
that  the  practice  is  certain  to  increase. 

With  the  rapidity  with  which  progress  is  taking  place  as  applied  to 
both  pulverised  fuel  firing  and  to  stoker  firing,  their  relative  positions 
cannot  be  other  than  unstable.  The  competition  between  them  at 
the  moment  is  good  for  the  health  of  both,  and  the  position  at  the 
present  time  gives  rise  to  a  considerable  amount  of  debate.  Those, 
however,  who  are  fully  informed  and  unprejudiced  will  concede  a 
field  for  each.  Expressed  in  broad  terms — small  boilers  should 
be  equipped  with  stokers,  and  large  boilers  with  pulverised  fuel. 
The  greater  the  number  of  boilers  involved,  the  stronger  is  the  posi- 
tion for  pulverised  fuel,  and  vice  versa.  Circumstances  such  as  coal 
characteristics,  coal  cost,  load  factor,  etc.,  alter  cases,  however;  and 
at  the  present  time  he  would  be  bold  indeed  who  would  attempt  to 
draw  closely  the  line  limiting  the  field  of  either. 

FUEL   CHARACTERISTICS 

Generally  speaking,  the  popularity  of  any  particular  form  of 
combustion  equipment  is  largely  influenced  by  the  fuel  characteristics 
as  applying  to  the  particular  locality.  For  example,  the  fuel  supply 
for  the  Eastern  part  of  the  United  States  is  made  up  largely  of  coals 
such  as  Pocahontas  and  New  River,  having  an  ash  content  of  3  to 
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5  per  cent.,  a  heat  value  of  over  14,000  B.Th.U.,  and  with  free 
burning  and  distinctly  coking  characteristics — a  very  high-grade 
fuel,  but  one  very  difficult  to  handle  at  high  rates  of  combustion  on  a 
travelling  grate  stoker,  both  as  regards  combustion  and  stoker  and 
arch  maintenance.  This  fuel,  however,  burns  well  on  retort-type 
stokers,  which,  as  a  result,  have  monopolised  the  field  in  this  section 
of  the  country.  About  the  only  exceptions  are  a  few  scattered 
travelHng-grate  stoker  installations  for  utilising  anthracite  coal. 

In  the  Middle  West,  including  the  cities  of  Chicago,  St.  Louis, 
Omaha  and,  generally  speaking,  those  cities  utihsing  coals  from 
Illinois,  Indiana,  Iowa,  Missouri  and  neighbouring  States,  the 
situation  is  almost  completely  reversed.  The  coal  from  these 
districts  is,  in  comparison  with  the  Eastern  coals,  high  in  ash  content, 
is  non-coking  and  has  a  heat  value  of  from  10,500  to  12,500  B.Th.U. 
Furthermore,  the  fusion-point  of  the  ash  is  relatively  low.  The 
high  ash  content  with  low  fusion-point  renders  the  coal  unsuitable 
for  use  on  the  retort-type  stokers.  On  the  other  hand,  the  high  ash 
content  protects  the  travelling  grate  stoker  and,  by  reason  of  the 
non-coking  characteristics  of  the  coal,  it  burns  well  on  this  type  of 
grate.  The  continuous  ash  discharge  of  the  travelling  grate  gives 
it  a  distinct  advantage  over  the  retort-type  stoker  for  this  class  of 
fuel. 

The  circumstances  governing  the  fuel  supply  available  for  steam 
generation,  as  applying  to  large  electric  generating  plants  in  England, 
are  somewhat  unique  and  merit  consideration. 

In  the  report  of  the  Secretary  of  Mines  for  the  year  1924,  it  was 
stated  that  in  that  year,  267-1  milhon  tons  of  coal  were  mined  and 
distributed  as  follows: — 

TABLE  I. 


Exported 


Industrial 

and  Domestic 

Purposes 


Coke  Ovens, 

Gas  Works, 

etc. 


Transport  and 

Mercantile 

Marine 


Electric 

Generating 

Stations 


31-8  per  cent.     47-3  per  cent.     12-4  per  cent.     5-6  per  cent. 


2-9  per  cent. 


In  his  inaugural  address,  Mr.  Archibald  Page,  President  of  The 
Institution  of  Electrical  Engineers  (I.E.E.  Journal,  Vol.  66,  No.  372, 
December,  1927)  gives  the  following  distribution  as  applying  to  the 
coal  consumed  in  England: — 
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TABLE  II. 


Millions  of 

Per  cent. 

tons 

Electricity     ... 

4-4 

8 

Gas     ... 

9-3 

17-02 

Domestic 

18-8 

34-17 

Railways 

8 

14-42 

Coast  bunkers 

1 

1-87 

Coal  mines     ... 

9 

16-28 

Pig  iron 

8 

14-42 

Steel 

.      1         9-8 

17-89 

General  manufactures 

27-7 

50-46 

Miners'  coal  ... 

4 

7-22 

100 

181-73 

In  both  the  preceding  tables  attention  is  directed  to  the  very  small 
proportion  of  the  total  coal  consumption  accounted  for  by  the 
generation  of  electricity. 

Through  its  many  years'  standing  as  a  coal-exporting  nation,  it  has 
become  all  but  universal  practice  in  England  to  classify  all  coal  at 
the  pit  head  before  shipment.  All  exported  coal  is  necessarily 
high  grade,  and  the  coal  used  for  the  gas,  domestic,  railway,  coast 
bunkers,  pig  iron,  steel  and  a  large  proportion  of  general  industries 
is  also  high  grade.  This  leaves  a  superabundance  of  small  and  low- 
grade  coal  available  for  services  adapted  to  its  consumption. 

As  a  result  of  the  above  circumstances,  the  coal  utilised  in  the  boiler 
furnaces  serving  the  electricity  supply  industries,  and  also  the  larger 
boilers  in  the  manufacturing  industries,  is  either  the  small  washed 
sizes  or  f  in.  slack  (the  residue  from  the  screening  plant  passing  a 
I  in.  mesh) ,  The  supply  of  this  latter  fuel  is  greater  than  the  demand. 
A  coal  crusher,  an  essential  part  of  an  American  Power  Station,  is 
unnecessary  and  forms  no  part  of  an  English  steam  generating  plant. 

The  fine  slack  as  it  comes  from  the  pit  head  is  high  in  ash  content 
(10  to  25  per  cent.)  and  also  moisture  content  (8  to  20  per  cent.). 
The  volatile  content  varies  from  a  minimum  of  7  per  cent,  up  to 
approximately  35  per  cent.,  but  the  bulk  of  the  supply  available  for 
steam  generation  contains  from  15  to  27  per  cent., and  is  free-burning. 
The  heat  value  varies  from  about  9,000  to  12,500  B.Th.U.  per  lb. 
on  a  dry  basis. 

The  above  review  reveals  the  reason  for  the  popularity  of  the 

travelling-grate  form  of  stoker,  to  the  almost  total  exclusion  of  the 
retort-type  machine.  It  also  reveals  the  reason  why  the  adoption  of 
pulverised  fuel  firing  has  made  such  rapid  progress.  The  fuel  available 
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for  steam  generation  is  by  no  means  ideal,  either  for  stokers  or  for 
utilisation  in  pulverised  form.     For  the  stoker  there  is  an  excess  of 


TABLE  III. 


Pul 

verised  Fuel  Installations. 

Bin- and- Feeder  Systems. 

Year    of 

Installation 

Location 

Capacity  of 

Boilers 

No.  and  Type 

Prior  to 

Metropolitan      Borough     of 

1924 

Hammersmith  Elect.  Dept. 

40.000  lb. 

5,000  sq.  ft. 

2-Stirling 

1924 

City  of   Birmingham    Elect. 

Dept. 

35,000/42,000  lb. 

5,400  sq.ft. 

6-Spearing 

" 

Derby   Corpn.    Elect.    Dept. 

60,000/80,000  lb. 

8,850  sq.ft. 

2-B.  &  W. 

_^ 

North     Metropolitan     Elect. 

Power  Supply  Co.,Willesden 

60,000/66,000  lb. 

7,200  sq.ft. 

1-B.  &  W. 

(Clayton). 

,, 

Metropolitan     Borough     of 

St.  Paneras. 

45.000/75,000  lb. 

6,546  sq.  ft. 

2-B.   &  W. 

^1 

do.                    do. 

55,000/75,000  lb. 

6,070  sq.ft. 

2-Spearing 

^_ 

Metropolitan      Borough     of 

Poplar. 

50,000/70,000  lb. 

6,200  sq.ft. 

3-Spearing 

^^ 

York   Street    Flax    Spinning 

Co.,  Belfast. 

35.000/40,000  lb. 

9,270  sq.  ft. 

l.B.   &  W. 

,j 

Synthetic      Ammonia      and 

Nitrates    Ltd.,    Stockton- 

on-Tees. 

50,000/87,000  lb. 

9,000  sq.  ft. 

2-Thompson 
Vertical 

1925 

Ashington     Coal    Co.     Ltd., 

Ashington. 

33,000/40,000  lb. 

5,904  sq.ft. 

4-Stirling 

_, 

Castner   Kellner   Alkali  Co., 

Runcorn. 

45,000  lb. 

5,294  sq.ft. 

1-B.   &  W. 

„ 

Synthetic      Ammonia      and 

Nitrates    Ltd.,    Stockton- 

on-Tees. 

84,500/ 119,000  lb. 

14.500  sq.  ft. 

4-Thompson 

j_ 

Taylor     Bros.     Ltd.,     Man- 

Horizontal 

chester. 

80,000/100,000  lb. 

1-Lopulco. 

J, 

City  of   Birmingham    Elect. 

Dept. 

150,000/180.000  lb. 

21. 140  sq.ft. 

4-S.mon- 
Carves. 

1926 

County    of    London    Elect. 

Supply  Co.,  Barking. 

135,000/187,000  lb. 

16,510  sq.  ft. 

10-B.   &  W. 

^, 

Manchester     Corpn.      Elect. 

Dept. 

120,000/130,000  lb. 

15,500  sq.  ft. 

1-B.   &  W. 

,^ 

North     Metropolitan     Elect. 

Supply  Co.,  Brimsdown. 

100,000/130.000  lb. 

10,032  sq.ft. 

5-B.   &  W. 

„ 

Shell-Mex,  Ltd.,  Shell  Haven. 

42,000/60,000  lb. 

7,320sq.ft. 

3-B.   &  W. 

,, 

Peterborough   Corpn.    Elect. 

Dept. 

80,000  lb. 

9,000  sq.ft. 

2-Spearing. 

.. 

Denaby  &  Cadeby  Colliery  Co. 

30,000/45,000  lb. 

4,850  sq.  ft. 

3-Thompson 

1927 

Brighton  Corpn.  Elect.  Dept. 

80,000/100,000  lb. 

2-Lopulco. 

,, 

Derby  Corpn.  Elect.  Dept. 

60,000/80,000  lb. 

8,851  sq.  ft. 

1-B.   &  W. 

,, 

North     Metropolitan     Elect. 

Supply  Co.,   Willesden. 

80,000/ 100,000  lb. 

11,500  sq.ft. 

2-B.   &  W. 

„ 

Liverpool    Corpn.     Elect. 

Dept. 

125,000  1b. 

15,000  sq.ft. 

3-B.   &  W. 

" 

Taylor  Bros.,  Manchester. 

35,000/45,000  lb. 

7,400  sq.ft. 

2-Vertical 
tube. 

1928 

Castner   Kellner   Alkali   Co., 

Runconi. 

45,000  lb. 

5,294  sq.  ft. 

1-B.   &  W. 

J, 

Leeds  Corpn.  Elect.  Dept. 

160.000  lb. 

17.160  sq.  ft. 

3-Stirling. 

„ 

Leicester    Corpn.     Elect. 

Dept. 

120,000/150,000  lb. 

3- Vertical 

Metropolitan     Elect.     Rlys. 

Neasden. 

100,000/125.000  lb. 

6-Lopulco. 

,^ 

Liverpool  Corpn.  Elect.  Dept. 

150,000/180,000  lb. 

18,500  sq.  ft. 

3-B.   &  W. 

Synthetic      Ammonia      and 

Nitrates    Ltd.,    Stockton- 

on-Tees. 

269,000  lb. 

6-Lopulco. 

fine  material  and  ash.     For  pulverised  fuel,  the  high  moisture  and 
ash   content,    the   prevalence   of   iron-pyrites   and    the   fact    that, 
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generally  speaking,   English  coal  is  much  harder   than   that  en- 
countered either  in  the  United  States  or  on  the  Continent,  are  factors 


TABLE  IV. 


Pulverised  Fuel  Installations. 

Direct-Fired  Systems. 

Year  of 

Installation 

Location 

Capacity  of  Boilers 

No.  and  Type 

Prior  to 

1924 

Baldwins    Ltd.,    Swansea. 
Ebbw  Vale  Steel,   Iron  and 

15,000  1b. 

1-B.   &  W. 

Coal  Co. 

20,000  lb. 

2-Thompson, 

Lambton  &  Hetton  Colliery, 

Newcastle. 

15,000  lb. 

1-B,   &  W. 

Park  Gate  Iron  &  Steel  Co.. 

Rotherham. 

15,000  1b, 

2-B.   &  W. 

Prices     Patent    Candle    Co., 

Battersea. 

12,000  lb. 

I-B.   &  W. 

Thornycrofts,    Ltd.,    South- 

ampton. 

15,000  1b. 

2-Thornycroft. 

Peterborough   Corpn.    Elect. 

Vickers- 

Dept. 

40,000  lb. 

5.938  sq.  ft. 

2-Spearing. 

J, 

Blaina     Colliery     Co.,      Nr. 

Swansea. 

6,000/8,000  lb. 

1,620  sq.ft. 

l-Stirling. 

Alfred  Herbert  Ltd., 

Edgwick. 

870sq.  ft.  H.S. 

1-B.   &  W. 

1924 

North     Metropolitan     Elect. 

Supply  Co.,  Brimsdown. 

9,600  lb. 

1,966  sq.  ft. 

2-B.   &  W. 

Stewarts     &     Lloyds,     Ltd. 

Coatbridge. 

10,800  lb. 

2,700  sq.  ft. 

1-B.   &  W 

Guest,   Keen    &   Nettlefolds. 

Ltd..   Cardiff. 

15,000  lb. 

3.428  sq.  ft. 

2-B.   &  W. 

1925 

Pilkington  Bros.,  St.  Helens. 

35,000/50,000  lb. 

8,280  sq.  ft. 

1-B.   &  W. 

Owners  of  Pelton  Collieries 

48,000  lb. 

15,800  sq.  ft. 

5-Woodeson. 

1926 

Metropolitan  Carriage,  Wagon 
and     Finance     Co.     Ltd., 

Birmingham. 

30,000/40,000  lb. 

6,177  sq.ft. 

West   Midlands  Joint   Elect. 

Authority,  Walsall. 

60,000/65,000  lb. 

8,560  sq.  ft. 

3-Thompson. 

Birmingham    Corpn.,    Hams 

Hall. 

200,000/240,000  lb 

20.000  sq.  ft. 

5-B,   &  W. 

Stretford     District     Council 

Elect.  Dept. 

18,000  1b. 

3,428  sq.ft. 

1-B.   &  W. 

Pooley   Hall   Colliery. 

15,000  1b. 

3,500  sq.ft. 

3-B.   &  W. 

Clarke,  Chapman  &  Co.  Ltd., 

Gateshead-on-Tyne. 

I-Woodeson. 

Tilmanstone  (Kent)  Colliery. 

45,000  lb. 

7,196  sq.  ft. 

2-Stirhng. 

West  Bromwich  Corpn.  Elect. 

Dept. 

30,000  lb. 

5.000  sq.ft. 

3-B.   &   W 

,, 

Whitehaven      CoUiery      Co. 

Ltd., Whitehaven.  Cumber- 

land. 

30.000  lb. 

4,020  sq.ft. 

3-B.   &  W. 

1927 

Houghton  Main  Collierv  Co. 
Vale  of  Neath  Colliery  Co., 

19,200  lb. 

3,960  sq.ft. 

2-Woodeson. 

Aberpergwn,  Glamorgan. 

25,000  lb. 

3,532  sq.  ft. 

2-Simon- 
Carves. 

Wallasey  Corpn.  Elect.  Dept. 

70,000  lb. 

7.592  sq.  ft. 

2-Simon- 
Caives. 

Clarke,     Chapman     &     Co., 

Marine 

Gateshead-on-Tyne. 

Scotch  Blr. 

Londonderry  Collieries. 

36,000  lb. 

6.480  sq.ft. 

1-Woodeson. 

^^ 

Thome  Colliery  Co.  Ltd. 

45,000/50,000  lb. 

6,000  sq.ft. 

2-B.   &  W. 

Edmundsons  Elect.  Co.  Ltd., 

Hayle.  Nr.  Plymouth. 

20,000  lb. 

3,850  sq.ft. 

1-B.   &  W. 

.. 

Horden  Colliery. 

50,000  lb. 

7,500 sq.  ft. 

3-B.   &  W. 

1928 

Powell  Duffryn  Steam  Coal 

Co.,  Aberaman. 

30,000/35,000  lb. 

5,346  sq.  ft. 

1-B.   &  W 

Charlaw  Sacriston  Collieries 

Co. 

12,000  1b. 

2-B.   &  W. 

Holmside  &  Southmoor  Coal 

Co. 

6-Lancashire. 

Luton   Corporation. 

2-Woodeson. 

- 

Stepney  Borough  Council. 

3-Spearing. 
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to  be  dealt  with.  Pulverised  fuel  firing,  however,  makes  possible 
the  utilisation,  at  good  efficiency  and  capacity,  of  considerable 
quantities  of  fine  coal  now  being  wasted,  and  simplifies  the  firing 
of  the  large  furnaces  required  for  the  large  and  rapidly  increasing 
size  of  boiler  units  coming  into  use. 

The  extent  to  which  pulverised  fuel  firing  has  been  adopted  in 
England  and  the  rate  at  which  it  has  gained  in  popularity  is  best 
indicated  by  Tables  III.  and  IV. 

The  following  discussion  is  based  on  experience  as  gained  by  the 
author  in  his  intimate  association  with  the  design  and  operation  of 
Pulverised  Fuel  Plants,  among  them  being  many  of  the  plants 
enumerated  in  Tables  III.  and  IV. 

SYSTEMS  OF  PULVERISED  FUEL  FIRING 

Two  systems  as  applied  to  boiler  plants  have  become  weU  established 
in  England,  viz.: — 

(1)  The  bin-and-feeder  system    (sometimes   referred   to   as   the 

central  grinding  system),  and 

(2)  The  direct-fired  system  (sometimes  referred  to  as  the  unit 

system). 

The  bin-and-feeder  system  is  characterised  by  a  pulveriser  or 
pulverisers  which  deliver  their  product  to  a  pulverised  coal  storage 
bin,  from  which,  through  the  medium  of  suitable  feeders,  a  regulated 
supply  of  coal  is  fed  to  the  furnace  through  burners  so  applied  as 
to  proportion  and  mix  the  coal  with  the  required  air  for  combustion. 
In  the  early  plants  the  pulverisers  were  almost  invariably  grouped 
together — usually  in  a  separate  building.  There  the  total  require- 
ments of  coal  for  the  entire  boiler  plant  were  pulverised  and  later 
distributed  to  the  individual  bins  supplying  the  several  boilers. 
Hence  the  name — central  grinding  system. 

There  followed  plants  so  arranged  that  the  pulverisers,  instead  of 
being  grouped  together,  were  more  closely  associated  with  the  boiler 
units  and  the  pulverised  product  was  dehvered  direct  to  the  in- 
dividual boiler  bins.  This  departure  upset  the  significance  of  the 
designation  "central  grinding  S3^stem"  and  it  was  often  referred  to 
as  the  "storage  system."  It  is  only  recently  that  this  system  has 
become  known  as  the  "bin-and-feeder"  system,  a  title  which  is 
sufficiently  descriptive  and  at  the  same  time  broad  enough  to 
designate  the  system  properly  in  all  its  forms. 

The  direct-  fired  system  is  characterised  by  a  pulveriser  or  pulverisers 
which,  supplied  with  a  regulated  feed  of  raw  or  coarse  coal,  deliver 
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Fig.  1.     Bin-and-Feeder  System.     Diagrammatic  arrangement 
typical  of  plants  operating. 
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the  pulverised  product  direct  to  the  furnace  through  suitable  burners. 
Here,  again,  the  designation  supersedes  the  previous  inadequate 
title  "unit  system"  applied  in  the  earlier  period  of  development  when 
one  small  pulveriser  supplied  one  comparatively  small  boiler. 
Reliability  and  the  increasing  size  of  boilers  soon  demanded  a 
multiphcity  of  pulverisers.  Furthermore,  it  is  not  impossible, 
or,  indeed,  an  unknown  occurrence  to  apply  the  bin-and-feed  system 
on  a  unit  basis,  i.e.,  one  pulveriser  with  its  corresponding  bin  and 
feeders  per  boiler  unit.  The  designation  'direct-fired  system'  is 
sufficiently  descriptive  to  avoid  any  possibility  of  confusion,  and  is 
broad  enough  to  cover  the  system  to  which  it  applies  in  all  its 
modifications.     As  such,  it  appears  to  meet  all  requirements. 

The  Bin-and-Feeder  System 

An  arrangement  of  plant  typical  of  many  now  operating  is  indicated 
in  Fig.  1,  an  arrangement  patterned  after  the  design  prevalent  for 
a  number  of  years  in  the  U.S.A.  There  is  little  about  the  raw  or 
coarse  coal  handling  plant  as  appl5àng  to  pulverised  fuel  to  warrant 
lengthy  comment.  It  differs  only  in  that,  for  the  greatest  satis- 
faction in  handling  coal  through  the  system,  the  coal  should  be 
screened  through  about  a  2-in.  mesh  and  it  should  be  passed  over 
a  magnetic  separator  to  remove  the  iron  which  finds  its  way  from 
various  sources  into  the  coal  supply.  While  both  are  advisable, 
neither  is  essential.  Let  us  pass  on  to  the  outlet  from  the  raw  coal 
bunkers  and  start  our  discussion  with  the  subject  of  drying. 

Drying  and  Dryers. — To  utilise  wet  coal  successfully,  it  becomes 
necessary  to  dry  it  to  a  point  such  that  it  may  be  successfully  handled 
through  the  various  elements  of  the  system.  To  the  extent  that 
we  so  design  equipment  that  it  will  handle  wet  fuel,  we  lessen  the 
necessity  for  drying.  With  a  system  of  elements  so  arranged  that 
the  coal  passes  through  them  in  series,  however,  that  element  which 
has  the  minimum  moisture-handling  hmit  determines  the  point  to 
which  the  coal  must  be  dried.  It  becomes  apparent,  therefore,  that 
if  we  would  reduce  our  drying  problem  we  should  direct  our  attention 
to  the  improvement  of  these  elements  having  a  low  moisture-handhng 
limit  in  order  that  this  hmit  may  be  raised  to  equal  that  of  the  best 
element  in  the  system.  Our  ultimate  object  should  be  so  to  perfect 
the  equipment  in  this  respect  that  no  drying  is  necessary.  Such  a 
goal  does  not  appear  to  be  impossible  for  the  large  majority  of  cases. 

Theoretically,  no  heat  loss  results  from  the  drying  process.  The 
moisture  which  is  in  the  coal  as  received  must  be  evaporated  either 
in  a  dryer  or  in  the  furnace,  and  approximately  the  same  amount  of 
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heat  will  be  required  in  either  case.  Actually,  a  loss  of  heat  is 
usually  associated  with  drying  prior  to  feeding  the  coal  to  the 
furnace,  owing  to  the  inefficient  means  of  applying  heat  in  dryers 
as  compared  with  the  efficiency  of  heat  apphcation  in  the  furnace. 
In  considering  the  heat  required  to  dry  coal  in  a  dryer,  however, 
it  is  important  that  we  do  not  get  a  distorted  view  of  magnitude  by 
failing  to  consider  the  amount  of  heat  which  would  be  absorbed  in 
the  furnace  by  the  moisture  in  the  coal  if  it  were  not  removed  by 
pre-drying. 

Two  forms  of  moisture  are  recognised,  commonly  designated  as 
free  moisture  and  inherent  or  hygroscopic  moisture.  The  former  is 
that  which  the  coal  gives  up  when  exposed  to  atmospheric  air,  at 
atmospheric  temperature.  The  latter  is  that  which  is  retained 
after  continued  exposure  to  atmospheric  air,  and  it  imparts  no  sensa- 
tion of  wetness.  It  is  well  estabhshed  that  the  harmful  influence  of 
moisture  on  the  behaviour  of  coal  in  the  various  elements  of  a 
pulverised  fuel  plant  may  be  almost  whoUy  charged  to  free  moisture. 
It  is  also  well  estabhshed  that  it  is  not  usually  the  uniformly  distri- 
buted moisture  which  results  in  difficulty,  but  rather  a  concentration 
of  moisture  resulting  from  condensation  at  points  where  the 
pulverised  product  comes  in  contact  with  inadequately  insulated 
surfaces.  It  follows,  therefore,  that  the  moisture  content  of  a  coal 
expressed  as  a  total  gives  no  indication  as  to  the  necessity  for  drying 
or  the  extent  of  drying  required.  Some  high-grade  bituminous 
coals  carrying  as  much  as  6  to  8  per  cent,  of  total  moisture  may 
require  drying  in  order  to  be  handled  with  any  degree  of  satisfaction. 
There  are  deposits  of  hgnite  which  may  be  handled  with  complete 
satisfaction  with  as  much  as  30  per  cent,  moisture.  To  state 
inteUigently  the  Hmiting  percentage  of  moisture  which  may  be 
handled  without  drjdng  requires  experience  with  the  coal  under 
consideration  or  with  coal  closely  approaching  it  in  characteristics. 
In  any  event  the  Hmit  is  continually  being  raised  by  improvements 
in  equipment  and  in  plant  design. 

Until  a  very  few  years  ago,  the  best-known  form  of  dryer  was  the 
horizontal  indirect-fired  rotary  dryer,  of  which  there  are  many 
examples  in  service  for  drying  coal  and  other  materials.  The  most 
conspicuous  feature  in  the  drjdng  field  is  the  number  of  dryers  which 
have  been  developed  and  have  proved  failures.  Unfortunately,  how- 
ever, the  horizontal  indirect-fired  rotary  dryer,  though  an  acknow- 
ledged success  as  an  effective  dryer,  is  sufficiently  handicapped  by 
disadvantages  which  might  be  discussed  under  such  headings  as 
space  requirements,  extra  coal-handling  equipment  and  dry  coal 
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bunkers  required,  attendance,  cost,  efficiency  and  dust  nuisance, 
that  it  has  never  become  popular  for  power  station  practice  in  spite 
of  disappointments  experienced  with  other  forms. 

It  was  early  recognised  that  a  vertical  form  of  dryer,  through  which 
the  coal  would  flow  by  gravity  in  response  to  mill  demand,  was  most 
desirable.  Such  a  unit  eliminates  the  necessity  for  dry  coal  handling 
equipment  and  storage,  with  consequent  danger  of  bunker  fires;  no 
extra  operating  labour  is  required,  and  building  space  is  provided  by 
the  addition  of  a  few  feet  in  height.  The  advantage  of  the  absence 
of  moving  parts  was  also  recognised.  The  heat  required  for  the 
drying  process  with  this  form  of  dryer  was  supplied  through  the 
medium  of  hot  flue  gases  after  they  had  left  the  heat-absorbing 
surfaces  of  the  steam-generating  unit,  or  steam  at  moderate  pressure, 
or  a  combination  of  both.  Though  a  considerable  number  of 
dryers  answering  to  the  above  general  description  have  been  installed 
and  are  operating,  their  history  is  not  a  happy  one.  Inability  to 
obtain  a  uniformly  distributed  flow  of  gas  in  the  required  volume 
through  the  coal  bed;  failure  to  obtain  a  uniform  flow  of  coal  over  the 
full  cross-section  of  the  coal  stream,  with  consequent  local  fires  due 
to  overheating;  and  dust  nuisance  resulting  from  the  fine  coal 
picked  up  by  the  gas  or  air  in  its  passage  through  the  coal  bed,  are 
some  of  the  difficulties  experienced.  With  a  nutty  coal,  reasonably 
free  from  fines  and  sufficiently  dry  to  enable  it  to  flow  freely,  the 
dryers  operate  fairly  satisfactorily.  With  very  fine,  wet  coal, 
however,  troubles  have  been  encountered.  In  other  words,  their 
abihty  to  function  varies  inversely  with  the  need  of  it.  As  a  result, 
their  utility  is  reduced  to  a  very  narrow  field  of  application. 

To  overcome  the  obvious  limitations  of  the  dryers  discussed  above, 
recent  efforts  have  been  devoted  to  the  development  of  steam- 
heated  dryers,  retaining  the  advantage  of  gravity  flow  but  supple- 
menting it  with  positive  propelling  equipment  for  ensuring  a 
uniform  flow  of  coal  through  the  unit.  A  further  advantage  is  that 
the  air  circulation  for  carrying  away  the  vapour  does  not  pass  through 
the  coal,  with  the  result  that  the  dust  nuisance  present  with  the  pre- 
vious forms  is  diminished  to  the  point  of  elimination.  The  function- 
ing of  this  form  of  unit  promises  well  for  its  complete  success. 
It  has  the  disadvantage,  however,  of  being  expensive. 

We  may  say  with  confidence  that  the  drying  problem  is  on  the  eve 
of  solution.  We  may  also  say  that  the  steady  progress  in  the  im- 
provements taking  place  in  the  design  of  other  elements  of  the 
system,  by  virtue  of  which  the  moisture  limit  with  which  the  system 
will  deal  satisfactorily  is  raised,  is  such  that  it  now  appears  that  by 
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about  the  time  when  dryers  are  perfected  they  will  be  no  longer 
required  in  other  than  exceptional  cases. 
A  means  of  drying  which  has  already  attained  sufficient  success 
for  it  to  be  properly  looked  upon  as  being  a  big  stride  forward 
in  the  realisation  of  the  ambition  to  eliminate  dryers  (as  such),  is 
that  of  circulating  hot  air  or  flue  gas  through  the  mill  circuit. 
This  may  be  applied  to  either  the  "direct-fired"  or  to  the  "bin-and- 
feeder"  system.  In  the  former  system  a  portion  or  all  the  air 
passing  through  the  pulveriser  is  drawn  from  the  heated  air  supply 
from  the  flue  gas  air  pre-heaters.  In  the  latter  a  similar  arrange- 
ment may  be  adopted,  though  it  renders  a  close  association  of  the 
pulverising  unit  with  the  boiler  unit  desirable,  if  not  essential. 
The  application  of  this  form  of  drying  will  be  referred  to  on  a 
subsequent  page. 

Pulverising  and  Pulverisers. — Pulverising  of  granular  materials 
is  an  old  art,  and  practically  no  change  has  been  made  in  fundamental 
design  of  equipment  for  application  to  the  pulverisation  of  coal. 
In  England  the  well-known  Raymond,  FuUer-Lehigh  and  Hardinge 
mills  supply  the  requirements.  Ball  mills  of  the  conical  or  tubular 
type  have,  thus  far,  not  become  popular  for  pulverising  coal.  The 
inherent  inability  of  this  type  of  mill  to  handle  moisture  is  perhaps 
the  chief  cause,  though  the  noise  associated  with  their  operation  is 
also  a  contributing  factor.  The  energy  consumption  per  ton  of 
coal  pulverised  is  not  prohibitive,  though  high,  and  the  maintenance 
cost  is  lower  than  for  any  other  type.  For  hard,  abrasive  fuel,  such 
as  anthracite  coal  or  coke,  they  are  superior  to  all  other  pulverisers. 

When  we  consider  the  widely-varying  characteristics  of  coal  from 
lignite  to  anthracite,  as  well  as  the  variation  in  ash  and  moisture 
contents  encountered  with  each  grade,  it  is  not  surprising  that 
guarantees  received  in  response  to  enquiries  vary  over  a  wide  range. 
Actual  experience  covering  the  coal  specified  is  all  too  often  not  to 
hand,  in  the  absence  of  which  the  manufacturer  must  make  deduc- 
tions as  best  he  can. 

Wear  is  a  factor  which,  unfortunately,  is  associated  with  any 
grinding  operation.  It  is  intimately  associated  with  the  pulverisa- 
tion of  coal  and  varies  widely  with  the  character  of  the  coal  and  its 
ash  content.  Generally  speaking,  it  increases  with  the  hardness  of 
the  coal,  the  percentage  of  ash  and  the  moisture  content.  The 
presence  of  abrasives  in  the  coal,  of  which  iron  pyrites  is  perhaps  the 
most  prevalent,  has  a  large  influence.  Hard  anthracite  coal  should 
probably  not  be  ground  in  other  than  a  ball  mill  of  the  tubular  or 
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conical  type.  Metallurgical  coke  effects  an  amount  of  wear 
approaching  the  prohibitive  in  any  type  of  mill. 

The  problem  is  not  how  to  prevent  wear  but  how  to  accept  it  with 
the  minimum  expense.  The  solution  hes  in  a  careful  selection  ot 
materials  for  wearing  parts,  the  proper  proportioning  of  wearing 
parts,  design  of  details  permitting  wearing  parts  to  be  readily  and 
cheaply  renewed,  and  an  arrangement  of  associated  parts  such  that 
connecting  pipework  may  be  as  straight  and  short  as  possible. 
Chilled  cast  iron,  heat-treated  alloy  steel  and  manganese  steel  thus 
far  have  proved  to  be  the  best  materials  for  those  parts  subjected  to 
intense  wear,  and  ordinary  mild  steel  of  suitable  thickness  for  those 
parts,  such  as  straight  pipes,  etc.,  which  are  subjected  to  wear  of 
lesser  intensity.  Pipe-bends  between  the  mill  and  cyclone  should 
be  avoided  wherever  possible,  but,  where  necessary,  should  be  made 
of  cast  iron,  heavy-gauge  plate  or  steel  pipe  cement-lined.  Cyclones 
should  be  lined  throughout  with  renewable  plates  or  cement.  In 
the  author's  opinion  exhausters  should  be  on  the  air  side  of  the 
circuit  to  avoid  the  severe  wear  on  the  impeller  which  takes  place 
when  the  exhauster  handles  the  mixture  of  coal  and  air  with  the 
plant  arranged  as  in  Fig.  2.  Fig,  3  is  a  modified  arrangement  with 
the  exhauster  properly  located,  and  is  typical  of  the  arrangement 
adopted  by  the  author  for  all  plants  designed  since  early  in  1926. 

Apart  from  the  advantage  of  avoiding  wear  on  the  exhauster 
impeller,  the  arrangement  shown  in  Fig.  3  has  further  advantages. 
It  places  all  parts  of  the  system,  except  the  short  length  of  pipe 
between  the  exhauster  and  the  mill,  under  a  pressure  below  that  of 
the  surrounding  atmosphere,  with  the  result  that  any  leak  which 
takes  place  admits  air  into  the  system,  and  this  air  ultimately  finds 
its  way  out  through  the  vent  rather  than  permit  coal-laden  air 
to  be  discharged  into  the  pulverising  room.  It  allows  advantage  to 
be  taken  of  the  centrifugal  separation  of  coal  dust  and  air  which 
takes  place  in  the  exhauster  in  providing  a  coal-free  air  at  the 
vent.  By  virtue  of  the  energy  delivered  to  the  exhauster,  approxi- 
mately 50  per  cent,  of  which  is  converted  into  heat  and  delivered  to 
the  air  handled,  the  temperature  of  the  return  air  is  raised  and  the 
trouble  from  condensation  minimised. 

Condensation  of  moisture  in  the  pulveriser  circuit  is  a  source  of 
annoyance,  the  prevention  of  which  merits  consideration.  The 
air  circulating  in  the  mill  system  becomes  almost  immediately 
saturated  with  moisture  absorbed  from  the  coal,  the  actual  amount 
taken  up  being  influenced  by  the  rise  in  temperature  resulting  from 
the  pulverising  effort.     All  the  energy  appHed  in  the  process  is 
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Fig.  3.     Up-to-date  System  of  Mill  Piping. 
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converted  into  heat,  the  immediate  effect  of  which  is  to  increase  the 
temperature  of  the  air  and  coal  in  the  system.  This  heat  is 
ultimately  dissipated  not  only  through  the  discharge  of  the  pulverised 
product  at  a  temperature  higher  than  that  of  the  raw  coal  entering, 
through  the  vent  air  escaping  at  a  higher  temperature  than  that  of 
the  air  leaking  into  the  system,  and  through  the  heat  contained 
in  the  evaporated  moisture  carried  out  of  the  system  with  the  pul- 
verised coal  and  the  vent  air,  but  also,  largely,  in  the  closed  system,, 
by  radiation  from  the  mill,  piping  and  cyclone  surfaces.  The 
temperature  of  these  surfaces  will  rise  to  such  a  point  above  room 
temperature  that  equihbrium  wall  be  established  between  the  amount 
of  heat  received  through  the  conversion  of  energy'  and  from  other 
sources  and  that  radiated  into  the  atmosphere. 

The  temperature  is  highest  at  the  mill  outlet  (or  at  the  exhauster 
outlet  if  the  system  is  arranged  as  in  Fig.  2).  From  this  point  on, 
cooling  takes  place  by  radiation.  Immediately  the  temperature 
in  the  system  falls  below  the  dew  point,  precipitation  of  moisture 
occurs.  In  the  coal  and  air  pipe  and  in  the  cyclone,  moisture  so 
precipitated  is  reabsorbed  by  the  pulverised  coal  and  leaves  the 
system  uniformly  distributed.  Temperature  reduction  and  con- 
densation continue  in  the  return  air  pipe.  The  precipitated  moisture 
is  absorbed  by  the  very  limited  amount  of  coal  dust  present,  which 
becomes  saturated  and  deposits  on  the  interior  surface  of  the  pipe 
and  in  the  return  air  chamber  of  the  pulveriser. 

The  insulation  of  the  entire  system  results  in  its  temperature  being 
raised  to  such  a  point  that,  by  virtue  of  the  increased  temperature 
difference,  the  same  amount  of  heat  penetrates  the  insulation  and 
is  radiated  to  the  atmosphere  as  before.  Hence  the  insulation 
serves  no  useful  purpose.  We  may,  however,  with  advantage, 
insulate  the  return  air  pipe  from  cyclone  to  mill,  leaving  the  rest  of 
the  system  bare  to  radiate  the  heat  received  at  the  minimum  possible 
temperature.  As  a  result,  the  temperature  of  the  system  is  raised 
but  little  above  that  of  an  entirely  uninsulated  system;  the  insulation 
on  the  return  air  pipe  effectively  Hmits  temperature  reduction  to 
a  minimum,  and  condensation  and  its  consequent  annoj'ance  are 
largely,  if  not  wholly,  eliminated.  If  operated  on  the  open  system, 
the  whole  of  it  should  be  insulated,  as  the  heat  received  will  be  carried 
away  by  the  constant  circulation  of  air  into  and  out  of  the  system. 

Having  correctly  installed  the  pulverising  units,  their  proper 
operation  is  of  prime  importance  in  securing  low  energy  consumption, 
high  output  and  long  hfe  of  wearing  parts.  The  most  important 
factor  in  this  respect  is  to  keep  the  pulveriser  properly  loaded. 
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Underloading  is  an  all-too-frequent  offence.  Lubrication  and 
periodical  inspection  and  renewal  of  wearing  parts  are  also  im- 
portant, and  the  manufacturers'  instructions  on  these  points  should 
be  carefully  carried  out. 

PULVERISED-FUEL  TRANSPORT  AND  TRANSPORTERS. — As   has  been 

indicated  already,  coal  may  be  pulverised  in  intimate  association  with 
the  boiler  units,  or  it  may  be  pulverised  in  a  separate  building 
isolated  from  the  boilers.  In  the  latter  case,  some  form  of  transport 
for  the  pulverised  product  to  the  bins  serving  the  boiler  units  is 
essential;  in  the  former  case  it  is  desirable  to  the  extent  of  making 
the  product  of  any  pulveriser  available  to  any  boiler  unit. 

Transport  systems  for  pulverised  fuel  are  of  two  general  classes, 
namely,  air  transport  and  mechanical  transport.  Two  forms  of 
air  transport,  both  using  compressed  air  as  the  carrying  and  pro- 
pelling medium,  are  in  use,  namely,  the  intermittent  or  "shooting" 
system  and  the  continuous  "pump"  system. 

For  English  power  station  service  the  shooting  system  is  not  used. 
It  consists  primarily  of  an  air-tight  tank  fitted  with  proper  air  and 
coal  connections  and  filled  with  pulverised  fuel  from  the  pulveriser 
or  from  an  intermediate  storage  bin,  following  which  compressed  air 
is  applied  and  the  complete  charge  blown  through  a  connecting  pipe- 
line to  a  bin  at  the  point  of  consumption.  In  addition  to  the 
compressed-air  pressure  behind  the  coal,  a  certain  amount  of  com- 
pressed-air must  be  injected  into  the  coal  stream  at  the  point  where 
it  leaves  the  tank,  to  give  it  the  necessary  fluid  condition  to  make  it 
flow  freely.  The  chief  factors  which  have  prevented  this  system 
from  becoming  popular  for  power  station  service  are  :  high  energy 
consumption,  its  inability  to  handle  coal  with  high  moisture  content, 
the  dust  nuisance  incidental  to  disposing  of  the  air  in  the  coal  at 
the  delivery  end  and  cost  of  installation.  One  of  its  chief  virtues 
is  the  ease  with  which  a  weighing  system  may  be  incorporated. 
By  placing  the  tank  on  suitable  scales  and  making  the  connections 
to  the  tank  of  suitable  flexibility,  all  coal  transported  may  be 
readily  weighed.  This  system  is  well  adapted  to  central  grinding 
installations,  supplying  small  quantities  of  coal  to  a  number  of 
scattered  points,  and  is  popular  for  that  service. 

The  continuous  or  pump  system,  now  in  service  in  England  in  a 
number  of  installations,  consists  essentially  of  a  long  steel  or  cast 
iron  screw  or  spiral  driven  at  high  speed  in  a  cast  iron  cylinder  or 
barrel  communicating  at  one  end  with  a  source  of  pulverised  fuel 
and  discharging  at  the  other  end  into  a  pipe  line  connecting  with  a 
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distant  bin  at  the  point  of  consumption.  The  screw  or  spiral  acts 
as  a  feeder  and  at  the  same  time  as  a  seal  to  prevent  the  backward 
flow  of  compressed  air  injected  into  the  coal  at  the  point  where  it 
leaves  the  screw  and  enters  the  pipe  Hne.  Coal  may  be  delivered  by 
this  system  to  any  reasonable  distance  and  height. 

Distances  up  to  2,000  ft.,  and  heights  of  over  100  ft.,  have  been 
dealt  with  successfully.  The  chief  advantage  of  this  system  is  that 
it  permits  the  preparation  plant  to  be  located  more  or  less  inde- 
pendently of  the  layout  of  the  boiler  plant.  The  disadvantages 
are  :  high  first  cost,  low  moisture-handUng  capacity,  high  energy 
consumption  and  dust  nuisance  from  the  bin  vents  arising  from  the 
discharge  of  the  air  used  for  transport.  At  the  moment  there  are 
several  examples  of  this  system  operating  in  England;  but,  with  the 
increasing  tendency  to  arrange  the  mills  in  close  association  with  the 
boiler  units,  it  seems  probable  that  its  use  will  decrease  rather  than 
increase. 

Properly  designed  and  constructed,  the  screw  conve\'or  is  a  most 
satisfactory  form  of  transport.  The  trough  should  be  of  cast  iron 
with  machined  joints  and  with  a  cover  so  designed  that  it  may  be 
easily  put  in  place  or  removed,  and  so  that  when  it  is  put  in  place  it 
forms  a  dust-tight  joint  with  the  top  of  the  trough.  The  screw 
should  be  preferably  of  cast  iron  with  the  flights  given  sufficient  rake 
to  prevent  packing  of  the  coal  and  the  ultimate  jamming  of  the 
screw.  For  handling  wet  coal,  the  trough,  and  preferably  the  cover 
also,  should  be  lagged  to  prevent  cooling  of  the  warm  coal  and  con- 
sequent condensation  of  moisture  in  the  contained  air.  Conveyors 
of  this  class  are  normally  installed  horizontally,  though  they  \\dll 
function  satisfactority  for  delivering  coal  up  a  moderate  incline. 
The  chief  advantages  are  :  low  first  cost,  very  low  energ\-  con- 
sumption, high  moisture-handling  capacit\%  freedom  from  dust 
nuisance,  low  maintenance,  and  high  degree  of  rehability.  The 
only  disadvantages  are  :  its  lack  of  adaptability  to  awkward  la}'outs, 
and  its  hmited  usefulness  as  an  elevator.  With  proper  layouts, 
however,  the  disadvantages  do  not  arise. 

Pulverised  Fuel  Bins. — By  virtue  of  its  position  between  the 
pulverising  or  preparation  plant  and  the  boiler,  the  pulverised  fuel 
bin  with  its  several  hours'  supply  of  refined  product  is  a  most  im- 
portant safeguard  against  a  shut-down.  With  a  supply  of  fuel 
available  which  has  been  delivered  to  the  bin  via  an  air  current  to 
the  cyclone  separators  of  the  pulverising  system,  and  thence 
by  the  transport  system  to  the  bin,  we  may  feel  secure  against  the 
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possibility  of  a  shut-down  due  to  the  presence  of  foreign  material 
in  the  form  of  rock,  wood,  large  lumps  of  coal  and  bits  of  iron  which 
may  exist  in  the  raw  coal.  The  preparation  plant  must  deal  with 
the  fuel  in  crude  form — foreign  material  and  aU.  The  equipment  is 
built  to  stand  severe  service,  but  is  subject  to  interruption  in  opera- 
tion due  to  breakdown,  stoppage  of  feed  due  to  arching  of  the  fuel 
in  the  bunker,  the  coal  spout  and  the  feed  hopper,  to  jamming  of  the 
feeder  with  foreign  material  and  to  other  unforeseen  causes. 
Nothing  short  of  a  major  breakdown  requiring  many  hours  for  repair, 
however,  causes  an  interruption  to  boiler  operation,  and  even  then 
it  does  not  occur  except  in  the  plant  depending  upon  only  a  single 
unit  of  preparation  plant.  With  more  than  one  unit,  the  universal 
practice  is  to  interconnect  the  various  units  through  the  pulverised 
fuel  transport  in  such  a  manner  that  all  of  the  preparation  units 
become  available  to  any  or  all  of  the  boiler  units. 

The  capacity  of  the  pulverised  fuel  bin  is  a  matter  of  judgment 
and  compromise  :  cost,  space  limitations,  character  of  coal  and 
operating  routine  all  play  a  part.  A  capacity  of  from  8  to  16 
hours'  operation  at  normal  rating  usually  meets  all  requirements. 

Bimkers  may  be  constructed  of  concrete  or  of  steel  plates  with  sides 
making  an  angle  with  the  horizontal  of  not  less  than  60°.  One 
vertical  side  is  an  advantage,  but  is  not  essential  if  the  feeding 
mechanism  incorporates  a  proper  agitating  device  in  the  bottom  of 
the  bunker. 

Bunkers  should  be  thoroughly  insulated,  including  the  roof,  to 
prevent  trouble  from  condensation  arising  from  cooling  of  the  air 
and  the  warm  air-saturated  coal.  If  constructed  of  steel,  the  insula- 
tion should  preferably  take  the  form  of  a  lining  placed  inside  in  order 
to  secure  the  advantage  of  protection  to  the  plates  against  corrosion. 

Feeders. — The  development  of  a  thoroughly  successful  feeding 
unit  has  not  been  free  from  disappointments.  In  addition  to  the 
usual  requirements  of  accessibility,  reliability,  etc.,  to  be  fuUy 
successful  a  feeder  should  prevent  coal  from  arching  in  the  bunker, 
should  be  but  little  affected  in  capacity  or  power  consmnption  by 
moisture,  should  feed  the  coal  uniformly  without  piilsation,  and  must 
be  free  from  dust  leakage  into  the  room. 

The  screw  feeder  has,  in  England,  definitely  outHved  its  usefulness. 
Its  faults  are  too  well  known  and  fully  acknowledged  to  merit 
discussion.  It  has  been  superseded,  however,  by  feeders  which 
answer  in  a  very  practical  way  the  qualifications  of  a  successful 
feeder  as  enumerated  above.     Fig.  4  is  an  example  of  a  type  which 
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has  proved  highly  successful.  As  will  be  observed,  it  is  characterised 
by  a  vertical  shaft  which  rotates  the  feeder  wheel  and  an  agitator. 
The  agitator  prevents  any  tendency  of  the  coal  to  arch,  keeping  the 
entire  volume  of  coal  in  motion,  and  ensures  a  steady  flow  of  coal  to 
the  feeder  wheel. 

The  feeder  wheel,  receiving  its  supply  from  two  diametrically 
located  spouts  through  the  bimker  bottom,  dehvers  its  coal  to  two 
corresponding  outlets  displaced  from  the  spouts  by  an  angle  of 


Fig    4. — Pulverised  Fuel  Feeder. 


approximately  45  degrees.  The  action  of  gravity  in  this  instance 
is  assisted  by  a  blast  of  air  through  the  wheel  pockets  when  discharg- 
ing. The  air  suppHed  from  the  primary  air  duct  to  the  chamber 
above  the  feeder  wheel  flows  under  the  influence  of  the  differential 
pressures  existing  between  the  primary  air  duct  and  the  throat  of 
the  Venturi  discharge  pipe.  As  arranged,  Fig.  4  is  a  duplex  unit 
supplying  two  independent  delivery  pipes.  Shut-off  gates  are 
provided,  however,  permitting  the  operation  of  either  unit 
independently   of   the   other. 
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Combustion  Process. — The  rapidity  with  which  the  process  oi 
combustion  of  pulverised  coal  may  be  carried  out  depends  upon 
several  factors.  The  following  conditions  may  be  stated  as  repre- 
senting the  ideal: — 

(1)  The  coal  should  be  reduced  to  infinite  fineness. 

(2)  The  coal  and  air  should  be  pre-heated  to  the  ignition  tempera- 
ture of  the  coal. 

(3)  The  coal  and  air  should  be  brought  together  in  correct  pro- 
portions and  as  a  perfect  mixture  at  the  furnace  entrance.  That  is 
to  say,  each  atom  of  carbon  should  enter  the  furnace  intimately 
associated  with  two  atoms  of  oxygen  to  burn  it  completely. 

Under  these  conditions  combustion  would  be  instantaneous  ;  the 
heat  liberated  per  cubic  foot  of  furnace  volume  would  be  limited 
only  by  the  rate  at  which  combustible  mixture  could  be  delivered 
to  it,  and  the  furnace  volume  would  be  a  function  of  the  velocity 
of  the  mixture  fed  to  it  and  of  the  combustion  products  led  from  it. 
The  time  element  for  combustion  to  take  place  would  not  exist. 
Practically,  the  ideal  conditions  can  in  no  case  be  realised,  since  : — 

(1)  It  is  neither  practical  nor  economical  to  reduce  coal  to  infinite 
fineness.  The  cost  of  pulverising  equipment,  its  maintenance  and 
the  cost  of  energy,  are  all  factors  which,  taken  together,  establish 
an  economic  limit  of  commercial  fineness. 

(2)  The  ignition  temperature  of  coal  varieswith  its  composition, but 
in  no  case  is  it  much  below  900°  F.  Theoretically,  there  is  no  reason 
why  it  could  not  be  heated  to  this  figure,  but  practicall}^  it  would 
lead  to  difficulties  in  handling,  since  in  most  cases  the  coal  would 
become  a  sticky  mass  from  which  gas  would  be  liberated  in  large 
quantities  before  reaching  that  temperature.  In  any  event  there  is 
little  to  be  gained  in  this  direction.  The  air  conceivably  might  be 
pre-heated  to  the  ignition  temperature,  but  insulation,  expansion,^ 
oxidisation  and  cost  of  air  pre-heater  parts  and  ductwork,  are  all 
factors  which  estabHsh  a  lower  practical  limit.  Considering  the 
imperfection  of  other  factors  influencing  the  combustion  process, 
it  is  probable  that  Httle  is  to  be  gained  by  pre-heating  the  air  beyond 
the  more  practical  limit  of  400°  to  600°F. 

(3)  In  the  absence  of  infinite  or  atomic  fineness,  it  is  impossible 
to  realise  the  intimacy  of  association  of  coal  and  oxygen  specified 
as  representing  the  ideal.  If  we  modify  our  ideal  to  the  extent  of 
saying  that  each  small  unit  of  volume,  say  1  cu.  in.,  should  contain 
air  and  fuel  in  correct  proportions  for  combustion,  realisation  should 
be  approachable. 

Even  though  the  ideals  above  enumerated  cannot  be  realised,  they 

343 


PULVERISED  FUEL 

are  worthy  of  consideration  and  indicate  the  lines  along  which 
improvement  may  be  sought. 

To  burn  a  coal  particle  of  finite  size  requires  time,  even  with  all 
the  other  factors  ideal.  The  larger  the  particle  the  greater  is  the 
time  required  to  obtain  complete  combustion.  It  follows  from  this 
that  the  time  limit  to  obtain  complete  combustion  of  a  coal-air 
mixture  under  otherwise  ideal  conditions  is  fixed  by  the  size  of  the 
largest  particle  of  coal  in  the  mixture. 

It  will  be  evident  from  the  above  that,  though  coal  fineness  is 
usually  stated  as  the  amount  which  will  pass  through  sieves  having 
100  and  200  meshes  per  Hnear  inch,  it  is  equally  important  that  the 
percentage  of  coal  retained  on  the  coarser  mesh  screens  should  be 
reduced  to  a  minimum.  It  is  the  coarse  coal  particles  which  enter 
the  boiler  tube  nest  before  combustion  is  complete,  and  which,  through 
becoming  chilled  and  extinguished,  are  deposited  in  the  rear  passes 
of  the  boiler  or  pass  out  with  the  products  of  combustion  as  particles 
of  coke.  These  constitute  a  definite  and,  in  some  instances,  an 
appreciable  loss  in  efficiency.  Under  favourable  conditions  as 
regards  other  factors,  the  loss  may  be  less  than  0-5  per  cent.  Under 
unfavourable  conditions,  the  loss  may  be  as  high  as  4  per  cent. 

In  the  absence  of  our  ideal  of  infinite  fineness,  the  burner  or  fuel- 
air  mixing  device  cannot  attain  the  ideal  set  for  it.  The  best  it 
can  do  is  to  associate  each  particle  of  coal  with  its  quota  of  air  or 
oxygen  for  combustion.  At  500°F.  temperature,  the  volume  of  air 
required  to  bum  a  particle  of  coal  completely  is  roughly  20,000  times 
that  of  the  coal  particle,  and  at  a  furnace  temperature  of  2,500°F. 
the  volume  becomes  60,000  times  as  great.  It  is  not  surprising, 
therefore,  if  the  time  required  for  a  particle  of  coal  to  search  out  its 
quota  of  oxygen  in  a  wilderness  of  nitrogen  and  products  of  com- 
bustion forms  an  important  element  in  the  total  time  required  for 
combustion.  The  smaller  the  particle,  the  less  will  be  the  number  of 
oxygen  atoms  which  it  must  seek  out,  and  if  the  burner  or  mixing 
device  has  done  its  duty  in  closely  associating  the  required  number  of 
oxygen  atoms  with  each  particle  of  coal  at  the  entrance  into  the 
furnace,  the  search  will  be  facilitated  and  the  time  reduced  to  a 
minimum. 

The  sudden  and  violent  expansion  of  gases  caused  by  combustion 
creates  a  high  degree  of  furnace  turbulence  which,  with  a  perfect 
mixture  of  fuel  and  air  at  the  burner  mouth,  leaves  little  to  be  desired 
as  an  assistance  to  the  coal  particles  in  their  search  for  their  allotted 
oxygen  atoms.  With  an  imperfect  mixture,  however,  such  as  all 
too  often  occurs,  a  burner  and  furnace  arrangement  which,  through 
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impingement  of  conflicting  currents  of  air  and  products  of  com- 
bustion, augments  the  condition  of  furnace  turbulence,  will  assist 
and  accelerate  the  bringing  together  of  the  coal  particles  and  their 
oxygen  allotment,  and  thereby  bring  about  more  rapid  combustion. 

It  is  frequently  observed  that  rapid  combustion  is  accompanied 
by  high  temperatures,  and  the  conclusion  is  sometimes  drawn  that 
the  rapid  combustion  is  caused  by  high  temperature — hence  the 
advocacy  of  extremely  high-temperature  pre-heated  air.  Rapid 
combustion,  however,  is  the  result  of  good  mixture  derived  either 
from  a  good  burner  or  through  furnace  turbulence,  or  both,  and  high 
furnace  temperature  results  from  rapid  combustion. 

Practical  perfection  in  the  combustion  of  pulverised  fuel  is  attained 
when  finely  ground  coal  with  a  minimum  of  coarse  particles  is  brought 
at  a  uniform  rate  into  a  furnace  and  perfectly  mixed  at  the  entrance 
with  the  correct  amount  of  air  at  the  highest  practical  temperature, 
the  furnace  being  so  arranged  with  respect  to  the  burners  that  all 
portions  of  the  fuel  mixture  remain  in  it  an  equal  length  of  time. 
With  such  conditions  the  furnace  volume  for  complete  combustion 
at  a  given  rate  will  be  a  minimum,  or,  conversely,  with  a  given 
furnace  volume  and  a  given  rate  of  combustion  the  loss  due  to 
incomplete  combustion  will  be  a  minimum. 

Burners. — The  function  of  the  ideal  burner,  when  supplied  with 
pulverised  coal  and  air  at  a  uniform  rate  and  in  correct  proportion, 
is  to  deliver  a  uniform  mixture  of  coal  and  air  to  the  furnace.  Up 
to  a  limit  established  by  the  design,  it  should  perform  this  function 
at  all  ratings,  subject  to  easy  adjustment.  It  should  be  uninfluenced 
b}"  the  external  piping  arrangement  through  which  it  receives  its 
supply  of  coal  and  air.  In  the  interest  of  low  power  consumption 
it  should  require  low  air  pressure.  It  should  be  unaffected  by  the 
radiant  heat  from  the  furnace.  It  should  be  readily  adaptable  to 
furnaces  of  simple  design  and  construction. 

The  function  of  the  ideal  burner,  as  described  above,  presupposes 
furnace  construction  which  will  successfully  withstand  the  effect  of 
the  high  furnace  temperatures  realised.  The  early  furnaces  built 
completely  of  refractories  would  not  stand  such  severe  treatment, 
and  the  burners  developed  at  that  time,  claimed  as  one  of  their 
most  important  virtues  their  ability  to  distribute  the  heat  in  the 
furnace  by  delaying  the  admission  of  air,  and  hence  combustion, 
at  the  expense  of  furnace  volume.  These  types  have  persisted  for 
new  installations  until  quite  recently.  Fig.  1  incorporates  a 
typical  arrangement  of  burning  equipment  of  this  class. 
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Fiç;.   5. — General  Arrangement  of  R-tj^pe  Burner. 
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Improvements  in  furnace  design  and  construction  have,  however, 
reached  a  point  such  that  high  localised  temperatures  are  no  longer 
a  cause  for  apprehension,  and  hence  burners  have  been  developed 
with  the  highest  rates  of  combustion  as  their  objective.  Most  of 
these  contemplate  a  thorough  mixture  of  the  fuel  \\'ith  the  whole 
of  the  combustion  air  at  the  point  of  entrance  into  the  furnace. 
In  addition,  some  burners  attempt  to  secure  a  furnace  turbulence. 
Fig.  5  is  a  typical  example. 

Three  boiler  units  in  England  have  been  arranged  with  so-called 
tangential  firing,  with  the  coal  and  air  admitted  at  the  four  corners 
of  the  furnace  as  shown  in  Fig.  6. 


Fig.   6. — Plan   of   Furnace,    showing   scheme   of   turbulent   combustion. 
A  =  Primary  Air  and  Coal  Inlet  Pipes.  B=  Secondary  Air  Inlet  Boxes. 


FuRXACES. — Much  has  been  learned  about  practical  furnace 
construction  for  pulverised  coal  in  the  past  few  years,  and  improve- 
ments are  still  going  on.  We  have  arrived  at  the  point,  however, 
where  we  may  correctly  say  that  the  furnace  is  no  longer  the  weak 
link  in  the  chain. 

The  early  installations  for  burning  pulverised  coal  under  steam 
boilers  had  solid  refractory-walled  furnaces  which  were  merely  an 

347 


PULVERISED  FUEL 

adaptation  of  stoker  furnaces  of  the  time.  Serious  difficulties  were 
encountered  owing  to  slagging  of  the  ash  and  the  rapid  erosion  of 
the  firebrick  walls.  The  furnace  temperature  was  such  that  the  ash 
fused  and  was  present  in  the  furnace  atmosphere  as  molten  mist. 
Part  of  the  mist  collected  in  drops  and  rained  down  on  the  furnace 
floor,  where  it  cooled  into  a  sohd  glass-hard  slag.  Another  portion, 
through  flame  impingement,  sprayed  on  to  the  refractory  walls  and 
either  ran  down  as  hquid  slag  or  solidified  and  adhered  in  large  masses 
to  the  brickwork,  depending  upon  whether  the  temperature  of  the 
wall  was  higher  or  lower  than  the  fusion  point  of  the  ash.  Such 
portion  as  ran  down,  rapidly  eroded  the  brickwork,  and  the  molten 
mixture  of  ash  and  firebrick  finally  came  to  rest  either  at  the  base 
of  the  wall  or  at  some  point  higher  up  where  the  temperature  was 
below  its  fusion  point. 

To  minimise  the  destruction  of  the  refractory,  furnaces  were  made 
extremely  large  in  an  effort  to  get  the  wall  away  from  the  flame. 
For  the  same  reason,  turbulence  of  the  furnace  gases  was  hmited  to 
the  minimum,  at  the  sacrifice  of  rapidity  of  combustion,  even  in 
that  portion  of  the  furnace  which  was  actively  utihsed.  The  water 
screen  across  the  bottom  of  the  furnace,  by  creating  a  cool  zone, 
effectively  overcame  the  slagging  difficulty  arising  from  the  faUing 
ash,  by  causing  it  to  solidify  before  it  was  deposited.  It  did  not  give 
reUef,  however,  from  the  slag  formation  on  the  refractory  walls. 
With  increasing  size  of  steam-generating  units  and  the  tendency  to 
operate  them  at  higher  rates  of  evaporation  per  sq.  ft.  of  surface, 
furnace  dimensions  rapidly  reached  embarrassing  proportions. 
To  obtain  furnace  walls  of  the  required  mechanical  strength  to 
prevent  collapse,  and  at  the  same  time  provide  for  expansion, 
became  serious  problems  confronting  the  designer. 

Hollow  walls  cooled  by  the  air  of  combustion  gave  some  rehef,  but 
erosion  was  still  serious,  and  with  the  introduction  of  air  pre-heaters 
the  situation  grew  worse.  Efforts  to  produce  at  reasonable  cost 
refractories  that  would  resist  the  action  of  the  molten  ash  met  with 
but  small  success.  The  chemical  action  between  the  molten  ash  and 
the  refractory  was  a  prime  cause  of  the  trouble,  and  the  variation  in 
ash  composition  as  applying  to  various  coals  was  so  great  as  to 
render  the  solution  most  difficult.  The  failure  to  reach  a  satisfactory 
solution  along  this  fine  diverted  the  minds  of  engineers  into  other 
directions. 

In  1923,  the  original  installation  of  the  now  well-known  Murray 
fin-wall  furnace  construction  as  apphed  to  three  retort-type  stoker- 
fired  boiler  furnaces  at  the  HeU  Gate  station  of  the  United  Electric 
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Light  and  Power  Co.,  New  York  City,  went  into  commercial  opera- 
tion. The  successful  operation  of  this  installation  attracted  the 
attention  of  a  large  body  of  engineers,  but  opinion  was  by  no  means 
unanimous  as  to  the  virtue  of  this  construction  for  pulverised  fuel 
furnaces,  many  feeling  that  the  cooling  effect  of  the  walls  would 
result  in  poor  combustion. 

At  about  the  same  time  the  Cecil  plant  of  the  Allegheny  Steam 
Heating  Co.  went  into  operation  with  a  large  boiler  fired  with 
pulverised  fuel.  The  side  and  rear  walls  were  protected  with  vertical 
4  in.  tubes  placed  in  front  of  the  brickwork  and  connected  into 
headers  at  the  top  and  bottom,  the  whole  being  connected  into  the 
boiler  circulation.  The  protection  afforded  the  brickwork  is  good, 
but  it  also  affords  secure  lodgment  for  the  solidified  slag.  This  will 
be  true  of  any  design  which  exposes  the  refractory. 

Simultaneously  with  the  installation  of  the  Cecil  plant  several 
small  boiler  furnaces  at  the  Sherman  Creek  plant  of  the  United 
Electric  Light  and  Power  Co.  were  equipped  with  Murray  fin-tube 
furnaces  for  pulverised  fuel.  The  cooling  effect  of  these  tubes  proved 
to  be  but  little,  if  at  all,  injurious  to  combustion,  and  resulted  in 
an  order  for  a  Murray  fin-tube  furnace  being  placed  for  one  of  eight 
large  boilers  in  operation  with  pulverised  fuel  at  the  Cahokia 
Station  of  the  Union  Electric  Light  and  Power  Co.,  St.  Louis,  where 
serious  trouble  was  being  experienced  from  brickwork  erosion  and 
slagging.  This  furnace  went  into  operation  in  1925,  and  its  success 
was  followed  by  a  wide  adoption  of  this  form  of  construction. 

In  the  meantime,  the  early  plants  in  England  designed  in  1924,  in 
most  instances  incorporated  air-cooled  refractory  furnaces.  These 
furnaces  have  given  only  moderate  satisfaction.  The  high  ash  content 
of  the  fuels  used  for  steaming  purposes  has  given  rise  to  rapid  erosion 
of  the  refractories,  and  the  need  for  something  better  has  been 
thoroughly  demonstrated.  In  several  instances  water-cooHng  has 
been  added  to  existing  installations.  Recent  installations  almost 
invariably  include  water  cooling. 

In  the  operation  of  a  completely  water-cooled  wall,  ash  is  deposited 
in  molten  form,  but,  as  a  result  of  contraction  upon  cooling,  adheres 
very  loosely  to  the  metal  face.  With  further  accumulation  the 
strength  of  the  bond  is  insufficient  to  support  the  load  and  a  patch 
scales  off  and  falls  to  the  ash  hopper.  This  process  goes  on  continu- 
ously, giving  a  side  wall-surface  composed  of  a  multitude  of  ash 
islands  intermingled  with  irregularly  shaped  bare  patches  of  metal. 

Steam-cooling  of  furnace  walls  should  also  be  mentioned,  in  view  of 
the  considerable  number  of  English  installations  of  radiant-heat 
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superheaters.  As  applied,  they  occupy  a  section  of  the  furnace 
wall  and  are  formed  of  a  system  of  hollow  forged-steel  elements 
connected  in  parallel  into  headers  at  each  end,  through  which  the 
steam  from  the  boiler  drum  is  passed.  The  elements  placed  side  by 
side  form  a  continuous  wall  and  are  exposed  to  the  furnace 
temperature. 

Fundamentally,  the  application  of  steam  and  water  cooling  has 
become  so  well  estabhshed  that,  except  for  very  limited  sections  of 
wall,  refractory  construction  for  pulverised  fuel  furnaces  may  be 
considered  obsolete.  An  exception  should  be  made  to  this  state- 
ment for  the  case  in  which  a  fuel  having  a  very  low  volatile  content, 
such  as  anthracite  or  coke,  is  to  be  burned.  In  such  a  case  the 
reverberatory  effect  of  incandescent  walls  is  at  least  desirable,  if  not 
essential,  to  maintain  proper  combustion. 

The  development  of  water-cooled  walls  has  been  brought  about 
with  remarkably  little  trouble.  No  accident  of  serious  consequence 
has  occurred.  Experience,  however,  has  dictated  the  need  for 
discretion  in  the  proper  proportioning  of  water  downtakes  and  steam 
risers  and  their  connections  into  the  boiler  circulating  system. 
Suitable  and  adequate  blow-do\\Ti  connections  must  be  provided. 
Bends  must  be  to  a  sufficiently  large  radius  to  permit  the  passage  of 
tube  cleaners,  and  removal  and  replacement  must  be  provided  for. 

The  extent  to  which  water  cooling  may  be  applied  to  a  furnace  is 
practically  without  limitation  for  the  usual  run  of  bituminous  coals. 
The  minimum  rating  at  which  a  boiler  may  be  run  with  satisfaction 
is  somewhat  higher  than  is  the  case  for  a  refractory-hned  furnace, 
and  the  loss  due  to  unbumed  carbon  in  the  flue  dust  will  be  higher 
by  a  fraction  of  1  per  cent.,  but  neither  is  serious.  For  coals  of  low 
volatile  content,  discretion  in  the  extent  of  water  cooling  is  necessary 
and  a  certain  amount  of  incandescent  surface  is  desirable,  if  not 
essential. 

Pre-heated  air,  which  with  the  refractory  furnace  proved  a  liability, 
is  an  asset  with  the  water-cooled  furnace,  as  it  promotes  quick 
ignition  and  increases  furnace  temperature,  thereby  compensating 
in  some  degree  for  the  heat  absorbed  by  the  cooling  surface. 

Tube  failures  are  less,  if  anj'thing,  in  the  boiler  with  water-cooled 
furnace  than  in  the  boiler  with  refractory  furnace.  The  reason  for 
this  lies  in  the  cooler  furnace,  and  though  more  surface  is  exposed 
to  furnace  heat,  the  stress  imposed  upon  an}'  element  of  heating 
surface  is  less  than  applies  to  the  lower  row  of  boiler  tubes  of  the 
boiler  equipped  with  refractory  furnace.  Furthermore,  the  thermal 
head  as  applying  to  the  water  screen  and  side-wall  cooling  element  is 
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so  much  greater  than  that  applying  to  the  boiler  tubes, 
that  the  increased  rate  of  circulation  adds  to  the  protection 
of    such    surface. 

THE  MODERN  PLANT 

If  we  define  a  modern  plant  as  one  built  in  accordance  with  up-to- 
date  thought,  we  are  forced  to  the  admission  that  there  are  no  modern 
bin-and-feeder  systems  of  pulverised  fuel  plants  in  operation,  nor  has 
such  a  plant  been  possible  in  view  of  the  rapid  progress  in  thought  as 
apphed  to  the  problem.  It  takes  the  best  part  of  eighteen  months  or 
two  years  to  express  present  ideas  in  iron,  steel  and  other  material 
as  required  to  build  a  boiler  plant.  Plants  are  contracted  for  in 
accordance  with  a  set  of  clearly  defined,  fixed  ideas  for  completion 
in  a  given  time,  and  to  fulfil  the  obligation  requires  that  the  plan  be 
rigidly  adhered  to.  Two  years,  however,  is  a  long  time  in  a  new 
industry — sufficient  for  the  origination  of  many  ideas  as  affecting 
both  detail  refinements  and  fundamental  features  of  equipment  and 
plant  arrangement.  It  follows,  therefore,  that  the  plant  in  process 
of  design  and  construction  is  obsolete  in  many  of  its  features  upon 
completion,  and  that  so  long  as  there  is  substantial  progress  in 
thought  as  applying  to  such  plants,  the  only  really  modern  plants 
are  those  in  the  proposition  stage  on  the  draughting  board. 

Fig.  7  is  an  example  of  a  modern  pulverised  fuel  plant.  A  study 
of  the  design  and  arrangement,  in  conjunction  with  the  text,  wiU 
reveal  that  it  incorporates  most  of  the  features  recommended. 
Some  sacrifices  have  been  made  in  the  arrangement,  in  order  to 
show  the  relationship  of  equipment  more  clearly,  and  in  an  actual 
installation  the  piping  may  be  simplified  and  space  requirements 
reduced.  It  will  be  observed  that  the  assembly  is  fundamentally 
on  a  unit  basis,  i.e.,  beginning  with  the  raw  coal  bunker  one  boiler 
unit  is  served  by  one  pulveriser,  one  pulverised  fuel  bin,  and  one 
battery  of  feeders  and  burners.  The  furnace  has  been  simplified 
by  the  elimination  of  the  suspended  arch.  Drying  is  carried  out  in 
the  pulveriser  itself  with  hot  air  from  the  air  pre-heater;  the  pulveris- 
ing system  at  all  points  is  at  a  pressure  below  that  of  the  atmosphere, 
ensuring  no  outward  leakage  of  coal-laden  air;  all  air  withdrawn  from 
the  pulverising  system  is  utilised  as  primary  air  and  passed  direct 
to  the  furnace,  thus  obviating  any  possible  dust  nuisance  through 
the  venting  of  dust-laden  air  to  the  atmosphere.  Through  the 
interconnection  provided  by  the  screw  conveyors,  the  excess  capacity 
of  any  pulveriser  over  and  above  the  requirements  of  the  boiler  unit 
which  it  supplies  may  be  transferred  to  the  bin  of  a  neighbouring 
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boiler.  Thus  there  stands  between  the  breakdown  of  any  pulveriser 
and  a  shut-down  of  the  boiler  unit  which  it  serves,  the  coal  in  the 
bin  at  the  time  of  breakdown  plus  any  excess  capacity  of  neighbour- 
ing pulverisers  serving  other  boilers. 
Through  a  by-pass  properly  equipped  with  dampers,  pre-heated 
air  may  be  supphed  to  the  primary  air  fan  without  passing  through 


Fig.   7. — Cross-section  of  Modern  Pulverised  Fuel  Firing  Boiler  Plant. 

the  pulverising  system;  thus  it  is  possible  to  operate  the  boiler  with 
the  pulveriser  unit  out  of  operation  without  inconvenience  or 
sacrifice,  and  the  pulveriser  need  be  operated  at  full  capacity  for 
only  such  period  of  the  day  as  is  necessary  to  supply  the  24-hour 
requirements  of  the  boiler, 
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THE  DIRECT-FIRED  SYSTEM 

The  appeal  of  the  direct-fired  system  of  pulverised  fuel  is  based 
primarily  upon  simplicity  and  low  first-cost,  and  for  small  boiler 
units  the  pulverised  fuel  field  is  conceded  to  it  without  argument. 
In  addition,  space  hmitations  will  often  dictate  a  decision  in  its 
favour,  as  it  is  more  compact  and  hence  more  easily  adapted  to 
close  quarters. 

The  system  consists  essentially  of  a  pulveriser,  which  is  placed  in 
front  of  the  boiler  under  the  raw-coal  bunker  substantially  as  used 
for  stoker  practice,  a  burner  and  a  furnace,  and  there  are  no  dryers, 
pulverised-fuel  transport,  pulverised-fuel  bins,  pulverised-fuel 
feeders,  etc.,  with  which  to  contend.  In  view  of  the  bad  light  in 
which  this  comparison  places  the  bin-and-feeder  system,  the  en- 
quiring mind  raises  the  question:  "By  what  virtue  has  the  bin-and- 
feeder  system  made  so  much  progress  in  competition?"  That  there 
must  be  important  considerations  in  its  favour  to  offset  its  dis- 
advantages, or  that  there  must  be  some  important  disadvantages 
associated  with  the  direct-fired  system,  is  indicated  by  a  considera- 
tion of  the  fact  that  the  direct-fired  system  was  old  previous  to  the 
bin-and-feeder  system  becoming  popular. 

It  seems  almost  unnecessary  to  state  that  the  furnace  for  the 
direct-fired  system  should  receive  the  same  careful  consideration 
as  for  the  bin-and-feeder  system.  Economy  in  construction  can  be 
made  at  the  same  sacrifice  in  durability  and  reliability  with  either 
system.  The  heat  of  a  pulverised-fuel  flame  is  no  respecter  of 
systems,  and  attacks  the  furnace  lining  with  the  same  vigour, 
regardless  of  what  system  is  responsible  for  its  production.  It  is 
a  fact,  however,  that  cheap,  inadequate  furnaces  are  more  often 
found  associated  with  the  direct-fired  than  with  the  bin-and-feeder 
system,  due,  no  doubt,  to  the  fact  that  so  large  a  proportion  of  the 
direct-fired  installations  are  in  connection  with  small  boilers 
furnishing  steam  to  industrial  plants  for  a  limited  number  of 
hours  per  day,  and  hence  do  not  justify  the  expense  of  the 
most  reliable  modern  construction.  The  mistake  should  not 
be  made,  however,  of  considering  the  saving  in  cost  a  virtue 
of  the   direct-fired   system. 

The  pulveriser  is  the  all-important  element  in  the  direct-fired 
s\^stem,  in  fact  the  only  element  interposed  between  the  raw-coal 
bunker  and  the  burner.  It  incorporates  the  feeder  and  deals  with 
the  raw  coal  direct,  with  all  its  variable  conditions  of  size,  moisture 
and  ash  content,  in  addition  to  such  foreign  material  as  may  find 
its  way  into  the  coal.     On  it,  therefore,  rests  the  entire  responsibility 
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for     the     moment-to-moment     operation     of     the     boiler     imit. 

The  type  of  pulveriser  used  for  direct  firing  is  almost  invariably 

the  high-speed  beater  type,  of  which  Fig.  8  is  typical,  in  that  the 

coal  is  pulverised  by  the  impact  of  the  particles,  first  against  the 


Fig.  8. — High-speed   Impact   Mill   \vith   Direct-Firing   Service. 


rapidly  moving  beater  elements  and  next  against  the  interior  of 
of  the  pulveriser  housing.  No  crushing  action  between  metallic 
surfaces  takes  place.  The  pulverisers  are  invariably  swept  by  an 
air  current  which  enters  usually  at  the  coal-feed  end  and  issues 
through  the  fan  at  the  discharge,  carrying  the  finished  product  in 
suspension.  From  the  fan  the  coal-air  mixture  flows  direct  to  the 
burner. 

A  large  number  of  pulverisers,  varjàng  greatly  in  detail  but  answer- 
ing to  the  above  general  description,  are  available.  All,  including  the 
poorest  and  the  best,  have  certain  fundamental  characteristics  in 
common,  from  which  the  disadvantages  of  the  direct-fired  system 
arise.  The  following  is  an  emmieration  of  some  of  the  more 
important: — 

(1).     The  power  consumption  is  equal  to  that  required  to  drive  the 
unit  at  no  load,  plus  a  variable  factor  increasing  with  the 
output. 
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(2).     The  capacity  is  affected  by  the  character  ot  the  fuel  and  its 

moisture  content. 
(3).     The  pulverised  product  varies  in  fineness  with  output — the 

greater  the  output  the  coarser  is  the  product. 
(4).     All  have  a  maximum  output,  beyond  which,  if  the  rate  of 

feed  is  increased,  the  unit  chokes  and  ceases  to  function. 
(5).     All  are  subject  to  wear,  which,  as  it  continues,  results  in  a 
decrease  in  maximum  capacity  and  in  a  coarser  product  at 
any  given  output. 
(6).     All  have  the  characteristic,  inherent  in  high-speed  machines 
subjected  to  severe  service,  of  being  subject  to  breakdown 
without  notice. 
In  choosing  a  pulverising  unit  where  one  unit  per  boiler  is  con- 
templated, its  capacity  should  be  such  that  with  the  worst  antici- 
pated conditions  of  coal  supply  and  moisture  content,  its  output 
with  the  pulverising  elements  worn  to  a  point  requiring  replacement 
should  be  equivalent  to  the  maximiun  contemplated  output  of  the 
boiler  unit.  For  flexibihty  at  maximum  boiler   load   its   capacity 
should  be  somewhat  in  excess  of  this,  particularly  if  the  capacity  of 
the  pulveriser  when  operating  with  the  particular  coal  under  con- 
sideration is  not  known  with  accuracy,  as  is  so  frequently  the  case. 
Such  a  pulveriser  operating  under  favourable  conditions  with  unworn 
beater  elements  has  a  large  excess  capacity — the  secret  of  satis- 
factory operation — though  obtained  at  high  first-cost  and  a  sacrifice 
of  energy  for  pulverising. 

The  hazard  of  interruption  to  service  incidental  to  an  imforeseen 
breakdown,  momentary  failure  of  feed  from  any  cause  such  as  arch- 
ing or  sticking  of  the  coal  in  the  bunker,  coal  spout  or  feed  hopper, 
or  by  jamming  of  the  feeder  with  foreign  material,  such  as  iron, 
wood,  etc.,  may  be  largely  overcome  by  the  installation  of  a 
multiplicity  of  units  which,  for  the  maximum  of  reliabiHty,  should 
include  one  spare  unit  to  be  operated  only  under  adverse  conditions 
of  coal  supply  or  in  case  of  breakdown  of  any  unit.  Such  provision, 
however,  contemplates  imder  normal  conditions  an  idle  pulveriser 
and  burner  unit.  As  usually  designed,  an  idle  burner  requires  a 
Hberal  flow  of  air  through  it  to  protect  it  from  the  radiant  heat  of 
the  furnace,  a  requirement  accompanied  by  some  loss  in  efficiency. 

Combustion  in  the  pulverised-fuel  furnace  is  essentially  an  instan- 
taneous process,  so  nearly  so  that  for  any  momentary  variation  in 
the  ratio  of  fuel  to  air  entering  the  furnace  there  can  be  no  compensa- 
tion. Uniformity  of  air  supply  through  the  unit  is  easily  obtained. 
Corresponding  uniformity  of  coal  feed,  however,  is  most  difficult, 
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in  fact  well-nigh  impossible,  owing  to  variation  in  size  and  the 
effect  of  moisture  content.  To  the  extent  that  a  variation  in  coal 
feed  takes  place,  a  loss  in  efficiency  results. 

The  loss  due  to  unburned  carbon  in  the  flue  dust  increases  with  the 
rate  of  combustion  in  the  furnace,  a  condition  which  is  aggravated 
in  the  direct-fired  system  by  the  fact  that  the  pulverisers  are  operat- 
ing at  their  maximum  output  under  such  conditions  and  therefore 
supply  coal  of  the  maximum  coarseness.  This  result  is  further 
aggravated  as  the  pulverising  elements  become  worn. 

The  maximum  power  consumption  for  operating  the  pulverising 
equipment  must  necessarily  coincide  with  the  peak  load  on  the 
station — a  matter  of  importance  in  stations  nearing  their  capacity 
limit  at  peak  load. 

It  was  with  the  object  of  overcoming  the  above  disadvantages 
that  the  idea  was  conceived  of  interposing  a  storage  bin  with  feeders 
between  the  pulverising  units  and  the  furnace.  It  was  argued  that 
by  its  introduction  continuity  of  boiler  operation  would  be  made 
independent  of  minor  pulveriser  breakdowns  or  momentary  failure  or 
variation  in  coal  feed;  the  pulverisers  could  be  operated  at  fuU 
output  and  need  be  only  of  such  capacity  that  when  so  operated  they 
produce  the  24-hour  requirements  of  the  boiler  in  a  period  of  perhaps 
sixteen  hours  or  less;  the  pulverising  problems  arising  from  variation 
in  coal  characteristics,  moisture  content,  etc.,  could  be  dealt  with 
without  in  any  way  affecting  boiler  operation;  the  pulverised 
product  would  be  of  uniform  fineness  for  all  rates  of  firing;  spare 
pulverising  equipment,  instead  of  being  required  for  each  individual 
boiler  unit,  could  be  furnished  to  better  advantage  for  the  boiler 
plant  as  a  whole;  in  case  of  the  plant  being  loaded  to  capacity  under 
peak -load  conditions  the  pulverising  equipment  could  be  shut  down 
and  the  peak  load  carried  on  stored  fuel;  a  uniform  flow  of  pulverised 
coal  to  the  furnace  could  be  more  easily  attained.  The  arguments 
were  all  sound  then  and  still  are  so — a  fact  concerning  which  there  is 
little  dispute.  CompHcations  and  cost  of  installation,  together  with 
unforeseen  operating  disadvantages  associated  with  plants  built  and 
actually  operating, however,  are  such  as  tohave  given  rise  to  argument 
as  to  whether  the  advantages  gained  balance  the  disadvantages. 
A  number  of  engineers  whose  experience  and  judgment  demand  that 
their  opinions  should  be  treated  withrespect,  subscribe  to  the  negative 
view  and  are  acting  accordingly.  Up  to  the  moment  there  is  but 
little  accumulated  experience  with  the  direct-fired  system  applied 
on  a  large  scale;  the  operation  of  such  plants,  therefore,  as  are  now 
under  construction  will  be  followed  with  great  interest. 
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The  lower  moisture-handling  limit  of  the  bin-and-feeder  system, 
with  the  consequent  necessity  for  drying,  has  contributed  largely 
to  the  high  cost  and  complications  connected  with  the  system. 
The  space  required  for  drying  equipment  led  to  the  necessity,  or  at 
least  the  desirabiUty,  of  a  separate  pulverising  or  preparation  plant, 
which  in  turn  required  transport  equipment  for  dehvering  the 
pulverised  product  to  the  boiler  plant.     Dust  nuisances  originating 
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Fig.   9. — Curves   showing  relative  positions  of  the  Bin-and-Feeder  and  the 
Direct-Fired  Systems  up  to  1st  July,  1928. 


in  the  pulveriser  vents,  the  discharge  from  driers,  and  the  vents  from 
pulverised  fuel  bins  receiving  coal  by  air  transport,  were  not  foreseen. 
All,  however,  are  contributing  factors  to  the  reaction  which,  to  a 
Hmited  extent,  is  at  present  taking  place  in  favour  of  the  direct-fired 
system.  The  author,  however,  submits  that  the  virtues  of  the 
bin-and-feeder  system  are  such  as  are  not  to  be  lightly  discarded, 
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and  justify  a  serious  effort  to  overcome  the  disadvantages  of  the 
system.  He  is  further  convinced  that,  without  in  any  way  going 
outside  the  field  of  accumulated  experience,  it  is  now  possible  to 
construct  plants  which  will  retain  these  advantages  and  at  the  same 
time  rival  the  direct-fired  system  for  simplicity  of  installation  and 
first-cost.  Such  plants,  in  fact,  are  now  under  construction.  For 
the  large-sized  boiler,  and  particularly  for  the  large-sized  boiler 
plant,  the  first  cost  will  normally  be  but  little  more,  and  will 
frequently  be  less.  For  the  small-sized  boiler,  however,  the  direct- 
fired  system  has  the  advantage. 

To  the  author,  the  adoption  of  the  direct-fired  system  for  large 
units,  with  its  inherent  disadvantages  for  which  there  is  no  cure, 
seems  a  retrograde  step.  It  would  appear  that  the  greater  hope  of 
ultimate  perfection  hes  in  retaining  the  admitted  virtues  of  the  bin- 
and-feeder  system  and  overcoming  its  admitted  but  curable  vices. 
The  next  few  years  should  demonstrate  the  sotmdness  or  otherwise 
of  this  opinion. 

Fig.  9  plotted  from  the  same  data  as  that  compiled  in  Tables 
III.  and  IV.  gives  a  good  indication  of  the  relative  positions 
of  the  bin  and-feeder  and  the  direct-fired  systems  up  to  the  1st 
July,  1928. 

THE  ASH  PROBLEM 

Ash  has  no  great  virtue  as  a  constituent  of  fuel  for  any  purpose.  To 
a  Hmited  extent  it  provides  protection  for  the  exposed  grate  as 
applying  to  travelling-grate  units,  but  beyond  a  limited  amormt 
it  becomes  a  distinct  detriment,  even  in  this  case.  He  will  be 
a  real  benefactor,  indeed,  who  develops  means  for  extracting  the 
ash  from  fuel  before  its  utiHsation  in  combustion  processes.  From 
authentic  sources  it  is  learned  that  only  from  a  minimum  of  2  to  a 
maximum  of  about  7  per  cent,  of  the  ash  included  in  coals  utiUsed 
for  steam  generation  is  actually  present  as  an  inherent  part  of  the 
coal.  The  remainder,  bringing  the  total  ash  content  to  as  high  as 
25  and  even  30  per  cent.,  is  present  as  free  non-combustible  mineral 
matter.  Some  considerable  attention,  it  is  understood,  is  now  being 
given  in  an  effort  to  separate  this  free  ash  from  the  coal  before  its 
UtiHsation. 

As  applying  to  coal  used  in  the  process  of  steam  generation,  the 
effect  of  ash  is  fundamentally  the  same  whether  it  is  used  on  stokers 
or  in  pulverised  form.  Apart  from  the  cost  of  transporting  it  from 
the  mines  to  the  plant,  it  reduces  capacity  and  increases  wear  in 
the  pulverising  plant;  in  molten  form  it  erodes  the  refractories  in 
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either  a  piilverised-fuel  or  a  stoker  furnace;  it  aggravates  "bird- 
nesting"  in  the  first  pass  of  the  boiler;  it  fouls  up  the  heating  surface, 
thereby  reducing  its  rate  of  heat  absorbtion,  and  increases  draught 
resistance;  it  erodes  the  metal  surfaces  of  economisers,  air  pre- 
heaters,  duct  work,  and  induced-draught  fans,  particularly  where 
traveUing  at  high  velocity;  and,  finally,  to  the  extent  that  it  is 
discharged  from  the  chimney,  it  pollutes  the  atmosphere,  and  such 
as  settles  in  the  immediate  vicinity  becomes  a  nuisance  to  the 
neighbours.  Apart  from  the  above,  the  removal  of  the  ash  and 
clinkers  from  the  combustion  chamber,  as  applying  either  to 
stokers  or  to  pulverised  fuel  under  the  worst  conditions,  becomes  a 
problem  of  considerable  dimensions. 

The  answer  to  the  erosive  action  of  the  ash  slag  on  the  furnace 
walls  has  been  found  in  the  appHcation  of  water-cooling.  To  over- 
come the  difficulty  experienced  from  "bird-nesting"  the  area  of 
tubes  exposed  in  the  first  pass  of  the  boiler  should  be  made  the 
maximum  possible,  in  order  that  the  gases  entering  the  pass  may 
approach  with  the  lowest  possible  velocity,  therebj^  giving  the  ash 
suspended  in  the  gases  the  maximum  opportunity  of  being  cooled 
below  their  fusion  point  before  entering  the  tube  nest.  It  is  also 
advisable  to  adopt  a  wide  spacing  of  tubes  at  the  entrance  to  the 
tube  nest.  The  lower  the  fusion  point  of  the  ash,  the  greater  is  the 
importance  of  these  features  of  design.  To  minimise  the  effect  of 
ash-dust  accumulation  on  heat-absorbing  surfaces,  steam  soot- 
blowers  are  being  widely  used. 

Thus  far  the  action  of  ash  erosion  on  the  metal  surfaces  of  the 
economisers,  air  pre-heaters,  ducts  and  fans — the  points  subjected  to 
the  gas  at  high  velocity — is  a  problem  which  has  not  been  attacked. 
It  would  appear  that  the  logical  solution  is  the  removal  of  the  ash 
from  the  products  of  combustion  at  the  point  where  they  issue  from 
the  boiler.  Such  a  solution  would  still  be  second  best  to  the  removal 
of  the  ash  before  combustion.  Gas  velocities,  however,  are  relative- 
ly slow  through  the  boiler  itself,  and  hence  the  erosive  action  has  not 
become  serious.  Attention  is  being  given  to  the  possibility  of 
ash  removal  at  the  boiler  outlet  and  experiments  are  being  made, 
but  thus  far  no  equipment  has  been  installed. 

Several  forms  of  equipment  are  on  the  market  for  the  removal  of 
ash  dust  at  a  point  between  the  induced-draught  fan  and  the  stack. 
To  the  extent  that  these  are  successful,  they,  of  course,  ehminate  the 
nuisance  arising  from  the  distribution  of  dust  which  would  otherwise 
arise  from  the  chimney. 

That  the  nuisance  arising  from  ash  discharge  from  the  stack  has 
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not  assumed  the  same  proportions  in  the  United  States  as  in  England 
is  due  to  three  causes: — 

(1)  Generally  speaking,  the  coals  utiUsed  for  steam  generation 
carry  a  much  lower  percentage  of  ash,  namely,  from  3  to  9 
per  cent.  There  are  some  instances  in  which  this  figure  is 
exceeded,  but  they  are  exceptions. 

(2)  Chimneys  as  a  rule  are  built  very  much  higher,  a  height  below 
200  ft.  being  exceptional,  and  up  to  350  ft.  not  unusual,  with 
some  few  instances  up  to  400  ft.  For  plants  of  high  capacity 
located  in  congested  territory  such  stacks  have  much  to 
recommend  them,  as  apart  from  the  nuisance  arising  from  the 
concentrated  deposit  of  dust  resulting  from  a  low  stack,  the 
pollution  of  the  atmosphere  with  the  very  large  volume  of 
combustion  gases  becomes  a  very  distinct  menace  to  the 
property  close  at  hand.  While  high  stacks  cannot  be  con- 
sidered to  be  the  final  answer  to  the  dust  nuisance,  the  wide 
distribution  of  the  dust  discharged  which  they  effect,  or,  con- 
versely, the  concentration  of  ash  deposit  which  they  prevent, 
justifies  their  construction. 

(3)  The  greater  dryness  of  the  atmosphere  in  the  United  States 
results  in  the  combustion  gases,  with  their  contained  dust, 
rising  from  the  stacks  and  travelling  to  great  distances, 
whereas  in  England  atmospheric  conditions  are  such  that  for  a 
large  proportion  of  time  the  gases,  particularly  from  low  stacks, 
fall  to  the  groimd  within  a  short  distance  from  the  plant. 

The  further  development  of  ash-removal  equipment  is  by  all  means 
to  be  encouraged,  as  such  removal  may  properly  be  regarded  as  the 
ultimate  solution  of  the  problem.  As  applying  to  plants  of  large 
capacity,  however,  the  author  feels  that  high  stacks  should  receive 
the  most  serious  consideration,  as  a  means  both  of  overcoming  dust 
nuisance  and  of  dissipating  the  large  volume  of  combustion  gases. 

ZUSAMMENFASSUNG 
Der  weitaus  grösste  Teil  der  mit  Staubbrennstoff  gefeuerten  Kesselanlagen 
wurde  in  England  in  den  letzten  drei  Jahren  in  Betrieb  genommen.  Zuver- 
lässige Zusammenstellungen  zeigen,  dass  bis  zum  I.  Juli  1928  Verträge  für 
nicht  weniger  als  166  staubgefeuerte  Kesselanlagen  vergeben  wurden.  Davon 
wurden  nur  14  vordem  I.Januar  1924  vergeben;  von  den  vor  1924  bestell- 
ten Anlagen  werden  alle  auser  zwei  nach  dem  "direkt  gefeuerten"  System 
betrieben;  von  den  nach  1924  bestellten  Anlagen  entfallen  66  auf  das  "direkt 
gefeuerte"  und  86  auf  das  "Bin  and  Feeder" System.  Das  gesamte  Dampfent- 
wicklungsvermögen beträgt  für  die  beiden  Systeme  3  667  400  bezw. 
10  597  000  Ibs./Stunde. 
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Seit  1924  hat  die  Entwicklung  der  Verbrennungsausrüstung  und  besonders 
der  Staubbrennstoffausrüstung  solch  rasche  Fortschritte  gemacht,  dass  eine 
Diskussion  der  Vorzüge  der  verschiedenen  Systeme  sehr  erschwert  ist. 

Es  wird  darauf  hingewiesen,  dass  zwar  nur  mehr  wenig  Platz  vorhanden  ist  für 
Verbesserungen  des  erreichten  Wirkungsgrades,  dass  aber  für  den  Erfinder- 
geist noch  ein  weites  Feld  offen  steht  in  der  feineren  Ausarbeitung  der  Projekte 
zwecks  Herabsetzung  der  Anlage-,  Betriebs-  und  Unterhaltungskosten. 

Zufolge  der  sich  summierenden  grossen  Nachfrage  nach  hochwertiger 
Export-,  Gas-,  Haushalts-,  Lokomotiv-  und  metallurgischer  Kohle  entstehen 
in  England  übermässige  Mengen  von  für  die  Dampferzeugung  verwendbarem 
Kohlengrus  mit  hohem  Aschen-  und  Feuchtigkeitsgehalt.  Die  zunehmende 
Beliebtheit  der  Verfeuerung  von  Staubbrennstoff  wird  auf  diese  Sachlage 
zurückgeführt. 

Das  Problem  der  Trocknung  wird  ausführlich  besprochen  und  es  wird  die 
Wichtigkeit  besonders  hervorgehoben,  die  Ausrüstung  zum  Fördern  des 
Staubrennstoffes  so  zu  verbessern,  dass  eine  übertriebene  Trocknung  nicht 
nötig  ist.  Es  wird  vorausgesagt,  dass  sich  bei  allen  zukünftigen  Anlagen 
die  Trocknung  mit  heisser  Luft  in  den  Mahlvorrichtungen  einbürgern  wird. 

Malvorrichtungen,  Staubför derer,  -zuführer  und  -bunker  werden  nur  ober- 
flächlich behandelt;  dagegen  werden  Verbesserungen  in  der  Anordnung  der 
Luftzirkulation  in  den  Mahlvorrichtungen,  bei  der  der  Ventilator  auf  der 
Seite  der  zurückkehrenden  Luft  angebracht  ist,  eingehend  besprochen.  Die 
Schraubenförderung  wird  als  die  befriedigendste  Methode  des  Staubbrenn- 
stofftransportes empfohlen.  Es  wird  auch  hervorgehoben,  dass  die  Röhren, 
Bunker  und  Schraubenförderer  so  konstruiert  und  isoliert  sein  müssen,  dass 
sich  keine  Schwierigkeiten  durch  Kondensation  ergeben  können. 

Die  für  die  Erzielung  einer  anstandslosen  Verbrennung  von  StaubbrennstofE 
idealen  Voraussetzungen  werden  in  ihren  Beziehungen  zur  Entwicklung  der 
Brenner  und  Öfen  besprochen  und  es  wird  auch  auf  die  wirtschaftlichen 
Begrenzungen  hingewiesen. 

Die  Erfahrung  hat  die  Unzulänglichkeit  der  feuerfesten  Bauweise  der  Staub- 
feuerungen sowie  die  Notwendigkeit  gezeigt,  wassergekühlte  Wände  anzu- 
wenden. 

Die  Vorzüge  des  "Bin  and  Feedey" -Systems  und  des  "direkt  gefeuerten" 
Systems  werden  besprochen  und  es  wird  der  Ansicht  Ausdruck  gegeben, 
dass  die  Anwendung  des  "direkt  gefeuerten"  Systems  bei  grossen  Kesseln 
mit  all  seinen  angeborenen  und  nicht  wettzumachenden  Nachteilen  einen 
Rückschritt  bedeutet;  es  wird  dargelegt,  dass  mehr  Hoffnung  darauf  verlegt 
werden  sollte,  das  "Bin  and  Feeder"-System  mit  seinen  anerkannten  Vorteilen 
durch  Überwinden  seiner  ebenso  anerkannten,  aber  behebbaren  Nachteile 
zu  verbessern. 

Das  Aschenproblem  wird  erkannt  und  besprochen.  Das  Entfernen  fremder 
Asche  vor  der  Verbrennung  wird  als  bestes  Mittel  empfohlen,  sofern  es  sich 
wirtschaftlich  durchführen  lässt. 

Hohe  Schlote  werden  empfohlen  zum  Zerstreuen  des  Staubes  und  der  grossen 
Mengen  Verbrennungsgase,  die  den  Feuerungsanlagen  entstammen.  Es  wird 
auch  zum  weiteren  Ausarbeiten  von  Mitteln  zum  Entziehen  des  Staubes  aus 
den  Abgasen  aufgefordert. 


361 


THE    FUNCTION    OF  THE    COMBUSTION 

CHAMBER    OF   A    POWDERED    FUEL-FIRED 

BOILER   INSTALLATION 

DUTCH    NATIONAL   COMMITTEE,   WORLD    POWER   CONFERENCE 
DR.    W.    LULOFS 

Paper  No.  MA 

CONTENTS 

CALCULATION  OF  AIR  REQUIREMENTS — TEMPERATURE  OF  COMBUSTION 
— CONSTRUCTION  OF  COMBUSTION  CHAMBERS — COOLING  OF  COMBUS- 
TION  CHAMBERS — THERMAL  LOSSES   IN   BOILER   PLANT — PREVENTION 

OF  LOSS 

ZUSAMMENFASSUNG 

Considered  from  a  technical  stoking  point  of  view  the  combustion 
of  coal  sets  free  the  latent  heat  accumulated  in  the  coal  which  is 
taken  up  by  the  flue  gases.  The  purpose  of  economical  stoking  is 
to  extract  as  much  heat  as  possible  from  the  flue  gases  in  order  to 
apply  this  efficiently  for  steam  production. 

This  is  done  by  exposing  the  flue  gases  in  the  most  efficient  way  to  a 
cooling  surface  consisting  of  the  so-called  heating  surface  of  the 
boiler  installation  in  the  widest  sense  of  the  word. 

The  cooling  of  flame  and  flue  gases  takes  place  by  the  walls  of  the 
combustion  chamber,  the  boiler  with  superheater,  the  économiser 
and  the  air-heater.  The  entire  boiler  installation  has,  therefore,  to 
be  dimensioned  in  such  a  way  that  each  of  the  component  parts 
cools  the  flue  gases  down  to  a  certain  temperature.  For  instance,  it  is 
necessary  to  cool  down  the  flue  gases  in  the  combustion  chamber  to  a 
certain  temperature,  before  they  come  in  contact  with  the  lining 
surfaces  of  the  combustion  chamber,  whereby  the  clinker  ceases 
to  be  liquid  or  plastic,  in  order  to  avoid  the  formation  of 
bird-nesting  in  the  boiler  and  deterioration  of  the  refractory 
brickwork. 

It  is  in  order  to  avoid  the  formation  of  birdnesting  in  the  boiler 
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that  the  temperature  of  the  gases  entering  the  boiler  has  to  be  lower 
than  the  fusing  point  of  the  ash. 

Further,  the  gases  going  into  the  superheater  have  to  be  cooled 
down  in  such  a  way  that  too  high  steam  temperatures  are  prevented; 
also  the  temperature  of  the  flue  gases  in  the  économiser  must 
be  kept  below  the  point  at  which  steam  raising  is  possible,  whereas 
the  temperature  of  the  exhaust  gases  has  to  be  so  low  that  the 
chimney  losses  are  cut  down  to  a  practical  minimum.  However, 
here  a  certain  limit  must  not  be  surpassed,  as  otherwise  there  would 
be  the  risk  of  condensation  with  chemical  injuries  as  a  consequence. 

In  the  following  remarks,  I  will  limit  myself  exclusively  to  the 
first-named  case,  i.e.,  the  combustion  chamber,  and  especially  I  will 
examine  the  way  in  which  this  can  be  best  constructed,  keeping  in 
mind  the  necessity  of  obtaining  such  cooling  that  the  brickwork  will 
stand  and  that  clogging  of  the  boiler  and  the  combustion  chamber  by 
birdnesting  and  molten  ash  may  be  avoided.  In  principle  this  matter 
is  exceedingly  simple. 

In  measuring  the  fusing  temperature  of  the  ash  of  the  coal  burnt, 
as  well  as  the  theoretical  temperature  obtained  by  combustion — 
i.e.,  the  temperature  which  the  flue  gases  would  reach  if  no  cooling 
whatever  were  to  take  place — the  necessary  drop  in  temperature 
to  be  obtained  by  cooling  is  known.  If,  also,  the  quantity  of  coal 
burnt  per  time-unit  is  known,  the  amount  and  the  composition  of 
the  total  flue  gases  produced  by  combustion,  the  amount  of  calories 
developed  and  the  specific  heat  of  the  flue  gases,  then  the  amount 
of  calories  to  be  absorbed  is  fixed  for  a  certain  quantity  of  coal 
burnt  in  the  combustion  chamber  before  the  gases  reach  the  boiler. 

In  stoking  a  certain  quantity  of  coal,  it  is  first  of  all  necessary 
to  fix  the  amount  of  heat  liberated,  the  amount  of  flue  gases  produced 
in  consequence  of  the  excess  of  air  at  which  combustion  takes  place, 
and  the  specific  heat  of  these  gases  in  order  to  fix  the  theoretical 
temperature.  I  have  called  these  particulars  the  combustion 
characteristics  of  a  certain  coal,  to  be  derived  when  the  chemical 
analysis  of  the  coal  is  known,  and  to  be  plotted  in  curves. 

These  figures  are  obtained  as  follows: — 

Of  a  certain  coal  the  chemical  analysis  and  the  calorific  value  are 
fixed.  Assuming  that  according  to  its  chemical  analysis  a  certain 
coal  contains  per  Kg.  : — 

c  Kg.  carbon,  w  Kg.  moisture, 

h    ,,    hydrogen,  a    ,,    ash; 

0    ,,    oxygen, 
then  oxygen  is  used  to  bum  the  carbon  to  CO 2,  the  hydrogen  to 
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HjO.    The  minimum  of  oxygen  necessary  for  complete  combustion 
is  for  : — 

c  Kg.  carbon        2-667c  Kg.  0,  giving  3-667c  Kg.  COg; 

h  Kg.  hydrogen  8A  Kg.  0,       „  9/i  Kg.  HgO. 

The  coal  itself  containing  o  Kg.  oxygen,  there  are  required  from 
the  air  :    (2-667c    +  %h  —  o)  Kg.  oxygen;    or  of  the  air  the  

weight  =  4-348  (2 -6670  +  Sh  -  o)  Kg. 

Of  which  77  per  cent,  is  nitrogen,  consequently  : — 

4-348  (2-667C  +  8Ä  -  0)  X  0-77  Kg.  nitrogen. 

If  now  the  combustion  takes  place  with  an  excess  of  air,  we  find 
a  certain  weight  of  free  oxygen  in  the  flue  gases  as  well  as  a  corres- 
ponding amount  of  nitrogen. 

Indicating  the  excess  of  air  by  A,  in  which  A  = 

weight  of  air  suppHed 
weight  of  minimum  amount  of  air  necessary  for  complete  combustion 

then  the  weight  of  the  nitrogen  will  be: — 

Na  =  4-348  (2-667c  +  8h  -  o)  X  0-77  A  Kg.; 
and  of  free  oxygen  : — 

O2  =  4-348  ("2 •667c  +  8A  -  0)  X  0-23  (A  -  1)  Kg.  ; 
together  : — 

N2  +  O2  =  4-348  (2-667C  +  Sh  -  0)  (A  -  0-23)  Kg. 

If,  now,  the  coal  contains  w  Kg.  moisture  per  Kg.,  this  weight  will 
be  found  in  the  flue  gases  in  the  form  of  vapour.  The  total  weight 
of  the  flue  gases  per  Kg.  coal  burnt  is  consequently  : — 

CO2        =  3 •667c  Kg. 

H2O        =  Qh-\-  w  Kg. 

N2+  02=  4-348  (2 -667c  +  8h  -  0)   (A  -  0-23)  Kg., 
wherein  4-348   (2-667  c  -\-  8h  —  0)   represents  the  amount  of  air 
necessary  at  A  =  1 ,  and  from  this  the  weight  of  the  flue  gases  can 
be  fixed  for  each  value  of  A. 

Now  there  still  must  be  fixed  the  relation  between  A  and  the 
percentage  of  CO 2  in  the  flue  gases,  this  indication  being  generally 
used.  The  percentage  of  CO2  is  always  expressed  in  volume  per  cent, 
of  the  dry  gas. 

At  a  temperature  of  15^C.  and  a  pressure  of  1  Atm. 

24-42 

1  Kg.  CO 2  has  a  volume  of  cu.  metre      =  0-555  cu.  metre, 

44 


"^  ..  =  0-87 

28 
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24-42 

1  Kg.  O2  has  a  volume  of cu.  metre     =  0-76  cu.  metre, 

so  that  the  coal  under  consideration,  when  burnt,  produces  : — 
CO2  0-555  X  3-667C  =  2-035c  cu.  metres  CO2  ; 
N2  4-348  (2-667C  -\-  8h  -  0)  X  0-77A  X  0-87  cu.  metre  Ng  ; 

02  4-348  (2-667C  +  Sh  -  0)  X  0-23  (A  -  1)  X  0-76  cu.  metres  Og 
Indicating  4-348  (2-667c  +  8Â  —  0)  by  A,  then  the  percentage  of 

CO  2   obtained  by  the  formula  is  : — 

,    „^  2 -035c  X  100 

per  cent.  CÜ2 


2-035C  +  0-67.4 A  +  0-175^  (A  -  1) 

By  means  of  this  formula  one  is  able  to  calculate  the  weight  of 
the  flue  gases  on  combustion  of  any  coal  of  which  the  chemical^ 
analysis  is  known  in  relation  to  the  percentage  of  CO 2  or  of  the 
excess  of  air  A. 

A  second  factor  dependent  on  the  composition  of  the  coal  is  the 
temperature  of  the  gases  formed  by  the  combustion,  i.e.,  the 
temperature  of  the  gases  on  the  assumption  that  there  is  no  cooling 
at  all.   This  temperature  I  would  call  the  theoretical  temperature. 

This  temperature  can  be  determined  if  one  knows  :  the  calorific 
value  of  the  coal  H;  the  specific  heat  of  the  resulting  combustion 
products  Si^;  and  their  weight  G.  For  a  certain  amount  of  a  certain 
combustible  the  latter  is  dependent  on  the  excess  of  air,  so  that, 
Sf^  being  known,  H  can  be  fixed  in  relation  to  A  or  of  the  percentage 
of  CO  2- 

At  the  temperature  of  2000'^C.,  i.e.,  about  the  theoretical  tempera- 
ture of  combustion  at  A  =  1 ,  and  at  atmospheric  pressure,  the 
values  of  S^  may  be  put  down  as  follows  : — 


Nitrogen 

=  0-28 

Oxygen 

=  0-245 

CO  2 

=  0-28 

H2O  (vapour) 

=  0-58 

Clinker 

=  0-18 

cal.  per  Kg.  and  per  degree  centigr, 
increase  of  temperature. 


so  that  the  theoretical  temperature  of  combustion  follows  from  the 
formula  : — 

r= "^ 

3-667C.  0-28+ (9h+w)  0-58+^  .  0-77\.  0-28+^. 0-23  (\- 1)  0-245  .  a  .  0- 18 

The  specific  heat  of  a  gas  at  a  certain  pressure  is  dependent  on  the 
temperature,  so  that  it  is  dependent  on  two  factors,  i.e.,  the 
temperature  of  the  gas  and  its  composition. 
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Fig.  1.     Specific  heat  of  steam  per  Kg./cal. 

Figures  1,  2,  3  and  4  show  the  specific  heat  of  CO 2,  N2  and  Oj 
and  steam. 
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Fig.  2.     Specific  heat  of  carbon  dioxide  per  Kg./cal. 
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Fig.  4.     Specific  heat  of  oxygen  per  Kg. /cal. 


By  means  of  these  data  and  the  above  formula  the  theoretical 
temperature  T  of  the  combustion  gases  can  be  fixed  in  relation  to 
A  and,  in  consequence,  to  the  percentage  of  CO 2;  so  that  for  each 
sort  of  coal  we  now  can  determine  the  weight  of  the  flue  gases  formed, 
and  their  theoretical  temperature,  dependent  on  the  percentage 
of  CO 2  or  the  excess  of  air,  whereas  the  mutual  relation  between 
these  latter  two  can  be  fixed  by  curves.  These  data  I  would  call  the 
combustion  characteristics  of  a  certain  coal.  I  carried  through 
these  calculations  for  four  typical  varieties  of  coal,  commonly  applied 
in  practice,  i.e.  • — 

Anthracite, 
Dry  coal, 
Coking  coal, 
Gas  coal. 

367 


PULVERISED  FUEL 


a.Aoo. 


EXCE.6S  . 
or  AIR.    ' 


2,0.  1 900 

j,9  laoo 

l,s  )  700 

17  1 600 

i.ft  I  500 


1.2      I  100 


' 

1, 

, 

•>F 

/ 

\ 

^ 

y 

1 

n 

In, 

m\ 

\ 

/ 

/ 

■ 

V 

\' 

/ 

/ 

/ 

V 

\, 

\ 

K( 

,.  Fl 

\x. 

sa: 

u 

PE 

3    K 

&  < 

OAl 

e>i 

IRN 

r 

/ 

/ 

1 

\ 

\' 

K 

\' 

\'^ 

/. 

1 

/ 

V 

\l 

v: 

\, 

\ 

v^ 

/ 

./ 

/ 

\ 

\^ 

V 

\ 

'/ 

/ 

K 

\ 

N.  " 

0 

^^ 

' 

,/' 

/ 

\ 

\ 

^ 

< 

,    / 

/ 

/ 

/f 

^v> 

y 

V 

>r 

/ 

n 

IS 

/ 

/ 

/> 

\ 

\ 

,' 

/ 

/ 

/ 

\ 

s 

/ 

^//i 

/m 

TMI 

OR 

iTH 

At. 

TEI. 

«PEI 

»A.T 

JRI 

\ 

\ 

\ 

/ 

/' 

f 

y 

•K 

V 

/ 

y 

/ 

K< 

^ 

/ 

/  ' 

/ 

/ 

K" 

\' 

/ 

/Il 

/ 

/ 

/ 

/ 

\ 

^. 

^ 

''/  / 

/ 

/ 

/ 

,^ 

S 

/ 

y 

/ 

/ 

/ 

/ 

/ 

\ 

V 

^ 

y 

> 

/ 

• 

A 

V 

N 

^ 

y 

,/ 

y 

/ 

y 

/j 

7/ 

/ 

\ 

\' 

\ 

X 

y 

y 

^ 

.^ 

^^ 

/ 

\ 

s:^ 

< 

^ 

y 

• 

/ 

y 

' 

./^ 

^^ 

/ 

\l 

v\ 

^ 

y 

t^ 

^' 

(^ 

^ 

/ 

\ 

> 

y 

y' 

.^ 

<i 

^ 

^ 

'' 

4 

^ 

w 

■> 

X 

<^r 

'y' 

y 

;/ 

^ 

'V 

^ 

^ 

^. 

^ 

^ 

'^. 

" 

V. 

■  I 

lY 

BE 

K.a. 

Z4 


»7 


ta'       17        16 


14.         11  12.         Il  10 


%co. 


M01Ï>TUHE. 
ASM 


VOI.ATI1.E.S 
CAL.ORIO  VALU& 


I I m E 

&A&  COAl. 
AmTM«*<CiTE,.        ORy   COAU        COKIWû   COAL^.    (COAL.        VVITm 

L.ONa    FL.AMe.) 


5,31    V, 
1.52-/. 

«a.7A  •/. 

1  .69  •/. 

0.5S  y. 

0.72  7. 

S. SI   7. 

72>7ICAL 


a^i.zo  •/. 
3,27  •/. 
s.is  r. 
o,ss  ■/. 

O.S>6>  f. 
12.6  •/. 
7S5SCAU; 


s,ii5  y« 

s, 22   % 

7S.36    % 

^,So    % 

3,21  y. 

0,SB    % 

t. 07  y- 

2 0,00    •/. 
7a  A  a  CAL 


2. 5  s    7. 

12,35  y, 
71.S2  y. 

i4,o3  y. 

7.07  % 

O.S9    Ä 

za.oa  y. 
6sa  ical: 


Fig.  5.     Combustion  Characteristic. 
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Fig.  5  shows  the  various  curves  and  the  analysis  of  the  four  different 
kinds  of  coal  for  which  the  calculation  was  carried  out. 

Taking,  for  instance,  coal  No.  3,  coking  coal,  we  see  that  when 
this  coal  is  burnt  at  15-5  per  cent.  CO 2,  the  theoretical  temperature 
of  combustion  is  1,970''C.,  but  we  have  seen  that  it  is  necessary 
in  order  to  avoid  birdnesting  in  the  boiler  and  deterioration  of  the 
walls,  that  the  temperature  of  the  gas  should  be  cooled  down  to 
below  fusing  point  of  the  ash.  Say  this  is  1200°C.  We  must,  there- 
fore, have  a  cooling  device  in  the  combustion  chamber  which  is 
capable  of  effecting  this. 

Now  we  see  from  Fig.  5  that  1  Kg.  of  the  coking  coal  under  con- 
sideration produces,  when  burnt  at  15-5  per  cent.  COg,  13-7  Kg.  flue 
gas,  and  if  not  cooled  in  any  way  would  have  a  temperature  of 
1,970°C.    The  heat  content  is  therefore 

13-7  X  1970  X  S;^  calories, 
whereas  this  gas,  cooled  down  to  1,200°C.,  will  have  a  heat  content 
of  13-7  X  1,200  X  S;,i  calories. 
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Fig.  6.     Specific  heat  of  average  flue  gas. 

If  now  S;,  and  S^  are  known  of  this  gas  at  the  different  tempera- 
tures, it  is  possible  to  calculate  the  amount  of  heat  which  has  to 
be  absorbed  in  the  combustion  chamber  per  Kg.  of  coal  burnt. 

Since  it  is  not  essential  that  this  calculation  should  be  correct 
within  1  per  cent.,  it  is  permissible  to  determine  the  value  of  flue 
gas  of  an  average  composition. 

This  has  been  done  and  the  curve  is  plotted  in  Fig.  6,  where  the 
value  of  S;j  at  1,970°C.  is  0-275,  the  heat  content  of  the  flue  gas 
per  Kg.  of  coal  burnt  being  7,350  cal. 

At  1,200°C.,  however,  the  5;,^  falls  to  0-265  and  the  heat  content  is 
reduced  to 

13-7  X  1200  X  0-265  =  4,350  calories, 
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so  that  not  less  than  3,000  cal.  per  Kg.  of  coal  burnt  must  be  absorbed 
in  the  combustion  chamber  before  the  gas  enters  the  boiler,  or  41 
per  cent,  of  the  total  amount  of  heat  generated. 

Owing  to  the  high  temperature,  nearly  all  this  heat  is  taken  by 
radiation  on  to  the  six  walls  of  the  combustion  chamber,  i.e.,  the 
four  vertical  walls  of  the  combustion  chamber,  the  boiler  which 
is  on  top  of  it  and  the  bottom  or  ashpit. 

One  of  the  most  important  questions  in  designing  the  combustion 
chamber  is  to  dimension  it  in  such  a  way  that  the  necessary  heat 
can  be  absorbed  by  the  walls. 

However,  before  going  further  into  the  question  how  this  may  be 
achieved  in  the  most  satisfactory  way,  it  is  necessary  to  summarize 
a  few  other  conditions  which  have  to  be  considered. 

It  is  known  that  birdnesting  is  found  in  a  boiler  not  only  when 
the  gas  enters  the  combustion  chamber  at  too  high  a  temperature 
and  in  consequence  the  molten  ash  sticks  to  the  tubes  of  the  boiler, 
but  also  when  the  combustion  is  not  completed  in  the  combustion 
chamber,  so  that  combustible  matter  settles  on  the  tubes  where  it 
will  burn  away  slowly,  creating  a  high  local  temperature  and 
fusing  the  ash  with  which  it  is  mixed,  to  which  other  ash  will  stick. 
In  order  to  promote  complete  combustion  in  the  combustion 
chamber,  it  is  of  importance  that  the  walls  should  not  be  too  cold, 
which  means  that  it  is  advisable  to  construct  them  of  fireclay 
brick. 

The  mechanical  construction  of  these  brick  walls  has  to  be  con- 
sidered since  the  walls  are  heated  up  to  high  temperatures  and 
cooled  down  again  when  the  boiler  is  taken  out  of  commission.  It 
stands  to  reason  that  the  expansion  and  contraction  which  are 
caused  by  these  temperature-differences  make  it  necessary  to 
provide  for  a  very  sound  mechanical  construction  of  these 
walls. 

It  is  owing  to  the  necessity  for  combining  these  three  desirabilities, 
namely: — 

The  use  of  refractory  as  waU  material; 
A  sound  mechanical  construction  of  the  brick  walls; 
An  efficient  cooling  of  these  walls; 
that  I,  some  six  years  ago,  constructed  a  water-cooled  brick  wall 
consisting  of  a  cage  of  water  tubes  which  in  itself  forms  a  mechanical 
construction  and  is  part  of  the  boiler.   Between  the  tubes  the  bricks 
are  piled  up,  forming  a  gas-tight  waU  for  the  combustion  chamber 
and  a  lining  for  the  tubes,  and  which  will  stand  a  higher  temperature 
than  the  naked  tubes  can  endure. 
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Fig.  7. 

The  construction  of  the  wall  and  the  bricks  used  are  shown  in 
Fig.  7. 


Fig.  8. 

Fig.  8  shows  a  section  of  the  waU;  at  the  rear  end  of  the  tubes 
T-iron  strips  are  welded.    These  strips  are  cut  in  lengths  of  about 
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1  metre  to  make  the  construction  less  rigid,  which  is  advisable  in 
view  of  the  difference  in  temperature  between  the  tube  and  the 
back  flange  of  the  strip. 

This  construction  fixes  the  fireclay  brick  between  the  tubes  and 
these  strips.  Behind  the  brick  wall  is  an  air  duct  of  170  mm.  width, 
the  second  wall  of  which  consists  of  an  iron  sheet  construction 
lined  with  a  layer  of  magnesia  blocks  of  55  mm.  thickness. 

Although  the  bricks  are  very  well  cooled  by  the  water-cooled 
tubes,  it  has  happened  that  the  front  part  of  the  brick  was  eaten 
away  by  the  flame  so  that  the  brick  lost  its  hold  round  the  tube  and 
parts  of  the  wall  would  fall  backwards  into  the  air  duct  if  the  wall 
was  not  held  by  the  flange  of  the  T-iron  strips.  In  this  construction 
the  wall  will  hold  definitely  because  the  flame  never  will  eat  the 


Fig.  9.     Wall  Construction. 


brick  further  away  than  half  between  the  tubes.  If  they  are  half 
bare  their  cooling  effect  is  such  that  the  rear  portion  of  the  brick  is 
safe  under  aU  circumstances  (Fig.  9).  Another  way  of  increasing 
the  cooling  of  the  wall  (Fig.  8)  is  by  using  half-size  brick,  leaving 
the  tube  half  bare  towards  the  combustion  chamber. 
This  wall  has  a  certain  cooling  effect,  but  in  case  it  should 
not  be  sufficient  to  obtain  the  necessary  total  cooling  in  the 
combustion  chamber,  bare  tubes  are  placed  in  front  of  this  wall, 
at  the  same  pitch  as  the  tubes  inside  the  wall,  but  placed  half-way 
between  them,  so  shielding  at  the  same  time  the  front  of  the  brick 
which  is  cooled  the  least.  In  this  case  it  is  unnecessary  to  use 
T-iron  strips. 
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Having  dealt  with  the  construction  of  the  combustion  chamber 

(see  Fig.  10)  the  coohng  effect  obtained  may  be  further  considered. 

By  means  of  a  great  number  of  tests  and  calculations  the  cooling 


Fig.  10. 

efïect  of  the  various  linings  of  the  combustion  chamber  has  been 
determined.  It  was  found  that  by  radiation  from  the  combustion 
chamber  on  to  the  boiler,  proper  working  at  15-16  per  cent.  CO 2 
and  at  an  average   temperature   of   the   combustion   chamber  of 
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1200/1300°C.,  110,000  cals,  per  sq.  metre  of  boiler  surface  is  trans- 
mitted. 

By  the  boiler  surface  is  meant  the  surface  of  the  hole  in  the  com- 
bustion chamber  covered  by  the  boiler. 

The  bare  tubes  which  stand  free  in  the  combustion  chamber 
(Fig.  7)  as  the  ash  screen  tubes  take  90,000  cals,  per  sq.  metre,  the 
total  surface  of  the  tube  taken  into  consideration  meaning  ird  X 
length  of  tube. 

The  tubes  embedded  in  the  wall  take  12,000  cals,  per  sq.  metre 
circumference  and  in  case  only  the  back  half  of  the  brick  is  used, 
i.e.,  if  the  tube  is  half  bare  towards  the  combustion  chamber  (see 
Fig.  9),  30,000  cals,  per  sq.  metre  are  absorbed.  Since  the  tube- 
circumference  is  about  the  same  as  the  length  of  the  brick  (about 
240  cm.),  we  may  say  that  1  sq.  metre  of  water-cooled  WciU  takes 
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Fig.  1 1 . — Heat  transmission  through  brick  walls  without  water-cooling. 

12,000  cals,  when  the  tubes  are  entirely  embedded,  and  30,000 
cals,  if  the  tubes  are  half  bare,  i.e.,  if  only  half  bricks  are  used. 

Adopting  the  figures  of  heat  transmission  through  brick  walls 
(uncooled),  pubhshed  in  Power.  17th  April,  1923,  p.  992,  given 
as  shown  in  Fig.  1 1 ,  we  can  now  calculate  how  the  combustion 
chamber  should  be  arranged  from  a  cooling  point  of  view,  so  that 
the  boiler  can  work  at  high  efficiency,  i.e.,  with  high  CO 2  content 
and  nevertheless  will  keep  clean  with  a  low  figure  of  maintenance, 
i.e.,  no  deterioration  of  the  brickwork;  or  in  other  words,  low 
temperature  of  the  walls  avoiding  the  running  of  molten  ash,  and 
low  cost  of  attendance  to  keep  the  boiler  in  clean  condition  without 
the  formation  of  birdnesting. 

It  is  a  weU-known  fact  that  the  smaller  the  boiler  and  in  consequence 
the  heat  produced  in  the  combustion  chamber,  and,  therefore,  the 
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smaller  the  combustion  chamber  itself,  the  easier  are  the  conditions 
for  cooling. 

This  is  well  demonstrated  by  the  following  calculation: — 

Working  without  preheated  air  we  can  take  as  an  average  figure 
that  about  14  Kg.  of  coal  can  be  burnt  per  cubic  metre  of  com- 
bustion chamber,  which  means  that  the  combustion  chamber  is 
worked  at  a  rating  of  100,000  cals,  per  cubic  metre. 

Assuming  a  combustion  chamber  in  the  form  of  a  cube,  the  top  of 
which  is  formed  by  the  boiler,  and  the  use  of  coal  of  7,350  cals,  per 
Kg.,  we  find  for  a  combustion  chamber  of  I  cubic  metre  the  produc- 
tion of  1 4  X  7 ,  350  cals  .=  1 03 ,000  cals .  At  full  load  rating  of  the  com- 
bustion chamber  and  working  at  15-16  per  cent.  CO 2,  this  heat  could 
be  absorbed  entirely  by  the  1  sq.  metre  of  boiler  on  the  top  of  the 
combustion  chamber  only  so  that  in  this  case  the  walls  will  not  have 
to  be  cooled  at  all.  On  the  contrary  the  cooling  effect  of  the  boiler 
alone  on  the  combustion  chamber  is  already  too  great  to  keep  up 
normal  conditions  of  combustion. 

Let  us  now  consider  more  practical  sizes,  but  for  sake  of  simplicity 
of  calculation  we  keep  to  the  assumption  of  a  cubic  combustion 
chamber,  which  means  that  all  the  five  walls  are  square  and  equal  in 
surface  and  that  the  boiler  forms  the  sixth  surface  of  the  cube. 

Taking  again  coking  coal  No.  3  (see  Fig.  5)  of  7,350  cals,  per  Kg. 
burnt  at  15-5  per  cent.  CO 2,  14  Kg.  coal  is  burnt  per  cubic  metre 
of  combustion  chamber,  meaning  roughly  100,000  cals,  per  cubic 
metre,  which  is  an  absolute  minimum,  and  1200°C.  temperature 
to  which  the  gases  are  cooled  down  in  the  combustion  chamber 
before  leaving  it,  thus  entering  into  the  boiler,  the  calculation  is 
carried  through  for  boilers  of  different  size  taking  from  500  Kg. 
coal  per  hour  up  to  5,000  Kg. 

Table  I.  shows  that  it  is  impossible  to  reach  the  above-named 
conditions.  Owing  to  the  fact  that  the  walls  of  the  combustion 
chamber  are  not  water-cooled,  the  gases  cannot  be  cooled  down 
sufficiently  to  the  desired  temperature  of  1200°C.  with  a  CO  2 
content  of  15-5  per  cent,  or  A  =  1  -57. 

Column  X  shows  clearly  that  the  bigger  the  boiler  the  greater  the 
surplus  of  heat  in  the  gases,  which  in  itself  is  evident  as  the  cooling 
effect  of  the  walls  of  the  combustion  chamber  varies  with  the 
second  power,  whereas  the  amount  of  coal  burnt,  keeping  the 
rating  of  the  combustion  chamber  constant,  follows  the  third 
power. 

The  two  conclusions  to  be  derived  from  Table  I.  are: — 

The  use  of  non-water-cooled  walls  of  combustion  chambers  for 
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powdered  fuel  is  only  permissible  for  smaller  boilers  and  limits 
the  percentage  of  COg.  The  larger  the  boiler  the  more  intense  the 
cooling  of  the  walls  of  the  combustion  chamber  must  be. 

In  order  to  demonstrate  the  effect  of  both,  the  calculation  is 
carried  through  for  various  percentages  of  CO  2  for  the  various 
sizes  of  combustion  chamber  or  boiler.  Again  the  calculation  is 
based  on  the  use  of  Coal  No.  3  and  1200°C.  temperature,  and  of  a 
cubical  combustion  chamber  without  water-cooled  walls.  The 
results  show  that  whereas  at  15-5  per  cent.  COg,  even  the  smallest 
size  combustion  chamber  or  boiler  has  not  sufficient  cooling  effect 
to  keep  the  gas  temperature  in  the  combustion  chamber  at  1200°C.  ; 
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Fig.  12. 

this  temperature  will  be  below  this  figure  for  all  sizes  at  10  per  cent. 
CO2. 

For  the  intermediate  figures  of  CO 3,  the  smaller  sizes  can  be 
worked  at  the  desired  temperature  of  1200°C.,  the  larger  not.  The 
lower  the  percentage  of  CO 2  the  larger  the  size  of  boiler  which  can  be 
worked  without  water-cooled  walls  at  the  satisfactory  gas  tempera- 
ture of  1200°C. 

In  Fig.  12  the  results  of  Table  II.  have  been  plotted  as  curves  and 
from  these  curves  Fig.  13  is  derived,  indicating  the  size  of  boiler 
which  at  a  certain  percentage  CO 2  may  not  be  surpassed  in  order 
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to  keep  the  gas  temperature  of  the  combustion  chamber  from 
exceeding  the  I200°C.  figure  without  adopting  water-cooling  for 
the  walls.  It  is  clear  that  air-cooling  of  the  walls  for  heated  com- 
bustion air  cannot  help  in  this  case,  because  the  heat  which  is  taken 
out  of  the  combustion  chamber  in  this  way  is  brought  back  again 
to  it  and  so  the  final  gas  temperature  is  not  directly  affected  by  it. 
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Fig.  13.     Curves  showing  limiting  size  of  boiler  according  to  percentage  COj 
at  1200°C.,  in  combustion  chamber. 

It  is  understood  that  the  figures  given  in  Tables  I.  and  II.  have  no 
other  practical  value  than  to  demonstrate  this  relation  since  they 
are   based   on   the   assumption   that    the   combustion   chamber  is 
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cubical,  and  that  the  boiler  occupies  one-sixth  part  of  the  surface, 
and  also  that  the  combustion  chamber  is  worked  at  a  very  low  rating 
of  100,000  cals,  per  cu.  metre.  It  is  clear  that,  at  a  higher  rating, 
the  conditions  are  more  difficult  and  the  necessity  of  water-cooling 
the  walls  becomes  indispensable  with  a  smaller  percentage  of  CO  2. 

This  was  done  to  simplify  the  calculation,  but  it  stands  to  reason 
that  in  practice  conditions  may  be  very  different  from  this. 

In  order  to  apply  the  theory  developed  above  to  a  case  directly 
taken  from  practice,  I  would  discuss  a  pubhcation  which  appeared 
in  Heal  Engineering,  No.  4,  April,  1928,  concerning  the  appHcation 
of  pulverised  coal  at  the  works  of  the  Hershey  Corporation,  Cuba. 

During  1927,  the  Hershey  Corporation  remodelled  the  power  plants 
and  equipped  them  with  the  Aero  Unit  System  for  firing  pulverised 
coal. 

The  railway  power  plant  consists  of  four  509  H.P.  Babcock-Wilcox 
bouers,  and  it  is  stated  that  the  reconstruction  was  so  designed  as  to 
make  possible  the  use  of  refractory-lined  furnaces  of  sufficient 
volume  to  provide  for  moderate  combustion  rates  at  peak  load,  and 
in  that  way  ensure  satisfactory  furnace  conditions. 

The  walls  are  not  water-cooled. 

The  results  of  a  24-hour  test  which  was  run  under  normal  operation 
conditions  are  as  follows: — 


Total  coal  burned  in  24  hours     ... 

Total  coal  burned  per  hour 

Total  water  evaporated  in  24  hours 

Percentage  boiler  rating 

Water  per  lb.  of  coal 

Steam  pressure — lb.  per  sq.  in.  gauge 

Steam  temperature 

Superheat    ... 

Temperature  of  feed  water 

Moisture  in  coal 

Efficiency  of  unit  (boiler  and  furnace) 


81,630  lb. 
3,400  ,, 
784,680  „ 
211   „ 
9-6 
250 
530°F. 
125  „ 
210  „ 

4  per  cent. 
79-8  per  cent. 


From  these  figures  we  see  that  the  coal  burnt  per  hour  amounts 
to  1,550  Kg.,  and  the  steam  production  is  15,000  Kg.  per  hour.  The 
heat  taken  up  by  1  Kg.  water  supphed  to  the  boiler  and  evaporated 
is  612  cals.,  so  the  total  heat  taken  up  in  the  boiler  by  the  steam 
produced  is  15,000  X  612  =  9,200,000  cals.  Boiler  efficiency  being 
80  per  cent.,  the  heat  produced  by  the  coal  is  11,500,000  cals.  The 
size  of  the  combustion  chamber  is  about  4x5-4x5  metre  =  108 
cu.  metres,  which  means  that  the  calorific  value  of  the  coal  amounts 
to  7,400  cal.,  and  the  rating  of  the  combustion  chamber  is  106,000 
cals,  per  cu.  metre,  or  about  the  same  conditions  as  the  above 
calculations  are  based  on. 
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As  far  as  the  walls  of  the  combustion  chamber  are  concerned,  the 
following  applies: — 
Thickness  of  the  front  wall  is  about  23  in.,  of  the  back  wall  25  in. 
The  surface  is: 


Side  walls 
Back  wall 
Front  wall 
Arch 
Bottom 


51  sq.  metres. 
20 
20 
8 
20 


1 19  sq.  metres. 

The  heat  transmission  per  sq.  metre  of  wall  surface  will  be  about 
2,000  cals,  (consult  Fig.  11),  and  therefore  the  total  heat  lost  by 
transmission  through  the  walls  of  the  combustion  chamber  equal 

to  240,000  cals,  or    ^^^'^^^      =2-07  per  cent. 
11,500.000  ^ 

The  boiler  surface  covering  the  combustion  chamber  is  4  X  4  = 
16  sq.  metres,  so  this  takes  out  of  the  combustion  chamber  owing  to 
radiation: — 

16  X    1 10,000  cals.  =  1,760,000  cals, 
through  the  walls  235,000    ,, 


in  total  1,995,000  cals. 

Altogether  1 1 ,500,000  cals,  are  produced  by  the  coal,  which  means 
that  17-3  per  cent,  of  heat  is  taken  from  the  gases  in  the  combustion 
chamber. 

Starting  from  the  necessity  to  limit  the  gas  temperature  in  the 
combustion  chamber  to  a  temperature  not  exceeding  1,250°C.  so 
that  one  is  not  restricted  to  the  use  of  coal  with  ash  of  extra  high 
fusing  point,  the  theoretical  temperature  of  combustion,  neglecting  the 

slight  difference  in  specific  heat,  works  out  at- X  1,250°C. 

^  100-17-3 

=  1,510°C.,  which  means  for  coal   No.  3,  11-8  per  cent.  COg  and 

17-5  Kg.  gas  per  Kg.  coal  burnt  (see  Fig.  5),  the  total  amount  of  gas 

being  1.550  X  17-5  =  27,200  Kg. 

The  boiler  efficiency  is  found  to  be  79-8  per  cent.,  which  means 

roughly  20  per  cent.  loss,  which  can  be  specified  as  follows  : — - 

Combustion  chamber        ...      205  per  cent.  =  235,000  cals. 

Radiation  loss  in  boiler  ...      1              ,,  =  115,000     ,, 

Combustible  in  ash             ...      4              ,,  =  460,000     ,, 

Loss  in  flue  gas      13             ,,  =  1,500,000     „ 


2,310,000  cal. 
Allowing  for  0-8  per  cent.  CO  g  loss  through  leakage  in  the  boiler, 
the  weight  of  flue  gas  is: — 
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18-7  X  1550  =  29,000  Kg.,  i.e.,  increased  by  1,800  Kg.  of  gas, 
so  that  the  flue  gas  temperature  t^  = 

29,000  X  0-25  X  ^^  =  1,500,000  cals.     Thus  tf  =  208X. 

Now  let  us  consider  what  results  would  have  been  obtained  if 
water-cooled  walls  were  appUed. 

Starting  from  the  assumption  that  we  bum  the  same  amount  of 
coal,  namely  1 ,550  Kg.,  but  now  with  1 6  per  cent.  CO  g  in  the  combus- 
tion chamber,  which  means  13-3  Kg.  gas  per  Kg.  of  coal  or  20,700 
Kg.  in  total  at  a  theoretical  temperature  of  2,030°C.,  again  with  a 
heat  content  of  11,500,000  cals.,  the  20,700  Kg.  of  gas  have  to  be 
cooled  down  to  1,250°C.  with  a  heat  content  of  20,700  X  1,250  X 
0-265  =  6,900,000  cals. 

So  the  cooling  of  the  combustion  chamber  must  be  able  to  absorb 
4,600.000  cals. 

The  surface  of  the  water-cooled  walls  is: — 


Vertical  walls 

Arch 

Floor 

Boiler  radiated  surface 


92    sq.  metres. 

2-5 

20 

16 


In  case  the  walls  are  constructed  half  bare  as  sho^vn  in  section 
Fig.  10,  they  will  be  able  to  absorb  30,000  cals,  per  sq.  metre. 

Arch  and  walls  take  in  total  94-5  x  30,000  = 

2,840,000  cals.  2,840,000  cals. 

Floor  at  2,500  cals,  having  20  sq.  metres  surface        50,000     ,, 
Boiler  radiated  surface     ...  ...  ...  ...1,750,000     ,, 


4,640,000  cals. 


so  that  this  wall  construction  is  sufficient  to  take  charge  of  the  total 
amount  of  heat  to  be  absorbed  in  the  combustion  chamber. 

Should  it  be  preferred  to  use  entirely  covered  tubes  for  part  of 
the  walls,  the  loss  of  heat  absorbtion  so  caused  being  30,000- 
12,000  cals,  must  be  regained  by  the  use  of  an  ash-screen  in  the 
bottom  of  the  combustion  chamber,  one  tube  of  which  has  an 
absorbtion  surface  of  0-52  sq.  metre,  and  can  take  charge  of  47,000 
cals. 
The  advantages  of  this  construction  can  be  summarised  as  follows: — 
It  is  clear  that  from  the  losses  the  flue  gas  loss  is  materially  de- 
creased. The  losses  at  1 1  per  cent.  COg  and  208°C.  for  29,000  Kg. 
of  gas  amount  to  1,500,000  cals.,  since  the  amount  of  gases  at 
16  per  cent.  CO 2  are  reduced  to  20,700  in  the  combustion  chamber 
with  the  same  air  leakage  at  1,800  Kg.,  being  22,500  Kg.  in  the  flue. 
This  smaller  amount  of  gas  entering  the  boiler  at  the  same  tempera- 
ture of  1,250°C.  will  be  cooled  down  to  a  lower  temperature  by  the 
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same  boiler,  so  that  we  may  take  the  flue  gas  temperature  in  this 
case  at  200°C.,  so  that  the  total  heat  leaving  the  chimney  amounts 
to  22,500  X  200  X  0-25  =  1,130,000  cals.,  bringing  the  efficiency 
of  the  boiler  up  to  83-2  per  cent.,  the  boiler  producing  4-4  per  cent, 
more  steam. 

And  now  concerning  the  costs. 

The  tubes  used  for  the  mechanical  and  heat-absorbing  construction 
of  the  walls  are  in  total — meaning  inclusive  of  connecting  tubes  and 
erection — not  more  expensive  than  a  tube  section  of  the  boiler 
with  all  that  is  connected  to  it.  Now  we  have  seen  that 
1  sq.  metre  of  half -embedded  tube  takes  30,000  cals.,  whereas  the 
boiler  tube  takes  on  an  average  much  less,  as  9,200,000  cals,  are 
taken  up  by  the  entire  boiler,  which  means  roughly  17,300  cals, 
per  sq.  metre,  so  for  the  same  amount  of  heat  absorbed  the  wall  tube 
construction  is  cheaper.  At  the  same  time  it  is  clear  that  much  less 
fireclay  brick  is  used  and  that,  the  tubes  once  installed,  the  con- 
struction of  the  brick  wall  is  very  simple  and  very  cheap.  Owing  to 
the  coohng  of  the  wall  and  the  flexible  construction  supported  by 
iron  tubes  allowing  for  expansion  and  contraction,  the  maintenance 
of  the  refractory  is  very  small. 

As  mentioned  already,  apart  from  these  advantages,  this  con- 
struction results  in  an  increase  of  boiler  duty  of  4-4  per  cent.,  with 
a  smaller  amount  of  gas  to  be  transported  through  to  the  boiler. 
The  increase  of  steam  output  due  to  the  water-cooled  wall  construc- 
tion is  not  restricted  to  this  figure.  The  boiler  itself  is  capable  of 
dealing  with  27,000  Kg.  of  gas,  which  is  cooled  down  from  1,250°C. 
to  200°C.    Burning  the  coal  at  16  per  cent.,  1  Kg.  of  coal  produces 

29  000 
13-3  Kg.  of  gas  so  that  the  boiler  can  be  fired  with  —  ' =  2, 1 70  Kg. 

coal,  giving  at  7,400  cals,  per  Kg.  16,200,000  cals.  The  boiler  losses 
are  not  affected  and  remain  at  2,312,500  cals.,  giving  a  net  heat  of 
13,887,500,  giving  roughly  22-5  tons  of  steam  and  a  boiler  efficiency 
of  86  per  cent. 

The  29,000  Kg.  of  gas  must  be  cooled  down  again  in  the  combus- 
tion chamber  to  1,250°C.,  the  theoretical  temperature  being 
2,030°C.,  so  that  the  cooHng  of  the  combustion  chamber  must  take 
charge  of  : — 

29,000  X  2,030  X  0-275  =  16,200,000  cals. 
-  29.000  X  1,250  X  0-265  =    9,600,000    „ 

6,600,000  cals.,  which    can    be 
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done  by  using  water-cooled  walls  of  section  Fig.  9  and  the  application 
of  an  ash  screen. 

How  far  it  is  advisable  to  go  to  that  extent  merely  depends 
on  the  question  whether  the  larger  steam  production  is  wanted — 
the  right  amount  of  superheat  can  be  maintained,  for  example, 
by  installing  a  radiant  superheater  in  the  combustion  chamber — 
and  whether  a  sufficient  extra  cooling  surface  of  bare  tubes  can  be 
installed  in  the  combustion  chamber  in  the  form  of  an  ash  screen 
and  tubes  in  front  of  the  wall. 

In  the  above,  I  have  tried  to  explain  the  use  of  the  combustion 
characteristics  which  can  be  worked  out  for  each  coal  of  which 
the  chemical  analysis  is  known  in  the  design  of  boiler  and  combustion 
chamber,  and  further,  how  with  the  aid  of  these  can  be  shown  clearly 
the  advantages  which  water-cooled  walls  under  all  normal  con- 
ditions have  over  simple  brick  walls,  whether  air-cooled  or  not. 

ZUSAMMENFASSUNG 

Technisch  betrachtet  wird  bei  der  Verbrennung  die  in  der  Kohle  aufge- 
speicherte latente  Wärme  frei  und  geht  auf  die  Abgase  über.  Sparsames  Heizen 
bezweckt,  möglichst  viel  dieser  Wärme  aus  den  Abgasen  wieder  herauszuholen, 
um  sie  in  wirksamer  Weise  zur  Dampferzeugung  zu  verwenden.  Dies  geschieht, 
indem  man  die  Abgase  einer  kühlenden  Fläche,  der  sogenannten  Heizfläche 
der  Kesselanlagen,  aussetzt. 

Der  Bericht  befasst  sich  ausschliesslich  mit  dem  Verbrennungsraum  und  mit 
der  besten  Bauart  desselben  unter  Beachtung  des  Erfordernisses  einer  so 
gearteten  Abkühlung,  dass  das  Mauerwerk  standhält  und  ein  Verstopfen  des 
Kessels  und  des  Verbrennungsraumes  vermieden  wird.  Beim  Besprechen 
des  Verbrennungsraumes  erläutert  der  Bericht  die  Verwendung  der  Ver- 
brennungseigenschaften, die  für  jede  Kohlenart,  deren  chemische  Analyse 
bekannt  ist,  bestimmt  werden  können;  er  zeigt  auch  klar  die  Vorzüge  der 
wassergekühlten  Wände  unter  normalen  Bedingungen  gegenüber  einfachen 
Backsteinwänden  mit  oder  ohne  Luftkühlung. 
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GENERAL  PROGRESS 

Pulverised  fuel  burning  is  now  used  in  the  cement  industry  and 
in  power  stations  to  a  great  extent,  all  over  the  world,  and  has 
certainly  come  to  form  a  most  important  branch  in  the  practice 
of  combustion.  In  the  following  paper,  the  progress  of  its  adaptation 
and  present  status  for  steam  generation  in  Japan  will  be  described. 

The  history  of  the  development  of  burning  coal  in  pulverised  form 
in  Japan  commences  in  1903,  when  the  Asano  Cement  Company 
imported  the  first  rotary  kiln  into  our  country  from  the  United 
States  for  their  Fukagawa  Works,  Tokyo.  This  example  was  soon 
copied  by  many  other  cement  works,  and  almost  all  our  cement 
factories  are  now  using  rotary  kilns  and  pulverised  coal  burning 
throughout.  Little  difficulty  has  been  encountered  in  adopting  the 
new  method  of  combustion  with  our  coal.  The  pulverisers  imported 
were  chiefly  the  FuUer-Lehigh  mills,  but  the  American  Aero  Pul- 
verisers and  others  were  also  brought  over. 

For  steam  generation,  however,  this  method  has  made  rather  slow 
progress.  The  first  man  who  tried  to  adopt  pulverised  coal  firing  for 
steam  boilers  in  our  country  was,  so  far  as  the  writer  is  aware, 
Mr.  (now  Dr.)  K,  Sakuma.  While  he  was  the  chief  of  the  Omiya 
Works  of  the  Imperial  Government  Railway,  with  the  intention  of 
utilising  the  fuel  dust  which  wa^  thrown  away  out  of  the  coal  used 
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for  steam  boilers  or  coke  for  the  foundry,  he  turned  the  dust  into 
pulverised  form  with  a  simple  type  of  roller  pulveriser,  and  tried 
to  burn  it  in  the  furnace-tubes  of  a  Lancashire  boiler,  blowing  it 
into  them  by  old  oil  burners  with  compressed  air.  Unfortunately, 
his  attempts  met  with  no  success,  perhaps  because  the  fineness  was 
not  sufficient  and  the  powdered  fuel  dropped  down  before  being 
Completel}'  burned.  This  was  during  the  close  of  the  year  1914. 
About  the  same  time  the  Hirotani  Steel  Works,  Osaka,  commenced 
the  manufacture  of  plant  for  burning  pulverised  coal  in  steam 
boilers,  after  studying  the  subject  for  some  years.  As  a  result  of  his 
experience  in   the   construction   of  cement  kilns  and  pulverisers. 


Fig.    1.     Hirotani's  Patent  Coal  Pulveriser. 


Mr.  Okasaka,  the  manager  of  the  steel  works,  obtained,  in  x\pril 
1914,  a  patent  "Coal  Pulverising  and  Burning  Apparatus  for 
Boilers,"  and  carried  out  a  public  test  of  the  apparatus  in  July,  1915. 
The  writer  was  invited  to  superintend  the  trial,  and  published  the 
result. 

The  boiler  employed  was  a  second-hand  Cornish  boiler  of  1  -50  m. 
diameter  and  7-11  m.  long,  fitted  with  Galloway  tubes,  and  working 
at  the  permitted  gauge  pressure  of  5  Kg.  per  sq.  cm.  To  construct 
the  combustion  chambers,  the  fire  grates  were  taken  away  and  the 
furnace-tubes  were  lined  with  fire  bricks  of  38  mm.  thickness  for  a 
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distance  of  1-65  m.  from  the  front  end  inward.  The  pulveriser  was 
of  the  Hirotani  Type  No.  3,  with  an  hourly  capacity  of  454  Kg. 
at  1,600  revolutions  per  min.  The  coal  was  dried  (before  being 
introduced  into  the  pulveriser)  by  passing  through  a  part  of  the 
rear  chimney  flue  of  the  boiler.  The  ash  was  carried  out  of  the 
bottom  flue  by  means  of  a  screw  conveyor.  The  coal  was  from  the 
Kyushu  mine,  having  a  gross  calorific  value  of  6,195  calories  when 
dried  to  a  moisture  content  of  3-5  per  cent.  The  result  of  3  hours' 
test  showed  an  equivalent  evaporation  of  8-14  Kg.  per  Kg.  of 
coal,  and  a  boiler  efficiency  of  70-85  per  cent.  No  black  smoke  was 
observed  during  the  test,  but  some  white  smoke  issued  from  time 
to  time.  The  result  on  the  whole  might  be  considered  as  quite 
satisfactory  for  a  first  trial. 

Had  the  above  trial  attracted  the  attention  of  the  general  fuel 
users,  and  further  investigations  and  the  gradual  adoption  of  burning 
coal  in  pulverised  form  been  carried  out  in  our  country,  much  earlier 
development  would  have  been  attained  in  this  direction.  Unfor- 
tunately, it  was  the  beginning  of  the  great  war,  when  coal  was 
still  cheap;  and,  moreover,  the  prosperous  state  of  general 
industrial  business  led  the  manufacturers  to  seek  for  more  profitable 
enterprises,  so  that  this  new  method  of  combustion  entirely  escaped 
their  notice,  to  our  great  regret. 

Soon  afterwards,  however,  as  a  consequence  of  the  sudden  rise  in 
the  price  of  coal,  public  attention  was  strongly  drawn  to  the  fuel 
problem;  and  this,  together  with  a  warning  as  to  the  scarcity  of 
natural  resources  in  our  country,  led  to  the  serious  study  of  methods 
of  economical  combustion.  Stimulated  by  these  circumstances  on 
one  side,  and  by  the  reports  of  the  success  of  pulverised  coal  burning 
in  America  on  the  other,  intensive  study  of  the  present  method 
was  started  at  several  places  from  1918  onward.  The  first  of  these 
investigations  took  place  at  the  Navy  Fuel  Depot  at  Tokuyama. 
The  Ajikawa  Power  Station,  Osaka,  was  the  second  in  instalHng  the 
Hirotani  system  of  coal  pulverising  for  a  trial  on  one  of  their  boilers 
in  1919.  The  test  plants  in  the  Osaka  Arsenal  and  in  the  Engineering 
College  of  the  Kyushu  Imperial  University  had  been  completed 
about  the  same  time,  early  in  1920.  The  former  was  the  first  to 
import  the  Holbeck  standard  system  into  Japan,  and  applied  it 
chiefly  to  metallurgical  furnaces;  while,  in  the  latter,  the  Hirotani 
system  was  provided  for  steam  boiler  use.  Shortly  afterwards,  an 
independent  steam  power  plant  was  established  in  Heijo,  Chosen 
(Korea),  by  the  Chosen  Electric  Industrial  Co. 

As  the  result  of  successful  experiments  at  these  places  having  been 
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made  public,  pulverised  coal  burning  has  rapidly  increased  through- 
out the  country.  Several  papers  and  discussions  by  influential 
writers,  who  have  highly  recommended  the  superiority  of  pulverised 
coal  burning  simply  from  the  economical  point  of  view,  as  well  as 
the  advertising  efforts  of  the  importers,  have  contributed  much 
to  the  success  of  the  system. 
The  following  tables  are  based  on  information  collected  by  the 
writer,  and  show  the  kinds  and  hourly  capacities  of  various  pulver- 
ised coal  burning  installations  for  steam  boilers,  and  a  few  metal- 
lurgical furnaces,  completed  and  under  construction  in  Japan. 


TABLE  I. 

PULVERISED    COAL    FIRING     INSTALLATIONS     IN     JAPAN     FOR 
FIRST   FOUR   YEARS    ENDING   IN    1923. 


Systems. 
Location. 

Holbeck 

Lopulco 

Fuller 

Aero 

Hirotani 

Total 

Number. 

9 

3 

1 

1 

20 

34 

Japan 
Proper    . . . 

Capacity 
tons/hr. 

Number. 

44-23 

31-75 
1 

,.,3 

1-36 

19-41 

1 

97-88 
2 

Taiwan 
(Formosa) 

Capacity 
tons/hr. 

Number. 

1 

4-54 

0-45 
4 

4-99 
5 

Chosen 
(Korea)  ... 

Capacity 
tons/hr. 

9-07 

3-18 

12-25 

Number. 

2 

1 

3 

Manchuria 

Capacity 
tons/hr. 

22-68 

0-45 

2313 

Number. 

12 

4 

1 

1 

26 

44 

Sum 

Capacity 
tons/hr. 

75-98 

36-29 

1-13 

1-36 

23-49 

138-25 

Table  I.  gives  the  machines  installed  in  the  first  four  years  from 
1920  to  1923  inclusive,  while  Table  II.  gives  those  installed  in  the 
succeeding  four  years,  from  1924  to  1927  inclusive.  Comparing  these 
two  tables,  we  may  observe  that  in  the  recent  additions,  though  the 
number  of  installations  is  less  than  before,  which  is  due  chiefly  to  the 
general  depressed  state  of  business,  the  capacities  of  individual 
plants  are  increased.  This  may  afford  evidence  that  pulverised  fuel 
firing  has  passed  the  primary  experimental  stage  and  entered  into 
the  period  of  practical  use.  Moreover,  the  aggregate  capacity  of  the 
two  tables  amounts  to  221-21  tons  per  hour.  If  all  of  these  installa- 
tions be  put  in  full  operation,  the  total  yearly  consumption  of  coal 
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TABLE  II. 
SUBSEQUENT  ADDITIONS  TO  TABLE  I.     (AS  AT  AUGUST,   1927.) 


Systems 
Location. 

Lopulco 

Raymond 
Impact 

Babcock- 
Fuller 

Simplex 

Attritor 

Aero 

Hirotani 

Other 
Japanese 
manu- 
facture 

Total 

Japan 
Proper  .  . 

Number. 
Capacity 
tons/hr. 

1 
32-66 

1 
0-32 

2 
33-20 

2 
2-36 

1 
0-91 

2 
2-72 

1 
4-54 

8 

76-71 

Taiwan   . . 

Number. 
Capacity 
tons/hr. 

1 
1-36 

1 
1-36 

Chosen    .  . 

Number. 
Capacity 
tons/hr. 

1 
5-44 

1 
5-44 

Manchuria 

Number. 
Capacity 
tons/hr. 

1 
0-45 

1 
0-45 

Sum 

Number. 
Capacity 
tons/hr. 

I 
32-66 

I 
0-32 

2 
33-20 

1 
5-44 

3 

3-72 

1 
0-91 

3 
3-17 

1 
4-54 

13 

83-96 

in  pulverised  form  may  reach  1,900,000  tons  (1,000  Kg.),  and 
even  if  one-third  of  those  in  Table  I.  and  one-half  of  those  in  Table  II. 
be  employed  in  regular  service,  1,850,000  tons  of  coal  would  be 
burned  yearly  in  this  way  in  Japan,  including  the  consumption  of 
1,100,000  tons  per  year  for  the  cement  industry. 

EARLIER  EXPERIMENTAL  PLANTS 

.4.  The  Navy  Fuel  Depot  at  Tokuyama. — The  machines 
provided  here  are  : — 

1 — Hirotani  pulveriser,  hourly  capacity  454  Kg. 

1— Hirotani  pulveriser  ,,         ,,  1,360  Kg. 

1 — American  Aero  pulveriser  ,,         ,,  1 ,360  Kg. 

Based  on  previous  experiences  with  a  water  tube  boiler,  trials 
on  a  Lancashire  boiler  were  undertaken.  For  this  purpose,  a  separate 
combustion  ■  chamber  was  built  in  front  of  the  boiler,  instead  of 
putting  any  firebrick  lining  inside  the  furnace-tubes.  After  several 
tests,  it  was  found  that 

(1)  The  burner  nozzles  function  more  satisfactorily  if  they  are 
circular  in  shape,  and  not  oval,  as  originally  constructed.  They 
are  inserted  at  the  crown  of  the  combustion  chamber  in  front  of 
the  Lancashire  boiler,  being  directed  towards  the  furnace  bottom. 

(2)  The  rate  of  combustion  (about  45  to  70  Kg.  per  cu.  m.  of  furnace 
volume)  was  suitable  for  Shinbaru  coal,  having 

volatile  matter  40-28  per  cent.,  fixed  carbon  47-40  per  cent, 
ash  1 1  -24  per  cent.,  calorific  value  6,758  cals,  per  Kg. 

389 


PULVERISED  FUEL 

(3)  Heijo  anthracite,  of  low  volatile  matter  content,  could  also  be 
burned  by  raising  the  temperature  in  the  furnace  to  1,100°C., 
using  either  wood  or  Shinbaru  coal,  previous  to  the  introduction  of 
the  anthracite,  the  composition  and  the  calorific  value  of  the 
anthracite  being  as  follows  : — 

volatile  matter  1 1  -07  per  cent.,  fixed  carbon  75-56  per  cent, 
ash  1 1  -72  per  cent.,  calorific  value  7,120  cals,  per  Kg. 

The  result  of  tests  showed  : — 

Evaporation  Boiler 

per  Kg.  of  fuel.  efficiency, 

with  Shinbaru  coal      ...      10-82  Kg.  84-00  per  cent, 

with  Heijo  anthracite...      1 1  -40  Kg,  84-03  per  cent. 

(4)  Very  inferior  fuels  like  (a)  coal  breezes  which  have  lost  their 
calorific  value  considerably  during  storage,  alone;  or  {h)  low  grade 
sUme  deposits  of  the  coal  washing  mixed  into  the  former,  are  now 
mostly  employed,  with  good  result,  giving  a  boiler  efficiency  of 
56  to  70  per  cent,  with  the  Lancashire  boiler,  when  burned  at  the 
rate  of  31"8  Kg.  per  cu.  m.  of  the  combustion  chamber  per  hour. 
The  qualities  of  these  fuels  are  as  follows: — 


Fixed 

Volatile 

Calorific 

Carbon 

Matter 

Moisture 

Ash 

Value 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

{a)  Coal  breezes        41-7 

32-8 

2-8 

22-7 

6-200 

(&)  SHme  deposits     47-8 

7-8 

1-6 

38- 1 

4-300 

B.  The  College  of  Engineering,  Kyushu  Imperial  Uni- 
versity.^— The  writer  commenced  experiments  in  the  burning 
of  pulverised  coal  in  1920,  with  a  Hirotani  pulveriser  of  454  Kg. 
hourly  capacity,  applied  to  a  Babcock  and  Wilcox  boiler  of  8-08 
sq.  m.  heating  surface,  installed  in  the  Laboratory  of  the  College. 
After  several  failures,  he  came  to  the  conclusion  that  for  successful 
burning, 

(1)  The  moisture  content  of  the  coal  before  pulverising  could  be 
about  3  to  4  per  cent.,  notwithstanding  that  it  was  usually  con- 
sidered that  this  should  be  reduced  to  1  per  cent,  at  that  time. 

(2)  The  fineness  of  the  powder  is  sufficient  if  more  than  80  per  cent, 
passes  through  100  mesh  screen  and  60  per  cent,  through  200  mesh, 
as  compared  with  95  per  cent,  and  85  per  cent,  respectively  required 
in  previous  specifications. 

(3)  The  most,  important  point  lies  in  the  control  of  the  temperature 
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in  the  furnace,  preventing  the  fusion  of  ash,  which  is  the  real  cause 
militating  against  continuous  working;   and  for  this  purpose; 

(4)  The  furnace  volume  must  be  made  amply  large;  this  means 
the  necessity  of  increasing  it  in  height  in  preference  to  other 
dimensions,  so  as  to  avoid  the  direct  contact  of  the  flame  with  the 
ash  heaped  at  the  bottom  of  the  furnace; 

(5)  Another  efficient  method  of  temperature  control  is  to  utilise 
as  much  as  possible  the  transfer  of  heat  by  radiation. 

With  this  experimental  knowledge,  he  built  a  furnace  of  a  certain 
shape  of  his  own  devising,  which  is  still  continuously  in  use  after 
more  than  5  years,  without  reconstruction.  The  basis  the  writer 
once  proposed  for  the  design  of  combustion  chambers  is  "one  cubic 
foot  of  combustion  chamber  volume,  for  one  square  foot  of  heating 
surface,  for  one  pound  of  coal  burned,  for  one  kilowatt  of  power 
generated." 

C.  The  Chosen  Electric  Industrial  Company  Limited, 
Heijo,  Chosen.— This  is  the  first  power  station  built  entirely  for 
pulverised  coal  firing.  Stimulated  by  the  success  of  the  Navy  Fuel 
Depot  at  Tokuyama  with  Heijo  anthracite,  which  was  hitherto 
considered  very  difficult  to  burn  by  any  other  method  of  combustion, 
the  company  determined  to  utilise  the  fuel  in  this  way.  The  system 
adopted  was  the  Holbeck  Standard  Circulating  Type  with  two  sets 
of  Bonnot  mills  of  4-54  tons  hourly  capacity  each,  and  other  necessary 
equipment  complete.  This  was  to  operate  four  Babcock  &  Wilcox 
boilers  of  861  -5  sq.  m.  heating  surface  each,  for  supplying  steam  for 
one  3,500  kW.  and  one  2,000  kW.  Westinghouse  steam  turbines. 
The  plant  was  put  in  operation  in  January,  1922.  Being  a  pilot 
unit,  and  especially  with  a  peculiar  kind  of  fuel  of  low  volatile 
matter  content,  they  met  with  several  difficulties  at  first,  but 
their  perseverance  has  enabled  them  to  get  through  all  difficulties 
at  last,  and  the  performance  is  now  satisfactory. 

The  chief  source  of  trouble  was  the  volume  of  the  combustion 
chambers,  which  were  not  big  enough  at  first;  but  by  enlarging 
them,  good  results  have  been  obtained  with  continued  operation. 
The  furnace  volume  now  in  use  is  in  the  proportion  of  0-0703  cu.  m. 
for  every  boiler  horse-power. 

RECENT  TYPICAL   INSTALLATIONS 

Having  reviewed  earlier  experimental  installations,  we  shall 
describe  more  recent  installations  burning  pulverised  fuels;  but  as 
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there  are  a  great  many  now  in  operation  or  under  construction  in 
Japan,  a  few  typical  ones  only  with  certain  special  features  will  be 
dealt  with  here  as  illustrations. 

A.  The  Amagasaki  Power  Station  of  the   Nippon  Electric 

Power  Company,  Limited,  near  Osaka 
This  is  the  largest  power  station  in  our  country  which  is   using 
pulverised  coal  burning  on  a  large  scale. 


Fig.  2.     Boiler  Firing  Aisle,  Amagasaki  Power  Station. 

The  first  section  of  the  Amagasaki  Power  Station  of  the  capacity 
50,000  kW.  had  been  completed  at  the  beginning  of  1925.  The 
extension  for  90,000  kW.  was  carried  out  from  the  end  of  the  same 
year,  and  was  put  in  operation  in  October,  1927.  Two  sets  of 
25,000  kW.  single-cylinder  Metropolitan-Vickers  steam  turbines 
are  installed  in  the  first  section,  while  two  sets  of  25,000  kW. 
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single-cylinder  Escher  Wyss-Zoelly  and  one  set  of  40,000  kW. 
two-cylinder  Metropolitan-Vickers  turbines  are  provided  in  the 
second,  so  that  the  aggregate  capacity  of  the  entire  plant  now 
reaches  140,000  kW.,  in  addition  to  one  1,750  kVA.  Metropohtan 
Vickers  turbine  in  the  former  and  one  5,000  kW.  Mitsubishi- 
Ljungström  in  the  latter  for  the  house  turbines.  To  supply  the 
steam  for  these  turbines  there  are  eight  1,005-3  sq.  m.  Babcock 
and  Wilcox  cross-drum  boilers  in  the  first,  and  four  1,251sq.m. 
and  four  1,337-8  sq.  m.  boilers  of  the  same  type  in  the  second 
section,  all  working  at  a  pressure  17-6  Kg.  per  sq.  cm.  and  a  total 
temperature  of  330°C.  Half  of  these  boilers  in  the  first  section  are 
fitted  with  Riley-retorts  and  half  in  the  second  with  Babcock  chain 
grate  stokers,  while  the  remaining  boilers  are  all  fired  with  pulverised 
coal  by  the  Lopulco  system.  The  pulverised  coal-burning  plants 
consist  of 


Dryers  :  capacity  7  tons  per  hour,  each, 

moisture  from  12  per  cent,  to  5  per  cent. 
Pulverisers  :    6  roll  5-44  ton  Raymond  mill, 

fineness    75  per  cent,  through  200  mesh, 
and    90  per  cent,  through  100  mesh, 
Blowers  : 


Burners  :     907  Kg.  of  coal,  each,  per  boiler 
Furnace  volume  :     above  water  screen 


1st 
Section. 

4  sets 


2nd 

Section. 


6  sets 


4  sets 

6  sets 

3-232 

3-340 

cubic 

cubic 

metres 

metres 

per  hour. 

per  hour. 

8 

12 

340 

447 

cubic 

cubic 

metres. 

metres. 

0-0375 

0-0413 

cubic 

cubic 

metres. 

metres. 

per  Kg.  of  coal  burned 


The  result  of  a  test  made  in  the  first  section  showed  the  thermal 
efficiency  of  the  boiler,  superheater  and  économiser  combined  to  be 
86-69  per  cent.,  for  an  evaporation  of  282  per  cent,  rating,  and  the 
rate  of  combustion  105,200  calories  per  hour  per  cu.  metre  of 
furnace  volume. 

Based  on  the  experience  of  two  years  at  the  station,  it  has  been 
found  that  the  operation  of  pulverised  coal-fired  units  is  quite 
easy,  with  almost  no  trouble  due  to  the  fusion  of  ash,  nor  any  damage 
to  the  furnace  wall.  As  compared  with  stoker  firing,  the  boiler 
efficiency  is  usually  about  10  per  cent,  greater,  the  CO,  content 
being  13-15  per  cent.,  the  flue  gas  temperature  at  the  économiser 
exit  being  200-175°C.  and  the  combustibles  in  the  ash  nil  with 
pulverised  coal  firing,  while  they  are  12-8  per  cent.,  250-220°C. 
and  20  per  cent,  respectively  for  the  stokers.    The  banking  loss 
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per  day  is  about  1,200  Kg.  for  pulverised  coal,  while  it  is  2,700  Kg. 
for  the  stokers.  Moreover,  the  fact  that  the  furnace  has  been  kept 
in  perfect  condition  after  two  years  use  and  may  stand  about  two 
more  years  employment,  and  that  the  mills  are  still  in  a  serviceable 
state  after  running  1,961  hours  in  the  two  years,  grinding  10,950 
tons  of  coal,  proves  the  expenditure  for  repairs  not  to  be  so  great 
as  was  anticipated.  These  facts  place  pulverised  coal-fired  units 
in  a  very  favourable  light  as  compared  with  installations  using 
mechanical  stokers.  It  is  true  that  the  first  cost  of  pulverised  coal 
installations  is  more  than  that  of  stoker-fired  installations.  At  the 
time    of  the  extension    of  the    station,  it  was    observed    that    the 
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Fig.  3. 


Inside  of  a  Boiler  Furnace  after  two  months'  use, 
Amagasaki  Power  Station. 


pulverised  coal  fired  plant  cost  25-4  per  cent,  more  for  the  boiler 
equipment,  11-2  per  cent,  more  for  the  building  and  17-7  per  cent, 
more  for  erection,  or  21-3  per  cent,  more  for  the  total  expenditure 
than  the  stoker  side,  but  at  the  same  time  as  the  evaporation 
capacity  generally  is  about  20  per  cent,  greater  as  compared  with 
stoker  firing,  the  price  becomes  almost  equal  when  reduced  to  the 
basis  of  Kgs.  of  steam  generated. 

The  Company  is  now  contemplating  the  installation  of  pulverised 
coal  equipment  only  in  the  new  Power  Station  at  Tsurumi,  near 
Tokyo. 
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B.  The    Unoshima   Steam    Power  Station   of   the    Kyushu 

Hydro-Electric  Power  Company,  Limited 

Although  the  Unoshima  Power  Station  of  the  Kyushu  Hydro- 
Electric  Company  is  not  a  big  one,  it  is  cited  here  because  it  is 
the  first  plant  in  Japan  furnished  with  the  latest  equipment  and 
employing  only  pulverised  coal  burning,  without  any  other  stoking 
methods.  When  the  company  intended  to  build  an  additional 
steam  plant  at  Unoshima,  Kyushu,  to  supplement  a  deficiency  of 
hydro-electric  power  supply  due  to  low  water,  etc.,  it  was  decided 
to  use  pulverised  coal  burning  only,  without  adding  any  mechanical 
stokers.  The  Holbeck  direct  system  complete  with  pulverising  and 
distributing  arrangements,  including  four  sets  of  Bonnot  mills  of  4-54 
tons  hourly  capacity  each,  was  selected  to  operate  six  Babcock  and 
Wilcox  boilers  of  574  sq.  metres  heating  surface  each,  for  supplying 
steam  to  two  5,000  kW.  Escher  Wyss-Zoelly  high-pressure  turbines 
at  a  pressure  of  17-6  Kg.  per  sq.  cm.,  and  a  total  temperature  of 
328°C.  The  combustion  chambers  of  the  boilers  were  designed  by 
the  writer  in  a  form  suggested  by  his  experience  at  the  laboratory 
plant  in  the  Engineering  College  of  the  Kyushu  Imperial  University, 
and  have  a  volume  102  cu.  metres,  corresponding  to  0-050  cu. 
metre  per  Kg.  of  coal  burned,  or  106,000  cals,  per  hour  per  cu. 
metre. 

This  plant  was  put  in  operation  from  January,  1926,  and  frequently 
experienced  severe  service.  The  worst  was  the  occasion  of  a  period 
of  exceptional  low  water  in  June  of  the  same  year.  During  that  time 
the  plant  had  to  work  continuously  day  and  night  for  an  unusually 
long  period  of  over  three  weeks  without  a  single  stop,  delivering 
power  corresponding  to  one-half  to  three-quarters  of  the  total 
output  at  the  beginning  of  the  period,  which  was  increased  to  even 
a  slight  overload  of  10,800  kW.  for  the  last  10  days.  This  presented 
a  splendid  proof  of  the  reHability  of  pulverised  coal  burning  plant. 

C.  The  Anzan  Steel  Works  of  the  South  Manchurian  Rail- 

way Company,  Limited 

The  South  Manchurian  Railway  Company  has  installed  at  the 
Anzan  Steel  Works  a  complete  set  of  pulverised  coal  plant,  unit 
sj'stem,  consisting  of  a  pair  of  4-54-ton  Holbeck  new  ball-type 
pulverisers  with  all  necessary  equipment,  to  operate  in  connection 
with  four  800  H.P.  (808  sq.  metres  heating  surface)  Babcock  and 
Wilcox  boilers  for  generating  steam  for  the  power  station  and  other 
uses.    The  plant  has  been  operated  continuously   since  December, 
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1925,  and    has    been    working    usually    at   150    to  200  per  cent, 
rating. 

The  operation  of  the  plant  is  almost  always  satisfactory,  the 
boiler  efficiency  keeping  at  80  per  cent,  in  normal  working,  and, 
for  a  consumption  of  coal  of  1 40- 1 50  tons  per  day;  the  power  required 
for  pulverising  and  distributing  being  35  kW.  per  ton  of  coal.  The 
coal  required  for  drying  constitutes  not  more  than  1  per  cent,  of  the 
total.  The  temperature  in  the  combustion  chamber  varies  according 
to  the  fluctuation  of  load,  but  it  is  always  between  1,300-1,400°C. 
which  makes  the  ash  in  such  a  condition  that  it  can  be  removed 
easily  by  dropping  it  through  the  ash  door  at  the  bottom  of  the 
furnace.  The  inside  furnace  wall  has  remained  undamaged  for  a 
continuous  working  period  of  a  year  and  a  half. 

A  special  feature  of  the  plant  is  the  different  kinds  of  fuel  used. 
The  principal  substance  is  the  waste  gas  from  the  blast  furnaces, 
and  the  coal  is  fed  to  supplement  this  supply  when  necessary,  so 
that  these  two  fuels  are  very  often  burned  together.  The  quantity 
of  blast  furnace  gas  fluctuates  exceedingly  according  to  the  condition 
of  the  furnace,  sometimes  the  supply  stopping  very  suddenly. 
Even  in  such  cases,  a  single  touch  on  the  control  handle  of  the  feeder 
of  the  pulverised  coal  system  produces  a  response  equivalent  to  the, 
emergency  demand,  and  a  very  smooth  operation  can  be  performed 
without  consuming  any  undue  amount  of  coal. 
Coke-oven  gas  may  also  be  supplied  to  the  same  boiler,  so  that 
five  different  sorts  of  fuels,  including  three  kinds  of  sohd  fuels, 
viz.,  Endai  anthracite,  Fushun  fines,  and  coke  breeze,  which  differ 
greatly  in  nature  among  themselves,  together  with  two  kinds  of 
gases,  namely  blast  furnace  gas  and  coke-oven  gas,  are  burned  in  the 
same  furnace  simultaneously  or  consecutively  according  to  the 
circumstances.  Such  an  arrangement  can  hardly  be  expected  with 
any  other  method  of  combustion  than  that  of  burning  the  fuels  in 
pulverised  form.  This  shows  clearly  the  great  advantage  of  burning 
pulverised  coal  in  the  power  station  belonging  to  a  steel  works. 

The  analysis  of  the  Endai  anthracite  and  Fushun  fine  coal  is  as 
follows  :^ — 


Volatile 

Fixed 

Moisture 

matter 

carbon 

Ash 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

■i  Anthracite 

1-3 

5-10 

70-80 

10-15 

un  Fine  ... 

3-6 

35-42 

48-55 

5-10 

D.   The  Akaike  Power  Station  of  the  Meiji  Mining  Company 
Limited 
Another  interesting  example  of  the  use  of  pulverised   coal   firing 
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is  found  at  the  Akaike  Power  Station  of  the  Meiji  Mining-Company, 
Kyushu.  With  the  object  of  consuming  the  slurry  produced  in  the 
coal  washery,  the  company  has  added  a  Takuma  water-tube 
boiler  of  355  sq.  metres  heating  surface  to  the  boiler  house  of  the 
station  at  the  coal  mine,  and  arranged  its  furnace  for  firing  coal  in 
pulverised  form.  The  pulveriser  is  of  a  Japanese  make,  designed 
by  the  company  somewhat  after  the  style  of  the  Fuller-Lehigh  mill, 
and  has  a  capacity  of  2  tons  per  hour  for  the  kind  of  the  fuel  in  use. 
The  installation  has  been  in  operation  since  April,  1925,  and  is 
working  well  even  with  a  fuel  of  such  low  grade  that  the  calorific 
value  is  only  4,500  cals,  per  Kg.,  containing  18  per  cent,  of  moisture 
and  25  per  cent,  of  ash.  As  compared  with  the  stoker-fired  boilers 
of  the  same  type  in  the  plant,  the  pulverised  coal  system  has  been 
found  more  convenient  in  that  it  responds  promptly  to  the  variation 
in  load,  carrying  overloads;  and  the  treatment,  on  the  whole,  has 
been  simpler  and  easier,  while  the  thermal  efficiency  is  always  about 
5-10  per  cent,  higher.  The  only  point  which  needs  particular  care 
is  to  provide  a  dryer  of  ample  size,  for  it  is  difficult  to  get  rid  of  the 
large  proportion  of  moisture  in  the  slime,  which  usually  amounts  to 
18  per  cent.,  as  shown  above. 

Satisfied  with  these  results,  the  Company  is  now  carrying  out  an 
extension  by  installing 

Two  475  sq.  metre  Sulzer  double-bank  boilers. 

Two  rotary  dryers,  1  -52  m.  in  diameter  and  15-2  m.  long, 

Two  1  -067  m.  Fuller  type  pulverisers, 

Two  8  ton  Kinyon  pumps, 

One  5,000  kW.  Brown-Boveri  steam  turbine. 
The  production  of  the  slurry  in  the  mine  amounts  to  about  95 
tons  per  day,  but  as  8  tons  will  be  used  hourly,  when  the  entire 
boiler  system,  including  the  extension,  is  made  to  burn  coal  in  the 
pulverised  form,  it  is  expected  that  the  whole  of  the  slurry  produced 
will  be  consumed  by  this  Station. 

From  this  example  we  may  learn  that,  for  the  mines  at  which  slurry 
is  produced  in  abundance  in  coal-washing  operations,  and  where 
there  is  very  little  market  for  such  low-grade  fuel  or  the  ground 
about  is  limited  for  storage,  pulverised  firing  affords  a  very  advan- 
tageous means  of  utilisation. 

E.  The  Tokyo  Steam  Power  Station  of  the  Imperial  Govern- 
ment Railway. 
The  latest  large  plant  where  pulverised  coal  burning  is  employed 
is  the  new  Tokyo  Steam  Power  Station  of  the  Imperial  Government 

397 


PULVERISED  FUEL 

Railway,  which  is  now  in  course  of  construction  at  Kawasaki,  near 
Tokyo.  The  Station  is  planned  with  the  object  of  supplying  electricity 
for  railway  electrification  around  the  metropolis.  Three  sets  of  steam 
turbines  are  to  be  installed,  two  of  which  have  already  been  ordered, 
one  from  the  Mitsubishi-Nagasaki  Dockyard  and  the  other  from 
the  British  Thomson-Houston  Co.,  England.  These  turbines  are 
alike,  and  are  of  a  two-cylinder  simple  impulse  bleeder  type  (Mitsu- 
bishi-ZoeUy  and  B.T.H. -Curtis,  respectively),  working  at  a  steam 
pressure  25  Kg.  per  sq.  cm.,  a  total  steam  temperature  of  375X., 
and  a  vacuum  of  722  mm.  of  mercury.  The  steam  is  bled  at  three 
stages  and  used  for  feed-water  heating  and  evaporators.  The  normal 
output  is  20,000  kW.  at  a  power  factor  of  0-9,  but  each  should 
carry  a  momentary  overload  of  40,000  kW.  The  third  turbine  has 
not  yet  been  selected,  but  it  will  be  similar  in  every  respect  to  the 
above  two,  so  that  when  completed,  the  ultimate  capacity  of  the 
Station  will  be  60,000  kW.  under  the  normal  conditions. 
The  steam  generating  plant  for  the  above  three  turbines  consists  of 
Four   1,300   sq.   metre  Mitsubishi-Dürr  three-drum  vertical 

boilers. 
Four    1,245  sq.   metres   Babcock   &   Wilcox-Stirling   three- 
drum  vertical  boilers, 
all  delivering  steam  at  a  pressure  27  Kg.  per  sq.  cm.,  and  a  total 
temperature  of  385°C. 

The  Mitsubishi  boilers  will  be  fired  by  chain-grate  stokers,  while  the 
Babcock  boilers  are  to  be  fired  with  pulverised  coal  by  the  Babcock- 
Fuller  system  complete,  including 

Two   10-16-ton  semi-indirect  heating  rotary  dryers,  drying 

coal  from  10  per  cent,  moisture  to  1  per  cent. 
Three  10-6-ton  FuUer  screen  mills  of  the  latest  design,  capable 
of  producing  a  fineness  of  75  per    cent,    through    200 
mesh  at  2  per  cent,  moisture, 
Two  20-175-ton  Kinyon  pumps. 
The  boiler  furnace  is  surrounded  by  an  air-cooled  hollow  wall 
at  the  front,  water  screens  of  the  Bailey  type  at  both  sides  and  rear 
walls,  and  another  water  screen  at  the  bottom,  enclosing  a  volume 
of  322  cu.  metres,  which  corresponds  to  0-079  cu.  metre  per  Kg.  of 
coal  burned,  or  93,400  cals,  per  hour  per  cu.  metre  of  the  furnace 
volume. 

The  machines  were  contracted  for  in  June  1927,  and  the  Station  is 
expected  to  commence  operation  in  the  autumn  of  1929.  The  success 
of  pulverised  coal  firing  in  this  Station  is  being  awaited  with  keen 
interest,  not  only  because  of  the  size  or  importance  of  the  Station 
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(as  it  relates  to  public  trafific),  but  also  because  of  its  being  the  first 
installation  in  Japan  in  which  the  Babcock-Fuller  system  of 
pulverising  and  furnace  construction  has  been  applied  on  a 
large  scale. 

SCIENTIFIC   INSTITUTES 

In  addition  to  the  Research  Department  of  the  Navy  Fuel  Yard  at 
Tokuyama  and  the  Engineering  College  of  the  Kyushu  Imperial 
University  already  referred  to,  there  are  two  more  State  organisa- 
tions for  fuel  research  where  pulverised  coal  burning  is  being 
investigated.  One  is  the  Imperial  Fuel  Research  Institute  and 
the  other  the  Chosen  Fuel  and  Ore-Dressing  Research  Institute, 
both  of  which  we  shall  describe  here. 

A.  The  Imperial  Fuel  Research  Institute. 
The  Imperial  Fuel  Research  Institute  was  organised  in  1920,  and 
the  researches  were  commenced  in  1922,  when  the  present  laboratory 
was  built  at  Kawaguchi,  near  Tokyo.    The  work  of  the  Institute  is 
divided  into  several  departments,  i.e.,  basic  researches  on  the  nature 
of  coal,    pulverised   fuel   burning  under   boilers,   low-temperature 
carbonisation  of  coal,  etc.    The  special  feature  of  this  Institute  is 
that  the  scale  of  tests,  the  apparatus  installed  and  the  arrangements 
of  each  department,   are  on   an  industrial  scale,  and  the  results 
obtained  can  generally  be  applied  directly  to  practice.     In  other 
words,    the    tests   are    particularly    designed    to    supply   practical 
information  and  suggestions  to  the  public. 
In  the  pulverised  fuel  department,  there  are  installed 
Boilers:  Two  81-7  sq.  metres  Lancashire, 

One  91-3  sq.  metres  Babcock  &  Wilcox. 
Pulverising  Plant  :   The  Holbeck  marine  type,  modified  into 
a  storage  system  by  the  department,  including 
One   1  •  1 34-ton  direct-heating  rotary  drier,  and 
One  IT  34-ton  Bonnot  mill. 
With  the  object  of  investigating  the  difficulties  to  be  met,  and 
if  they  be  not  very  serious,  to  determine  the  possibility  for  industrial 
use,  when  pulverised  coal  burning  is  applied  to  a  Lancashire  boiler, 
the  first  set  of  trials  was  commenced  in  1922.    During  1922-24,  the 
Holbeck  direct  S3^stem  was  used,  but  as  it  was  found  inconvenient 
for  experimental  purposes,  the  arrangement  was  transformed  inta 
a  storage  system  in  1925,  and  the  second  set  was  continued  to  1927. 
A  voluminous  report  has  quite  recently  been  published  from  the 
Institute.  The  following  are  some  of  the  statements  from  that  report. 
A  furnace  of  volume  0-71  cu.  metres  was  attached  in  front  of  one 
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of  the  Lancashire  boilers  and  the  pulverised  coal  was  fed  with  a 
burner  of  circular  section  for  the  first  trial,  but  at  the  second  trial 
the  furnace  volume  was  increased  to  11-3  cu.  metres  and  the 
burner  was  made  of  fish-tail  shape.  Throughout  the  trials  the  coal 
from  the  Hôjô  mine,  Kyushu,  was  used;  though  its  quality  varied 
naturally  according  to  the  time  delivered,  the  average  may  be 
taken  as  follows: — 

Moisture  3-3  per  cent.,  volatile  matter  33-3  per  cent. 
Ash  18-3  per  cent.,  fixed  carbon  45-1  per  cent. 
Calorific  value  6,185  cals,  per  Kg. 

Six  series  of  tests  have  been  carried  out,  two  with  the  smaller 
furnace  and  four  with  the  larger.  The  maximimi  boiler  efficiency 
in  the  first  trial  was  74-2  per  cent.,  the  COg  content  of  the  flue  gas 
being  14-0  per  cent.,  with  an  evaporation  of  126  per  cent,  rating  and 
an  admission  of  27  per  cent,  of  excess  air.  The  efficiency  was 
71-6  per  cent,  and  COg  content  14-1  per  cent.,  with  an  evaporation 
of  178  per  cent,  rating  and  28  per  cent,  of  excess  air  for  the  second 
trial.  The  boiler  efficiency  was  found  to  be  at  a  maximimi  when 
the  amount  of  excess  air  was  at  a  minimum,  irrespective  of  the 
evaporation  ratings;  but  at  the  same  time  the  temperature  in  the 
furnace  was  raised  above  1,350°C.,  causing  melting  of  the  ash. 

According  to  the  results  with  a  furnace  volume  of  0-71  cu. 
metres,  it  was  learned  that  pulverised  coal-firing  may  be  effected 
even  with  such  a  small  volume,  but  the  flame  entered  the  furnace- 
tubes  in  a  state  of  incomplete  combustion,  so  that  about  50  per  cent, 
of  combustible  matter  remained  in  the  dust  in  the  flues  and  the 
colour  of  the  smoke  was  black.  Moreover,  a  considerable  portion 
of  the  ash,  together  with  unburned  coal,  which  passed  into  the 
furnace-tubes,  had  a  strong  tendency  to  block  the  entrances,  and 
continuous  operation  was  hindered. 

With  the  enlarged  furnace,  of  volume  1 1  -3  cu.  metres,  however, 
combustion  was  almost  perfect,  giving  out  94  per  cent,  of  the 
heat  contained  in  the  powdered  coal  supplied,  and  no  black  smoke 
was  seen.  On  the  other  hand,  the  heat  lost  by  external  radiation 
and  conduction  from  the  outside  surface  of  the  furnace  was  only 
2  per  cent.,  so  that  the  size  of  the  furnace  seemed  to  be  just  suitable 
for  the  boiler,  corresponding  to  a  capacity  of  0-037  cu.  metre 
per  Kg.  of  coal  burned,  or  160,000  cals,  per  hour  per  cu.  metre 
of  the  furnace  volume. 

The  report  concludes  that  the  employment  of  pulverised  coal 
bxuning  with   the   Lancashire  boiler  for  continuous  operation   is 
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unsuitable   both   technically  and  economically,   for  the   following 
reasons  : — 

(1)  The  trouble  of  melting  ash  began  when  the  excess  air  is  less 
than  50  per  cent,  and  COg  content  over  12  per  cent.  Under  these 
conditions,  however,  the  optimum  boiler  efficiency  was  obtained. 
But,  on  the  other  hand,  the  furnace  volume  being  suitable  with 
1 1  -3  cu.  metres,  as  explained  above,  the  only  way  of  preventing 
ash  from  melting  is  to  place  in  the  furnace  some  arrangement  for 
absorbing  heat,  like  a  bottom  water  screen  or  water-cooled  tube 
walls,  etc.  Such  attachments  will,  however,  be  too  costly  for  Lanca- 
shire boilers,  the  merit  of  which  lies  in  their  simplicity  and  low  price. 

(2)  Even  though  the  trouble  due  to  ash  melting  be  eliminated  by 
the  introduction  of  some  kind  of  cooling  device,  there  remains  the 
difficulty  of  removing  ash  deposits  in  the  furnace-tubes,  which  are 
vital  parts  for  heat  transmission  in  Lancashire  boilers.  An  experi- 
mental result  showed  that  80  per  cent,  of  the  total  heat  absorbed 
by  the  boiler  was  effected  by  the  furnace-tubes,  when  the  ash 
deposits  in  them  were  not  excessive.  The  only  way  to  take  the  ash 
out  of  the  tubes  is  to  blow  it  towards  the  rear  end  by  steam  or 
compressed  air  during  the  operation,  as  the  combustion  chamber  is 
built  at  the  front  end,  and  this  renders  it  impossible  to  remove  the 
ash  in  that  direction.  The  ash  blown  down  at  the  entrance  of  the 
bottom  flue  must  thus  be  carried  away  by  some  other  means,  which 
presents  still  another  problem. 

(3)  Where  very  high  temperatures  are  produced  in  the  furnaces 
as  in  pulverised  coal-fired  plants,  the  best  way  of  effecting  heat 
absorbtion  is  to  utilise  heat  transfer  by  radiation,  exposing  the 
heating  surface  as  much  as  possible  directly  towards  the  point  of 
high  temperature.  But  the  construction  of  the  Lancashire  boiler 
is  very  unsuitable  for  this  purpose. 

But,  if  operation  be  only  intermittent,  say  12-15  hours  a  day, 
neglecting  the  time  for  cleaning  and  removing  ash,  pulverised  coal 
firing  may  be  used  for  Lancashire  boilers  with  advantage  over  the 
other  methods  of  stoking,  since  a  higher  boiler  efficiency  is  obtained 
and  low-grade  fuels  can  be  utilised. 
B.  The  Chosen  Fuel  and  Ore-Dressing  Research  Institute. 

The  Institute  was  opened  officially  in  May,  1924,  near  Keijo, 
Chosen,  and  is  specially  devoted  to  research  for  the  utiHsation  of 
the  anthracite  and  lignite  produced  in  the  Peninsula.  Pulverised 
firing  and  low-temperature  carbonisation  are  studied  for  this 
purpose.  All  tests  are  carried  out  on  a  scale  of  small  practical  units. 

The  equipment  in  the  pulveriser  department  consists  of 
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Two  61-3  sq.  metres  Takuma  water-tube  boilers, 
One  0-91  ton  directly-heated  rotary  drier, 
Two  0-45  ton  Hirotani  pulverisers. 
The  boilers  and  pulverisers  are  installed  in  pairs,  so  that  when  the 
furnace  of  one  of  the  boilers  is  remodelled,  or  alteration  to  some 
other  part  is  made,  the  performance  under  the  new  conditions  can  be 
compared  by  simultaneous  tests  with  that  of  the  other  boiler  of  the 
previous  design. 
Several  tests  have  been  carried  out  from  August,  1924,  to  March, 
1925,  with  Jido  anthracite,  Heijo,  Chosen,  having  the  following 
quality  after  being  dried: — 

Moisture  0-56  per  cent.,  volatile  matter  8-18  per  cent., 
ash  12-27  per  cent.,  fixed  carbon  78-99  per  cent., 
sulphur  1  -08  per  cent.,  calorific  value  7,271  cals,  per  Kg. 
The  result  of  a  continuous  test  for  86  hours  at  an  evaporation  of 
180  per  cent,  of  the  rating  gave  the  boiler  efficiency  as  82-2  per  cent, 
and  a  COg  content  of  the  flue-gas  as  14-5  per  cent.  This  proved 
that  the  Heijo  anthracite,  which  had  hitherto  generally  been  con- 
sidered very  difficult  to  burn  by  any  other  method  of  firing,  can 
successfully  be  burned  in  the  pulverised  form.  The  only  trouble 
which  threatened  continuous  operation  was  the  fusion  of  ash.  The 
temperature  in  the  furnace  reached  1,425°C.  at  the  centre,  and 
molten  ash  began  to  flow  down  the  furnace  walls,  after  the  elapse  of 
some  12  to  24  hours  from  the  start,  and  it  congealed  on  the  bottom 
of  the  furnace,  closing  the  ash-pit  ports.  This  may  be  due  to  in- 
sufficiency of  the  furnace  volume.  For  the  above  test,  it  was  taken 
at  about  8-0  cu.  metres,  corresponding  to  a  capacity  of  0-0468 
cu.  metre  per  Kg.  of  coal  burnt,  or  150,000  cals,  per  hour  per 
cu.  metre.  It  is  expected  that  this  difficulty  will  be  overcome 
by  remodeUing  the  furnace  so  as  to  effect  better  cooling  of  the  side 
walls,  besides  enlarging  its  volume. 
Other  points  which  have  been  found  by  testing,  are: — 

(1)  The  suitable  hot  gas  temperature  for  the  rotary  drier,  revolving 
at  the  rate  of  8  revolutions  per  minute,  was  300°C.  at  the  combustion 
chamber  of  the  drier  furnace,  to  reduce  the  moisture  from  5-6 
per  cent,  to  1  per  cent.,  and  if  the  anthracite  was  exceedingly  wet, 
containing  from  12-13  per  cent,  of  moisture,  the  gas  temperature 
should  be  raised  to  450°C.  ; 

(2)  For  pulverising  the  Chosen  anthracite,  which  is  already  in  the 
form  of  a  coarse  powder,  with  an  impact  pulveriser  like  the 
Hirotani  type,  the  power  can  be  diminished  by  reducing  the 
nxmiber  of  beaters  and  the  speed  of  the  machine. 
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Note:  The  author  wishes  to  add  the  Jollowing  comment,  made  at  a  later  date 
than  that  of  the  body  of  his  paper: 

As  to  the  problem  of  whether  to  utiUse  the  "Unit"  or  the 
"Storage"  system;  while  for  existing  plants  the  "Storage"  system 
has  the  advantage  of  greater  hourly  capacity,  yet  the  present 
tendency  is  in  favour  of  the  "Unit"  system. 
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ZUSAMMENFASSUNG 
Man  hat  in  Japan  verhältnismässig  früh  damit  begonnen,  Kohlenstaubver- 
brennung zur  Dampferzeugung  zu  benützen.  Das  System  wurde  bei  uns 
zuerst  im  Jahre  1903  eingeführt,  und  erst  nach  zehnjährigen  Erfahrungen  in 
der  Zement-Industrie  hatten  die  Versuche  einer  Anwendung  dieser  Feuerungs- 
methode zur  Dampferzeugung  im  Jahre  1915  die  ersten  Erfolge  mit  einem 
einheimischen  Pulverisierungs-  und  Verbrennungsapparat  der  Hirotani  Stahl- 
Werke.  Doch  der  eigentliche  Fortschritt  begann  erst  1918,  von  welchem 
Jahre  ab  einige  Versuchsanlagen  zu  arbeiten  begannen,  und  innerhalb  zehn 
Jahren  wuchs  die  Zahl  der  Werke,  in  denen    Dampfkessel  und  Hüttenöfen  für 
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Kohlenstaubfeuerung  eingerichtet  sind,  auf  54  (einschliesslich  einiger,  die 
augenblicklich  stillgelegt  sind),  und  der  Gesamtverbrauch  an  Kohlenstaub, 
einschliesslich  des  Verbrauchs  der  Zementindustrie,  kann  auf  1  850  000 
Tonnen  im  Jahr  geschätzt  werden.  Unter  den  genannten  Werken  befinden 
sich: 

grosse  Dampfkraftstationen, 

Nebenstationen    von    mit    Wasserkraft    arbeitenden    Elektrizitäts-Werken, 

Kraftstationen  in  Stahl- Werken,  in  denen  Hochofengas  und  andere  Brenn- 
materialien zusammen  verbrannt  werden, 

Kraftstationen  in  Kohlenbergwerken,  in  denen  die  schlammigen  Ablagerun- 
gen der  Kohlenwäscherei  verwertet  werden,  in  welchen  allen  mit  grossem 
Vorteil  Kohlenstaub  verfeuert  wird;  dazu  kommen  weiter  vier  Versuchsanstal- 
ten, in  denen  das  System  wissenschaftlich  untersucht  wird. 

Obgleich  die  Entwickelung  in  den  letzten  Jahren  infolge  der  allgemeinen 
Depression  des  Geschäfts  und  auf  dem  Goldmarkt  etwas  verlangsamt  worden 
ist,  so  erwarten  wir  doch  eine  gute  Entwickelung  für  die  Zukunft,  da  die  mit 
Vorteil  auszunützenden  Wasserkraft-Quellen  schon  in  grossem  Msisse  ausge- 
nützt werden  und  daher  die  Notwendigkeit  der  Errichtung  wirtschaftlich 
arbeitender   Dampfkraftanlagen  immer  deutlicher  in   Erscheinung  tritt. 
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historical cost  of  preparation — copper  furnaces — applica- 
tion to  various  iron  and  steel  furnaces — galvanising  and 
tinning — sintering — miscellaneous  uses — resume 

Historical  and  General 

This  paper  will  deal  principally  with  the  use  of  powdered  fuel  in 
the  iron  and  steel  industry,  but  will  also  touch  upon  its  use  in  some 
non-ferrous  metal  work. 

It  is  difficult  to  trace  the  early  development  in  the  use  of  pulverised 
coal,  but  it  appears  that  the  first  experiments  were  made  over  a 
hundred  years  ago.  In  the  early  days  of  development,  as  also  during 
the  later  years,  one  of  the  principal  difficulties  was  in  getting  coal 
properly  pulverised  for  successful  use  in  metallurgical  work.  How- 
ever, about  1895  success  was  obtained  in  the  Portland  Cement 
industry.  This  gave  impetus  to  the  art,  and  several  successful  types 
of  pulverising  mills  were  soon  developed. 

Early  in  1903  Messrs.  Lord  and  CuUiney,  of  the  American  Iron  and 
Steel  Company,  Lebanon,  Pennsylvania,  started  operations  in  their 
plant.  Considerable  difficulty  was  experienced  in  taking  care  of  the 
ash,  and  finally  it  became  apparent  that  they  would  have  to  accept 
a  slagging  ash  condition.  Therefore,  about  1905,  they  built  a 
furnace  so  that  the  combustion  chamber  floor  could  be  dropped  at 
regular  intervals,  after  shutting  down  the  furnace,  and  the  slag 
removed  in  solid  form.  Since  then,  practically  aU  metallurgical 
furnaces  have  been  built  so  that  the  slag  and  ash  can  be  removed 
during  the  week  end  shut-downs.  The  success  of  this  plant  was  kept 
more  or  less  a  secret  until  about  1912,  when  Mr.  Lord  presented  a 
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paper  before  the  Engineers'  Society  of  Western  Pennsylvania  which 
created  considerable  interest  in  powdered  fuel  for  metallurgical 
work. 

During  the  next  few  years  several  installations  were  made  by 
various  people,  but  another  difficulty  was  found  in  the  method  of 
transporting  the  pulverised  coal  by  means  of  screw  conveyors  and 
bucket  elevators.  The  early  installations  were  all  fitted  with  drying 
equipment  so  as  to  reduce  the  moisture  content  of  the  coal  before 
pulverisation,  and  the  method  of  conve3àng  it  made  it  almost 
impossible  to  maintain  the  plant  and  surroundings  in  a  cleanly 
condition.  In  1915,  however,  the  fuel  shortage  and  the  need  for 
greater  steel  output  created  a  renewed  interest  in  pulverised  coal, 
resulting  in  the  advent  of  compressed  air  transport  and  the  circula- 
ting or  air  flotation  system.  These  eliminated  the  difficulties  of 
screw  conveyor  transport,  and  constituted  a  system  that  could  be 
readily  installed  in  existing  plants. 

During  the  balance  of  the  World  War  period  and  the  years  im- 
mediately following  many  plants  were  equipped,  considerable 
trouble  experienced,  and  many  difficulties  overcome.  Since  1920 
there  has  been  a  great  demand  for  development  in  the  power  plant 
field,  and  coal  preparation  equipment  has  been  greatly  improved. 
During  the  past  two  years  interest  has  also  revived  in  the  use  of 
pulverised  fuel  in  metallurgical  work. 

In  the  past  few  years  it  has  come  to  be  reaUsed  that  there  is  a 
vast  difference  between  the  burning  of  pulverised  coal  in  boiler 
furnaces  or  cement  kilns  and  its  combustion  in  metallurgical  furnaces. 
Successful  operation  in  metallurgical  work  requires  that  the  material 
being  heated  or  melted  shall  not  become  contaminated.  This  require- 
ment, which  is  not  present  in  boiler  firing  practice,  makes  it  necessary 
to  have  a  clean  flame  and  much  more  accurate  control  of  the  fuel. 
To  insure  these  it  has  been  found  necessary  to  pulverise  the  coal  to  a 
finer  degree  and  to  reduce  the  moisture  content.  For  metallurgical 
work  it  has  been  considered  standard  practice  to  have  the  moisture 
content  not  over  1  per  cent,  and  the  fineness  such  that  at  least  95 
per  cent,  will  pass  through  a  100-mesh  screen.  For  some  operations, 
present  day  practice  caUs  for  99  per  cent,  through  a  100-mesh  screen, 
and  a  moisture  content  of  0-7  per  cent. 

Thus,  advancement  on  the  heating  side  of  metallurgical  work  has 
heretofore  been  made  in  the  preparation  of  the  fuel  and  the  method 
of  burning  it,  rather  than  in  the  design  of  the  furnace.  Recent 
investigations,  however,  have  led  to  some  rather  radical  changes  in 
furnace  design,  and  as  time  goes  on,  developments  along  this  line  will 
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no  doubt  show  increases  in  economy  as  great  as  have  hitherto  been 
effected  by  changes  in  fuel  and  improvements  in  preparation 
equipment. 

The  regenerative  type  of  sand-bottom  furnace  has  been  in  use  for 
a  considerable  time,  and  the  continuous  type  of  furnace  with 
recuperators  has  shown  good  results  on  some  fuels.  Where  cold 
slabs,  blooms  or  billets,  are  charged,  continuous  furnaces  have 
to  some  extent  relieved  operators  of  bottom  troubles.  This  method, 
in  which  the  slabs,  blooms,  or  billets  progress  from  a  preheating 
temperature  at  the  charging  end  to  a  high  temperature  at  the  point 
of  discharge,  is  considered  better  than  charging  a  cold  slab,  bloom 
or  billet  into  the  hottest  portion  of  a  furnace  from  which  material  at 
rolling  temperature  has  previously  been  drawn.  For  heating  wrought 
iron  piles  or  faggots,  however,  the  hearth  type  of  furnace  will 
probably  continue  to  be  used,  inasmuch  as  the  use  of  a  continuous 
furnace  is  not  practical  because  the  temperature  to  which  the 
material  must  be  heated  would  cause  the  piles  or  faggots  to  stick 
together. 

Heretofore  the  selection  of  fuel  for  metallurgical  plants  has,  as  a 
rule,  been  governed  by  local  conditions.  This  has  not  always 
resulted  in  adopting  the  most  efficient  fuel.  By-product  coke  oven 
gas  is  the  most  suitable  fuel  for  heating  furnaces,  where  it  is  available 
at  a  reasonable  price.  The  use  of  coke  breeze  and  anthracite  coal  in 
pulverised  form  has  been  found  unsatisfactory  for  metallurgical 
work,  as  owing  to  the  high  cost  of  preparation  and  the  lack  of 
volatile  matter,  it  is  almost  impossible  to  keep  these  fuels  burning 
and  to  produce  with  them  the  commercially  regulatable  flame  so 
essential  to  successful  operation.  American  cannel  coal  has  been 
used  in  emergencies,  but  when  pulverised  this  fuel  is  hazardous  to 
store.  Some  work  has  been  done  with  peat  and  Hgnite  in  pulverised 
form,  but  not  sufficient  to  prove  its  value  in  comparison  with 
bituminous  coal.  Some  work  has  also  been  done  with  extra  hard 
coal  tar  pitch,  in  pulverised  form.    This  material  has  the  following 

proximate  analysis: — 

Per  cent. 
Fixed  Carbon     ...  ...  ...       51-21 

Volatile 47-83 

Ash  0-88 

Sulphur 0-52 

It  can  be  safely  pulverised  in  a  Cox  or  similar  type  mill,  but  cannot 
be  stored  for  any  length  of  time. 
The  standard  fuel  for  metallurgical  work,  therefore,  is  bituminous 
coal.    In  most  of  the  early  installations  the  coal  was  not  pulverised 
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finely  enough,  and  this  necessitated  high  air  velocity  to  carry  it  into 
the  furnace.  This,  in  turn,  caused  the  coal  and  ash  to  carry  over 
the  hearth  or  precipitate  on  the  material  being  heated.  The  screen 
type  mills  which  were  used  to  pulverise  the  coal  in  these  early 
installations  have  now  been  superseded  by  pulverisers  of  the  air 
separation  type  which  make  it  possible  to  dehver  coal  of  greater 
fineness  and  uniformity.  The  preparation  of  coal  to-day  is  to  a 
certain  extent  standardised,  and  machinery  that  can  produce 
practically  any  fineness  required  is  now  available. 

The  coal  can  be  satisfactorily  dried  in  rotary  dryers  of  either  the 
direct  or  the  indirect  type,  or  in  dryers  of  the  vertical  stationary 
type.  It  is  possible  to  use  the  waste  gas  from  the  metallurgical 
furnace  to  carry  away  the  moisture  from  the  coal  in  some  installa- 
tions. In  others  it  is  necessary  to  fire  the  dryer  independently,  and 
this  is  now  being  done  in  modern  installations  with  pulverised  coal. 

In  general,  the  needs  of  the  metallurgical  industry  call  for  a  central 
pulverising  plant  where  the  coal  is  received,  crushed,  dried,  pulverised 
and  transported  to  the  storage  bins  adjacent  to  the  furnaces.  There 
are  some  special  installations  that  permit  of  direct  firing,  but  these 
are  few  and  this  method  is  generally  not  to  be  recommended.  The 
central  pulverising  plant  and  bin  system  lends  itself  best  to  efficient 
operation  of  iron  and  steel  plants,  because  these  usually  have  many 
furnaces,  each  of  which  requires  individual  fuel  control.  In  the  latest 
plants  the  coal  is  prepared  and  immediately  conveyed  to  the  bins 
at  the  furnaces  by  means  of  compressed  air  transport.  The  prepara- 
tion plant  can  thus  be  operated  under  the  most  efficient  and  economi- 
cal conditions,  and  the  pulverised  coal  is  stored  at  the  furnaces  where 
it  is  to  be  used.  It  is  customary  to  provide  about  16  hours'  supply 
in  the  bins  at  the  furnaces,  which  permits  of  the  preparation  plant 
being  operated  single  turns.  This  method  results  in  a  saving  of 
labour  which  will  readily  pay  for  the  additional  preparation  equip- 
ment investment  in  less  than  one  year,  as  it  has  the  additional 
advantage  of  providing  a  reserve  capacity  in  equipment.  However, 
in  many  plants  that  have  been  in  operation  for  several  years,  the 
preparation  equipment  operates  20  hours  per  day. 

Pulverised  coal  installations  have  become  so  standardised  that  they 
are  not  considered  any  more  liable  to  cause  a  shut-down  than  any 
other  part  of  the  plant.  Pulverised  coal,  when  properly  dried,  can 
be  safely  stored  in  bins  at  the  furnaces  for  many  months  without 
danger  of  fire  or  deterioration.  Trouble  has  been  experienced  with 
coal  stored  too  long,  however,  so  it  is  well  always  to  try  to  use  up  all 
pulverised  coal  before  shutting  down  for  many  weeks. 
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Costs  of  Preparation 

The  cost  of  preparing  pulverised  coal  depends  on  the  particular 

circumstances  surrounding  the  project,  such  as  cost  of  labour,  cost 

of  power  and  method  of  bookkeeping  relative  to  overhead  charges 

and  to  obsolescence  of  plant.    The  costs  per  net  ton  (2,000  lbs.)  of 

coal  for  a  year  of  operation  at  one  sheet  mill  plant  were  as  follows:— 

General  labour $0-278 

Supervision         ...  ...  ...        0-072 

Repairs    ...  ...  ...  ...        0-131 

Total  labour 
Material  and  supplies    ... 
Repair  material... 
Coal  for  dryer     ... 

Total  supplies 
Power  (electrical) 
Depreciation,  taxes,  etc. 

Total 

Total  preparation  cost     ...  $1-236 

As  the  coal  used  in  this  plant  is  high  in  sulphur,  it  is  first  crushed  and 
screened,  and  the  clean  crushed  coal  is  then  sent  to  the  open  hearth 
furnaces;  while  the  slack,  screenings,  and  refuse  are  shipped  to  the 
sheet  mill  plant  for  use  in  pulverised  form.  This  coal  runs  as  high  as 
2-3  per  cent,  sulphur  and  16  per  cent,  ash  as  pulverised,  which  partly 
accounts  for  the  high  preparation  cost.  Assuming  such  slack  coal  to 
cost  $3.80  delivered,  then  the  pulverised  coal  as  fired  will  cost 
$4,036  per  net  ton  of  coal.  This  coal  has  a  heat  value  on  the  dry  basis 
of  12,970  B.Th.U.  per  lb.  About  50,000  tons  of  coal  per  year  are 
used  at  the  plant  in  question. 

At  another  plant  the  total  preparation  cost  is  $0.99  per  net  ton, 
including  all  overhead  and  fixed  charges.  At  a  third,  the  total 
preparation  cost  for  the  year  1927,  not  including  fixed  charges  and 
taxes,  was  $0,519  per  net  ton  of  coal  prepared  and  transported. 

Copper  Furnaces 

Pulverised  coal  is  used  practically  universally  for  the  firing  of 
copper  reverberatory  furnaces,  the  only  reasons  for  using  any  other 
fuel  being  cost  or  local  conditions.  Vertical  copper  blast  furnaces 
have  been  successfully  fired,  although  quite  a  few  mechanical 
features  still  remain  to  be  worked  out,  such  as  the  proper  feeding  of 
small  quantities  of  coal  against  the  furnace  pressure.  In  copper 
refining  furnaces  pulverised  coal  has  shown  a  fuel  saving  of  from 
20  to  30  per  cent,  and  has  increased  the  output  by  reducing  the 
time  of  each  operation  or  cycle. 
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Ore  Roasters 

Some  work  has  been  done  on  the  vertical  mechanical  roasters  of  the 
Wedge  or  Middleton  type,  but  the  mechanical  difficulties  of  feeding 
and  burning  such  small  quantités  of  pulverised  fuel  as  are  needed 
have  so  far  held  up  this  development.  Rotary  roasters  and  nodulisers 
have  been  fired  successfully  with  pulverised  coal. 
Iron  Blast  Furnaces 
It  has  now  been  found  possible  to  feed  the  pulverised  coal  directly 
into  the  proper  part  of  the  blast  furnace,  thus  overcoming,  it  is 
believed,  the  mechanical  difficulties  which  have  heretofore  pre- 
vented proper  injection  of  the  coal.  No  doubt  the  next  few  years 
will  see  this  fuel  being  substituted  for  30  to  40  per  cent,  of  the  coke 
now  used.  The  introduction  of  fuel  having  a  known  analysis  directly 
at  the  melting  zone  will,  no  doubt,  prove  a  distinct  advantage  in 
correcting  errors  in  mix  immediately,  instead  of  after  some  hours, 
as  in  the  present  practice. 
Iron  Foundry  Cupola 

Certain  installations  are  now  being  made  to  determine  the  operating 
advantages  of  pulverised  coal  in  this  branch.  One  of  these  installa- 
tions will,  no  doubt,  be  completed  within  the  next  few  months,  after 
which  some  very  valuable  data  may  be  secured.  This  installation  is 
being  made  to  determine  to  what  extent  the  carbon  can  be  con- 
trolled by  the  addition  of  the  fuel  in  the  melting  zone. 
Melting  Furnaces  for  Malleable  Iron 

There  are  many  plants  in  which  the  melting  is  done  with  pulverised 
coal,  and  the  furnaces  for  such  fuel  have  been  developed  to  a  very 
high  stage  of  efficiency.  In  the  plant  which  holds  the  fuel-ratio 
record  of  the  United  States,  3-8  pounds  of  iron  are  melted  with  each 
pound  of  pulverised  coal  fed  to  the  furnace.  This  fuel  consumption  is 
527  pounds  of  coal  per  net  ton  of  iron  melted,  or  7,430,700  B.Th.U. 
in  the  fuel  per  2,000  pounds  of  iron  melted.  The  proximate  analysis 
of  the  coal  used  at  this  plant  is: — 

Per  cent. 

Volatile  matter 34-8 

Fixed  Carbon      ...  ...  ...  ...  ...  59-0 

Ash  5-5 

Moisture  ...  ...  ...  ...  ...  ...  -7 

Sulphur,  separately  determined,  less  than      ...  10 

This  coal  is  pulverised  so  that  99-1  per  cent,  passes  through  a 
100-mesh  screen  and  82-6  per  cent,  passes  through  a  240-mesh 
screen.  In  addition  to  the  exceptionally  good  fuel-ratio  secured  by 
fine  grinding  and  proper  drying,  combined  with  an  efficient  burner 
arrangement,  there  has  been  noticed  a  decided  improvement  in 
the  elimination  of  carbon  and  sulphur  additions  to  the  bath, 
412 


U.S.A.:  POWDERED  PU  EL  IN  METALLURGICAL   WORK 

Practically  all  air  used  for  combustion  of  pulverised  coal  in  this 
industry  is    at   atmospheric   temperature,   and   the   present    rapid 

CARBON  ADDITION  TO  BATH  IN  MALLEABLE  MELTING 


Reouctiom  Of  Carboh 

aoditioh  to  bath 

ahd  imcreased  fimemess 

or 

PULVERIZATIOH 
SECURED   BY  MORE  THORO 
ORYINQ  OF  COAL 


.35       .30       .25       .20        .15        .10 

CARBOM    AOOITION    TO  BATM 
.35%  96  .9T  .98  .99*/o 

FIMEHESS   OF  COAL%  THRU  100  MESH   SCREEM 

Fig.   1. — Carbon   Addition   to   Bath  "in  Malleable   Melting. 


development  of  suitable  air  heaters,  using  the  furnace  waste  gases 
as  a  heating  medium,  will  greatly  assist  in  further  reduction  of  fuel 
consmned. 
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The  operations  of  the  plant  mentioned  above  seem  to  indicate 
that  satisfactory,  efficient  operation  of  a  malleable  melting  furnace 
requires  pulverised  coal  with  a  moisture  content  of  less  than  1  per 
cent.    It  has  also  been  found  that  if  the  moisture  content  is  above 

IWFLUENCE  OF  CAHBON  CONTENT  ON  STRENGTH 
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Fig.  2. — Influence  of  Carbon  Content  on  Strength. 

1  per  cent,  the  particles  leaving  the  coal  feeder  agglomerate  and  go 
into  the  furnace  as  coarse  coal,  even  when  the  coal  has  been  pul- 
verised fine  enough. 

The  curve  chart  (Fig.  1  )  shows  the  effect  of  moisture  on  the  fineness 
of  pulverisation,  as  well  as  on  the  carbon  addition  to  the  metal. 
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From  this  chart  it  will  be  noted  that  when  the  pulverised  coal  has 

1-4  per  cent,  of  moisture,  the  carbon  addition  is  0-4  per  cent., 

whereas  at  1  per  cent,  moisture  the  addition  is  only  0-05  per  cent. 

As  extra  carbon  in  the  melt  affects  the  final  strength  of  the  casting, 

this  means  that  malleable  iron  having  2-60  per  cent,  carbon  as  it 

leaves  the  furnace  has  a  tensile  strength  of  49,0001b.  (average;  per 

sq.  in.,  if  coal  having  1  -4  per  cent,  of  moisture  is  used  as  fuel,  whereas 

the  tensile  strength  of  the  same  iron  will  be  57,000  lb.  per  sq.  in. 

(average)  if  melted  with  coal  having  a  moisture  content  of  only 

0-75  per  cent.   This  relation  of  strength  to  carbon  content  is  shown 

clearly  in  Fig.  2. 

The  burners  for  directing  the  pulverised  coal  into  the  furnace  are 

simple  in  construction,  consisting  of  a  square-turn  elbow  through 

the  centre  of  which  the  coal  and  primary,   or  carrying-air  pipe 

passes.  The  additional  air  needed  for  combustion  enters  through  the 

annular  space  between  the  coal  pipe  and  the  surrounding  walls  of 

the  burner  elbow.   The  air  for  combustion  is  regulated  by  means  of 

a  blast  gate  in  the  line.    Experience  has  shown  that  the  velocity  of 

discharge  of  both  the  primary  and  combustion  air  should  be  4,000  ft. 

per  min.,  and  that  the  quantity  of  primary  air  carrying  the  coal 

from  the  feeder  to  the  burner  should  be  60  cu.  ft.  per  lb.  of  coal, 

when  feeding  the  maximum  amount  of  fuel.   There  are  many  other 

types  of  installation,  some  of  which  are  direct  fired,  but  none  are 

giving  as  eificient  results  as  that  described  above. 

At  one  plant,  several  months  experience  each,  with  hand  firing, 

stoker  firing,  and  direct  firing  of  coal  in  pulverised  form  showed  fuel 

consumptions  of  1,600,  1,150,  and  760  lb.,  respectively,  per  net  ton 

(2,000  lb.)   of  iron   melted.      For  hand-  and  stoker-firing,  a  good 

grade  of  Pennsylvania  bituminous  coal  was  used,  having  a  proximate 

analysis  of:  -r, 

•'  Per  cent 

Fixed  Carbon     ...  ...  ...       54-10 

Volatile  matter 36-40 

Ash  5-50 

Moisture 4-00 

Sulphur 0-75 

Heating  value  in  B.Th.U.  per  lb.,  14,100 

In   the   direct-fired  installation,   the   pulverising  equipment   was 

placed  just  at  the  end  of  the  furnace,  and  a  coal  having  the  following 

proximate  analysis  was  used: — 

Per  cent. 


Fixed  Carbon 

55-60 

Volatile  matter  . 

35-20 

Ash 

7-00 

Moisture  ... 

2-20 

Sulphur   ... 

0-75 

Heating  value  in  B.Th.U.  per  lb.,  14,000 
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From  the  experience  gained  and  the  results  being  obtained  with 
pulverised  coal  properiy  dried  and  ground  to  correct  fineness,  it  may 
be  stated  that  the  use  of  this  fuel  offers  the  following  advantages: — 

1 .  Reduction  in  fuel  consumed  per  ton  of  iron  melted. 

2.  Reduction  in  time  necessary  for  melting. 

3.  Elimination  of  metallurgical  troubles  in  melting. 

4.  Better  quality  of  output  due  to  better  control  of  flame. 

5.  Ability  to  use  lower  grade  coal  when  price  warrants  or  other 
conditions  require. 

6.  Increased  ouput,  when  required,  per  sq.  ft.  of  furnace  floor 
space.  (A  pulverised  coal  furnace  requires  no  bridge  wall  or 
combustion  chamber.) 

Annealing  Furnaces  for  Malleable  Iron 

Several  plants  have  been  equipped  for  pulverised  fuel  firing  on 
box  type  furnaces.  The  records  of  one  of  these  which  uses  dried, 
finely  pulverised  coal  have  shown  notable  fuel  savings.  In  this  plant 
the  furnaces  have  no  combustion  chambers,  the  burner  being  of  the 
simplest  type,  similar  to  the  malleable  melting  furnace  burner 
previously  referred  to.  The  combustion  air  is  induced  by  the  stack, 
however,  and  is  regulated  by  a  register  fitted  to  the  air  opening  to 
the  burner.  At  maximum  feed  the  primary  air  which  carries  the 
coal  to  the  furnace  burner  amounts  to  only  30  cu.  ft.  per  lb.  of  coal. 
As  the  mixture  of  coal  and  air  leaves  the  burner  tip  it  impinges 
on  a  fire-brick  pier  which  divides  it  and  diverts  it  to  the  sides  of  the 
furnace.  The  roof  of  the  furnace  is  of  the  sprung  arch  type  (the 
included  angle  of  the  arch  being  60°)  and  has  a  slope  from  the  back 
of  the  burner  wall  to  the  front  or  door  end.  The  slope  and  height 
of  this  roof  are  such  that  the  gases  in  cooling  are  forced  down  on  to 
the  stacks  or  boxes.  The  burner,  being  placed  above  the  top  of  the 
boxes,  aUows  the  flame  and  gas  to  flow  over  the  material,  filling 
the  entire  furnace  with  heat.  The  waste  gas  then  passes  out  through 
openings  in  the  side  waUs  near  the  floor  and  front  end  of  the  furnace. 
In  such  furnaces  the  ash  is  always  in  a  dry  powder  form,  and  slag 
is  never  encountered.  The  velocity  of  the  coal  leaving  the  burner 
tip  is  about  3,200  ft.  per  min. 

At  other  plants  the  fuel  consiunption  runs  higher.  With  hand-  or 
stoker-firing,  the  coal  consumption  amounts  to  from  642  lb.  to 
1,030  lb.  per  net  ton  of  castings  annealed,  using  coal  running  as 
high  as  14,600  B.Th.U.  per  lb. 

The  advantages  of  using  pulverised  coal  in  this  branch  of  the 
industry  are: — 
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1 .  Reduction  in  fuel  consumption. 

2.  Reduction  in  cost  of  box  renewals. 

3.  Labour  saving  in  firing  and  cleaning  away  ashes. 

4.  Increased  capacity  due  to  elimination  of  fire  box.  (Firing  with 
pulverised  coal  requires  no  separate  combustion  chamber  or 
grate  bars.) 

Very  little  work  has  been  done  with  pulverised  coal  firing  on 
muffle  furnaces,  but  no  doubt  installations  will  be  made  as 
required. 

Open-Hearth  Melting  Furnaces 

Owing  to  the  high  state  of  development  of  open-hearth  furnaces  for 
gaseous  and  liquid  fuels,  there  has  been  Httle  incentive  to  push 
pulverised  coal  as  a  fuel  for  this  work  in  America.  The  actual  coal 
consumption  in  producer  gas  form  is  practically  as  good  as  can  be 
obtained  with  pulverised  coal,  and  the  ash  removal  difficulties  have 
stood  in  the  way  of  any  general  use  of  pulverised  coal  for  this  work. 
However,  the  experiences  of  plants  operating  with  pulverised  coal 
show  that  this  fuel  can  be  used  successfully  and  with  a  considerable 
saving  over  oil,  natural  gas  or  town's  gas.  The  open-hearth  plants  in 
America  to-day  may  be  classified  as  to  fuel  used  about  as  follows: — 


Per  cent,  of  total 

Coke-oven  gas  and  tar  ... 

13-59 

Coke-oven  gas  alone 

5-60 

Tar  and  pitch  alone 

4-69 

Fuel  oil    ... 

15-20 

Natural  gas         

6-28 

Producer  gas 

53-93 

Pulverised  coal  ... 

0-71 

The  open-hearth  plants  that  have  been  using  pulverised  coal 
report  successful  operation,  with  fuel  consumptions  ranging  from 
450  lb.  to  600  lb.  of  coal  per  ton  of  steel. 

The  Eastern  Steel  Company's  plant  at  Pottstown,  Pennsylvania, 
was  described  in  a  paper  presented  by  Mr.  Hemdon  before  the 
spring  meeting  of  the  American  Society  of  Mechanical  Engineers, 
held  May  14th  to  17th,  in  Pittsburg,  Pennsylvania.  At  another 
plant,  a  30-ton  open-hearth  furnace  has  been  satisfactorily  fired 
with  pulverised  coal  for  the  past  twelve  years,  with  maintenance 
costs  about  the  same  as  for  producer  gas-fired  furnaces.  At  this 
plant  it  has  been  found  that  a  coal  having  a  higher  ash  content  can 
be  used  by  grinding  it  fine. 

Some  successful  tests  have  been  run  with  coals  having  sulphur 
contents  as  high  as  1|  per  cent.,  but  the  general  practice  is  to  use 
a  good  grade  of  bituminous  coal  having  a  sulphur  content  of  less 
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Fig.  3. — Outline  of  Puddling  Furnace. 
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than  1  per  cent.,  and  to  pulverise  the  coal  to  above  98  per  cent, 
through  a  lOO-mesh  sieve. 
Many  plants,  especially  those  burning  oil,  are  now  seriously  con- 
sidering changing  to  pulverised  coal  fuel.  It  is  confidently  predicted 
that  within  the  next  few  years  open-hearth  furnaces  will  be  developed 
which  will  utiHse  finely  pulverised  coal  at  a  fuel  consumption  of 
about  400  lb.  or  less  per  ton  of  steel  heated. 

Ingot-Soaking  Pits. 

Some  work  has  been  done  on  furnaces  of  this  type,  but  as  they 
are  so  closely  associated  with  the  open-hearth  melting  furnaces, 
their  development  for  pulverised  coal  will  be  carried  out  in  con- 
junction with  work  done  in  the  open-hearth  plants.  A  certain 
measure  of  success  has  been  secured  in  the  tunnel  pits,  but  very 
little  has  been  done  on  the  regular  regenerator  type  of  furnace.  The 
advantages  and  difficulties  are  very  similar  to  those  of  the  open- 
hearth  furnaces. 

WROUGHT   IRON 

Puddling  Furnaces,  Bushelling  Furnaces 

The  first  success  with  pulverised  fuel  in  metallurgical  work  was 
attained  in  puddHng.  Since  the  early  work  done  by  the  American 
Iron  and  Steel  Company,  many  types  of  furnaces  have  been  experi- 
mented with,  and  many  puddling  and  bushelling  furnaces  have 
been  equipped  for  pulverised  coal  firing.  The  furnace  developed  by 
Mr.  CuUiney  at  the  Lebanon  installation,  which  has  given  fairly 
satisfactory  results,  is  illustrated  in  Fig.  3. 

In  this  furnace  the  puddler  builds  up  a  "monkey"  on  the  bridge 
wall  to  suit  conditions.  The  combustion  chamber  is  fitted  with  a 
grate  or  floor  made  of  flat  bars  arranged  for  ready  dropping  to  clear 
out  the  ashes,  this  floor  being  covered  with  burned-out  ashes  to 
prevent  the  slagging  ash  sticking  to  the  floor. 

Of  many  types  of  installation  which  have  been  tried  out,  that  shown 
below  gives  the  best  results,  both  with  burners  and  with  hand 
firing. 

It  will  be  noted  that  in  the  earher  furnace  shown  above,  the  roof 
over  the  combustion  chamber  was  level,  whereas  in  the  design  shown 
in  Fig.  4  the  roof  rises  in  a  half  arch  from  the  back  wall  to  about 
the  centre  of  the  combination  chamber.  This  shape  of  roof  seems  to 
give  a  much  better  control  of  the  flame  and  is  now  practically 
standard  for  puddhng  and  bushelling  furnaces,  both  pulverised  coal 
and  hand  fired. 
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The  wide  range  of  flame  conditions,  from  highly  reducing  to 
intensely  oxidizing,  which  the  puddling  furnace  requires,  is  met  most 
satisfactorily  by  pulverised  coal.  The  temperature  range  of  the 
puddling  cycle  is  indicated  in  Fig.  5. 

Pulverised  coal  has  been  successful  in  puddling  and  in  bushelling 
both  soft  iron  and  the  very  hard  pig  required  in  the  manufacture  of 
high  grade  hand  puddled  wrought  iron  pipe. 

The  fuel  saving  by  using  pulverised  coal  instead  of  hand-firing  is 
large,  and  in  addition,  the  reduction  of  time  per  heat  makes  it 
possible  to  secure  five  full  heats  on  each  eight-hour  turn.    With 


DEVELOPMENT  OF  PUDDLING  FURNACE 


Puddle  Furnace  as  built  for  hand  firing,  but  with   Cullinev 

installed   in  back  wall  and   grate  sealed   with  asbestos. 

Time  to  heat,   1  hr.  25  min.     Fi  el  consumed   1800+  per  ton   of   iron. 

Fig.  4. — Development  of   Puddling  Furnace. 


pulverised  coal  firing,  all  the  air  needed  for  combustion  enters  the 
furnace  through  the  burner  opening  and,  like  the  coal,  is  under  the 
puddler's  full  control  at  all  times.  The  Culliney  burner  shown  on 
the  last  furnace  scheme  referred  to  above,  is  designed  for  a  minimum 
of  primary  air  (about  30  cu.  ft.  per  lb.  of  coal  at  maximum  fuel 
needs)  to  carry  the  coal  from  the  feeder  to  the  burner,  and  for  a 
discharge  velocity  of  4,000  ft.  per  minute  at  the  maximum  feed. 
The  secondary  or  combustion  air  is  supplied  under  controllable 
pressure  through  the  burner  elbow  at  a  velocity  of  not  over  3,500 
ft.  per  min.  at  maximum  coal  feed.    The  coal-laden  primary  air 
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Fig.  5.     Temperature  Curves  for  Puddling. 

entering  through  the  centre  is  absorbed  into  and  softened  by  the 
lower-velocity  secondary  air,  and  the  two  readily  mix  to  give  the 
required  flame.  Some  work  has  been  done  with  schemes  to  pre- 
heat the  air  for  combustion,  but  owing  to  space  hmitations  and 
varying  quality  of  waste  gases,  this  has  not  so  far  proved  very 
successful. 
Data  secured  from  several  plants  show  fuel  consumptions  per 
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gross  ton  of  muck  bar  produced  in  this  tj^e  of  furnace  when  fired 
by  hand,  by  natural  gas,  and  by  fuel  oil,  as  follows: — 

B.Th.U. 
Coal  (14,000  B.Th.U.  per  lb.),  hand  fired,  2,740  to  32,33  lbs.     ...       40,600,000 

Natural  gas  fired  25,000  to  31,000  cu.  ft.       27,399,600 

Oilfired 226  to  240  gal.  ...       31,185,000 

Pulverised  coal  fired      1,890  lbs 25,150,000 

The  fuel  saving  of  pulverised  coal  over  hand-firing  is,  therefore, 
approximately  37  per  cent.  The  above  figures  are  for  puddüng  hard 
pig  and  producing  the  very  best  quahty  hand-puddled  wrought  iron. 
On  softer  and  lower  grade  iron  the  fuel  consumption  is  lower,  but 
the  saving  by  use  of  pulverised  coal  has  been  found  to  be  approxi- 
mately the  same. 

The  operation  of  busheUing  furnaces  has  shown  simüar  marked 

economy,  the  average  fuel  consumption  per  gross  ton  of  muck  bar 

produced  being  as  follows: — 

Hand-fired 1,000  to  1,290  lbs. 

Pulverised  coal-fired  650  to  730  lbs. 

When  working  on  scrap  the  fuel  consumption  for  each  of  the  above 

operations  is  considerably  less.   The  proximate  analysis  of  the  coal 

used  is  as  foUows: — 


Hand  Firing 

Pulverised 

Per  cent. 

Per  cent. 

Fixed  Carbon 

53-20 

52-92 

Volatile  matter 

36-32 

33-17 

Ash 

9-13 

11-33 

Moisture 

1-35 

0-98 

Sulphur 

1-24 

1-62 

Heat  Value  (B.Th.U.  per  lb.) 

14,000 

14,100 

The  advantages  over  hcind-firing  which  are  gained  by  using  pulver- 
ised coal  are: — 

1.  Reduction  in  time  of  operation. 

2.  AssiuTcince  of  standard  number  of  heats  each  8-hour  turn. 

3.  Reduced  fuel  consumption. 

4.  Elimination  of  the  arduous  labour  of  cleaning  fires  every  heat. 

5.  Reduction  in  cost  of  ash  disposal. 

6.  Assurance  of  more  uniform  product  due  to  better  flame  control. 

7.  Elimination  of  stand-by  losses  when  furnaces  are  shut  down 
between  turns. 

Wrought-Iron  Pile  Re-heating  Furnaces 

Probably  90  per  cent,  of  this  class  of  work  is  done  in  single  end 
reverberatory  sand-hearth  type  furnaces.  A  few  regenerator  type, 
producer  gas-,  oil-  and  natural  gas-fired  furnaces  are  still  in  use, 
however.  Accurate  control  of  fuel  mixture  and  flame  must  be 
readily  securable  at  all  times,  in  order  to  permit  the  attainment 
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of  the  high  temperature  necessary  to  have  the  piles  above  the  welding 
temperature   when   they   strike   the   roUs. 

Average  fuel  consumptions  per  gross  ton  of  iron  heated  in  this 
class  of  work  are  as  follows: — - 

Coal,  hand  fired  1,100  lbs. 

Natural  gas  fired  ...  ...   17,550  cu  ft. 

Fuel  oil  fired  ...  1 10  gal.  (U.S.) 

Pulverised  coal  ...  ...  445  lbs. 

With  regenerator  producer-gas-fired  furnaces  a  fuel  consumption  of 
477  lb.  of  coal  per  gross  ton  of  finished  skelp  produced  has  been 
secured  under  certain  conditions.  Using  the  same  coal  in  pulverised 
form  in  non -regenerative  reverberatory  furnaces,  the  following 
results  were  secured: — 

Coal  per  gross  ton  charged  ...  ...         ...         475  lbs. 

Coal  per  gross  ton  skelp  produced  ...         ...         514  lbs. 

Coal  per  gross  ton  produced  and  recoveries  422  lbs. 

Furnace  loss   ...  ...  ...         ...  ...  7|  per  cent. 

The  advantages  of  pulverised  coal  over  other  fuels  in  this  part  of 
the  industry  may  be  summarised  as  follows: — 

1.  Increased  tonnage. 

2.  Reduction  in  fuel  cost  per  ton  heated. 

3.  Reduction  in  furnace  loss.  (At  one  plant  the  loss  was  reduced 
from  11  to  7  per  cent.) 

4.  More  accurate  control  of  flame  conditions,  and  corresponding 
reduction  in  maintenance. 

5.  In  some  cases,  elimination  or  reduction  of  stand-by  losses  when 
furnace  is  shut  down  between  turns. 

6.  AbiHty  to  use  a  lower  grade  coal  when  conditions  require. 

7.  More  uniform  heating  resulting  from  ability  to  secure  the  best 
type  of  flame  at  aU  times. 

PLATE  MILLS   SLAB   RE-HEATING  FURNACES 

Three  general  types  of  furnaces  are  used  in  this  work: — 

1.  Reversing    regenerative    furnaces    of    the    sand-hearth    type, 
using  producer-gas,  natural  gas  and  oil  as  fuels. 

2.  Single-end  reverberatory  sand-hearth  t3^e  furnaces,  fired  by 
hand,  gas,  oil  or  pulverised  coal. 

3.  Continuous  type  of  furnaces  using  producer-gas,  oil,  natural 
gas  or  pulverised  coal. 
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Fig.  6. — Double-End  Reversing  Furnace. 

1.   Reversing-Hearth  Type 

Above  is  shown  a  furnace  which  was  converted  from  producer-gas- 
firing  to  pulverised  coal,  and  is  of  interest  as  being  the  only  successful 
pulverised  coal-fired  installation  in  a  reversing-end  furnace.  Re- 
generator chambers  were  used  as  heating  rooms  for  the  secondary 
or  combustion  air,  which  was  raised  to  a  temperature  of   from 
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100  to  250°  F.,  resulting  in  a  decided  advantage  over  furnaces 
having  no  air-preheating  arrangements.  These  furnaces  continue 
to  be  operated  as  a  reversing  type  with  pulverised  coal  and  have 
given  very  good  results.  The  fuel  consumption  per  gross  ton  of 
slabs  heated  is  470  lb.  of  coal,  having  the  following  proximate 
analysis: — 


Per  cent 

Fixed  Carbon 

55-46 

Volatile  matter 

.       30-92 

Ash           

12-92 

Moisture 

0-70 

Sulphur   ... 

0-97 

This  coal  is  pulverised  to  a  fineness  such  that  99^  per  cent,  will 
pass  through  a  100  mesh  screen,  and  it  has  a  heating  value  of 
13,589  B.Th.U.  per  lb.  as  fired. 

2.  Single-End  Type 

At  the  same  plant  there  are  also  some  single-end-fired  reverberatory 
furnaces  that  show  a  fuel  consumption  of  425  lb.  of  pulverised  coal 
per  gross  ton  of  slabs  heated.  The  results  obtained  at  this  plant 
indicate  that  the  single-end  reverberatory  furnace  is  at  least  as 
efficient  as  the  double-end,  its  output  as  good,  and  its  cost  less. 
The  company  is  now  considering  the  build  ng  of  another  furnace, 
and  no  doubt  it  will  be  of  the  single-end  type,  but  fitted  with  a 
tubular  air  preheater  placed  in  the  waste  gas  flue  so  as  to  secure  a 
temperature  of  about  400°F.  in  the  combustion  air.  This  installation 
will,  no  doubt,  show  a  marked  improvement  over  the  present 
furnaces. 

In  one  European  plant  some  experimental  work  was  done  on 
plate  mill  furnaces  of  the  single-end  hearth  type  with  a  direct-fired 
unit  using  undried  coal.  The  principal  difficulty  encountered  was  in 
keeping  the  combustion  chamber  from  burning  down.  The  com- 
bustion chamber  in  the  original  installation  was  destroyed  in 
36  hours.  It  was  then  rebuilt  with  the  highest  grade  sihca  brick, 
but  this  did  not  last  any  longer.  In  addition  to  this  brickwork  trouble 
the  fuel  consumption  was  very  high  and  the  steel  poorly  heated. 
After  an  extensive  series  of  experiments  the  scheme  was  abandoned 
and  a  central  pulverising  plant  and  bin  system  installed. 

3.  Continuous  Type 

At  one  plate  mill  plant,  which  for  several  years  has  operated  a 
number  of  continuous  furnaces  of  the  end-discharge  type  fired  with 
pulverised  coal,  the  fuel   consumption  is    approximately  300  lb. 

425 


PULVERISED  FUEL 

per  gross  ton  of  steel  heated.   The  coal  used  has  the  following  proxi- 
mate analysis: 


- 

Per  cent. 

Fixed  Carbon 

57-75 

Volatile  matter  ... 

35-25 

Ash           

6-00 

Moisture  ... 

1-00 

Sulphur   ... 

0-75 

Heat  Value,   13,600  B.Th.U.  per  lb. 

This  plant  has  been  in  operation  for  several  years  and  the  results 
obtained  have  been  very  satisfactory. 

In  a  paper  presented  at  the  annual  meeting  of  the  Iron  and  Steel 
Institute,  New  York  City,  it  was  stated  that 

"Pulverised  coal  has  been  successful  for  one  plate  producer,  and 
has  succeeded  in  cutting  in  half  the  previous  heating  cost  oi 
oil  in  this  particular  mill." 

At  a  European  plant  some  tests  rim  on  furnaces  fired  with  pul- 
verised coal  of  14,000  B.Th.U.  per  lb.,  heating  slabs  of  1,760  lb.  each 
showed  a  fuel  consumption  of  117  lb.  per  net  ton  of  steel  heated  with 
properly  dried  coal,  as  compared  with  172  lb.  with  undried  coal.  The 
average  output  of  the  furnace  when  using  the  dried  coal  was  ten 
slabs  per  hour,  as  compared  with  eight  when  using  undried  coal. 

These  results  show  clearly  that  it  is  best  to  use  properly  pulverised 
and  dried  coal. 

The  advantages  gained  by  the  use  of  pulverised  coal  in  this  branch 
of  the  industry  are  as  follows: — 

1.  Reduction  in  fuel  cost  per  ton  of  steel  heated. 

2.  More   uniform   heating,    and   corresponding   reduction   in   roll 
breakage. 

3.  Increased  output  due  to  better  heating. 

4.  Lower  cost  of  furnace  installation  and  maintenance. 

BILLET,   BAR  AND   BLOOM   RE-HEATING   FURNACE 

Pulverised  coal  is  being  used  successfully  for  this  work  in  many 
furnaces,  both  of  the  hearth  type  and  the  continuous  type. 

Hearth  Type 

The  usual  design  for  the  sand-bottom  hearth-type  furnace  is  shown 
in  Fig  7. 

At  one  plant  where  the  furnaces  were  changed  from  oil-firing  to 
pulverised  coal  the  output  was  greatly  increased,  and  the  fuel 
comparison  was  as  follows: — 

Fuel  oil  per  gross  ton  of  steel  heated,  from  27  to  36  gal. 

(average  31  gal.)  (U.S.) 
Pulverised  coal   13,500  B.Th.U.  per  lb.,  per  gross  ton  of 

steel  heated  (Average  254  lb.) 
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At  another  plant,  where  the  furnaces  are   producer-gas-fired,  the 
fuel  consumption  per  gross  ton  of  steel  heated  is  465  lb.  of  coal. 


Fig.   7. — Bar  Mill  Heating  Furnace. 


Continuous  Type 

One  furnace  installation  heating  slabs  and  blooms  weighing  450 
to  1,000  lb.  each  used  only  151  lb.  of  pulverised  coal  (13,400  B.Th.Uj 
per  lb.)  per  gross  ton  of  steel  heated.  The  best  fuel  consumption  in 
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o  o  o 


Fig.  8. — Continuous  Billet  Furnace. 


this  plant,  under  test,  has  been  143  lb.  of  pulverised  coal  per  gross 
ton  of  steel  heated. 

Another  furnace,  8|  ft.  wide  by  35  ft.  long,  heating  materials  from 
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4  to  9  in.  square  and  from  4  to  8  ft.  long,  showed  an  average  fuel 
consumption  over  a  period  of  about  a  year,  of  from  150  to  175  lb. 
of  pulverised  coal  (12,750  B.Th.U.  per  lb.)  per  gross  ton  of  steel 
heated. 

ROD   RE-HEATING   TUNNEL  FURNACES 

Pulverised  coal  is  in  successful  use  on  this  type  of  furnace  with  the 
combustion  chamber  built  up  over  the  discharge  end  of  the  furnace. 

On  rods  f  or  f  in.  in  diameter  and  28  ft.  long,  in  a  furnace  having 
a  hearth  2  ft.  wide  by  30  ft.  long,  the  output  was  over  12  tons  per 
ten-hour  day  when  fired  with  natural  gas,  and  about  15  tons  after 
changing  to  pulverised  coal  firing.  The  consumption  of  pulverised 
coal,  which  had  a  heat  value  of  about  12,750  B.Th.U.  per  lb., 
averaged  500  lb.  per  gross  ton  of  steel  heated.  Furnaces  having 
hearths  of  5  ft.  1\  in.  X  4  ft.  3|  in.,  and  feeding  spike  and  bolt 
machines,  produce  5  tons  in  10  hours,  when  using  natural  gas,  as 
compared  with  6  tons  after  changing  to  pulverised  coal;  825  lb.  of 
coal  of  12,715  B.Th.U.  per  lb.  are  used  per  gross  ton  of  steel  heated. 

In  this  class  of  work  the  advantages  are: — 

1 .  Reduced  fuel  cost. 

2.  Increased  output. 

3.  Lower  maintenance. 

STEEL   RAIL   RE-HEATING   FURNACES 

The  re-heating  of  old  railroad  rails  is  of  considerable  interest  owing 
to  the  high  carbon  content  and  the  variety  of  the  product.  Plants 
doing  this  work  generally  use  furnaces  of  the  continuous  type,  and 
pulverised  coal  for  fuel.  A  few  plants  use  other  fuels,  however. 
There  are  installations  of  the  following  types: — 

1.  Bin  system  pulverised  coal. 

2.  Direct-fired  system  pulverised  coal. 

3.  Old-style  hand-fired  coal  furnaces. 

Hand-firing  practice,  using  a  good  grade  of  coal,  requires  440  lb. 
per  gross  ton  of  rails  heated,  and  with  pulverised  coal,  fired  direct 
(without  drying)  the  fuel  consumption  is  about  260  to  310  lb.  per 
gross  ton  heated. 

In  one  installation  in  which  the  coal  is  first  dried  by  passing  through 
a  vertical  stationary  type  dryer  using  the  waste  gases  from  the 
furnace  to  carry  away  the  moisture,  and  is  then  pulverised  finer 
than  in  other  plants,  the  fuel  consumption  per  gross  ton  of  steel 
heated  is  200  lb.  of  coal,  having  a  heat  value  of  12,700  B.Th.U.  per 
lb.    The  furnace  used  in  this  installation  is  shown  in  Fig.  9. 
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The  ash  as  formed  in  this  furnace  is  practically  all  in  slag  formation, 
and  collects  on  the  floor  of  the  combustion  chamber,  running  along 
toward  the  burner  wall,  then  dropping  over  the  edge  and  falling 
down  to  the  ash  pit  floor  in  small  lumps,  which  are  easily  removable. 
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The  changes  which  were  made  in  this  furnace  to  convert  it  from 
hand-firing,  for  which  it  was  originally  built,  to  pulverised  coal- 
firing,  consisted  in  lengthening  the  combustion  chamber  and  putting 
on  a  new  roof  of  a  flat  suspended  type  instead  of  the  sprung  arch 
roof   originally  installed.    The   change   to   pulverised   coal   firing, 
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combined  with  the  more  efficient  roof  design,  increeised  the  output 
from  sHghtly  iinder  1 0  tons  per  hour  with  hand-firing  to  more  than 
16  tons  per  hour  with  pulverised  coal-firing. 

The  advantages  of  pulverised  coal  for  this  class  of  work  are  as 
follows: — 

1.  Reduction  in  fuel  consumption,  and  consequently  in  fuel  cost, 
per  ton  of  steel  heated. 

2.  Increase  in  furnace  output. 

3.  Lower  maintenance  on  rolls  due  to  better  heating  of  steel. 

4.  Lower  furnace  maintenance  due  to  more  imiform  distribution 
of  the  heat. 

FORGE   FURNACES— RE-HEATING  STEEL  INGOTS 

These  furnaces  are  usually  of  the  reversing-regenerative  type.  In 
one  such  plant,  where  the  fuel  was  changed  from  producer-gas  to 
pulverised  coal,  the  fuel  consumption  on  pulverised  coal  was  270  lb. 
per  ton  of  steel  heated,  as  compared  with  310  lb.  of  coal  when  using 
producer  gas.  The  furnace  was  operating  on  ingots  about  10  to  14 
in.  sq.  by  60  in.  long.  The  regenerator  chambers  had  been  filled 
with  small  flues  instead  of  the  checker  bricks  used  for  producer- 
gas-firing. 

The  principal  advantages  in  the  change  of  fuel  at  this  installation 
were: — 

1.  Reduction  in  fuel  cost  per  ton  of  steel  heated. 

2.  Simplicity  of  equipment. 

3.  More  uniform  heating,  as  the  pulverised  coal  gives  a  softer  heat 
than  the  natural  gas. 

SHEET  MILLS   HEATING   FURNACES 

There  have  been  many  pulverised  coal  installations  in  this  industry, 
and  pulverised  coal  is  to-day  in  successful  use  alike  for  high-grade, 
full-finish  and  ordinary  sheets.  Combination  sheet  and  pair  heating 
furnaces  on  ordinary-finish,  or  tight  iron,  are  successfully  producing 
sheets  with  160  to  180  lb.  of  pulverised  coal  per  net  ton  of  sheets, 
as  compared  to  240  lb.  with  stokers  and  400  lb.  when  hand-fired. 

Pair  Heating  Furnaces 

Continuous  type  pair  heating  furnaces  are  in  general  use  and  give 
exceptionally  good  results.  With  stoker-firing  the  fuel  consumption 
is  approximately  300  lb.  of  coal  per  net  ton  of  bars  heated,  and  with 
pulverised  coal-firing  the  fuel  consumption  per  net  ton  averages 
200  lb.     In  one  eight-hour  turn,  one  mill,  using  pulverised  coal, 
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heated  and  rolled  400  pairs  of  bars  8  in.  X  i  in.  X  36  in.,  weighing 
16,320  lb.,  and  put  1,600  sheets,  30  ga.,  36  in.  X  72  in.,  weighing 
1 1 ,780  lb.,  into  warehouse  without  any  wasters  or  cut-downs.    The 
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Fig.    11. — Comparative   Calories  per  penny. 

same  mill  heated  744  pairs  weighing  22,989  lb.    On  another  eight- 
hour  turn,  and  on  a  third  it  heated  546  pairs  weighing  23,840  lb. 
Sheet  furnaces  of  the  double  chamber  type  are  operating  ^uccess- 
fully  on  pulverised  coal,  with  an  average  fuel  consumption  of  151  lb. 
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of  pulverised  coal  per  net  ton  of  sheets  heated.  Based  on  coal  at 
$4.00  per  net  ton  delivered,  one  pulverised-coal-fired  plant  showed 
an  average  monthly  coal  cost  of  $15,980,  as  compared  with  $24,000 
at  another  plant  which  used  hand-and-stoker-fired  furnaces.  With 
only  eight  mills,  the  plant,  using  pulverised  coal  as  fuel,  produced 
practically  the  same  tonnage  as  the  other,  where  nine  miUs  were 
operated.  At  the  pulverised-coal-fired  plant  356  lb.  of  coal  per  net 
ton  of  steel  heated  were  required  for  sheet-and-pair-heating  and 
anneahng.  The  above  results  were  all  obtained  on  the  production 
of  tight  or  ordinary  finished  sheets.  For  the  production  of  full- 
finished  high-grade  sheets  specially  designed  furnaces  are  required, 
and  the  fuel  consumption  is  slightly  higher. 

ANNEALING   FURNACES 
The  use  of  pulverised  coal  is  a  proven  success  in  the  sheet  industry. 

Open  Type 
Some  continuous  furnaces  for  blue-finished  sheets  have  been  in- 
stalled and  are  successfully  fired  with  pulverised  coal  through  a 
combustion  chamber  built  over  the  feed  or  incoming  end  of  the 
furnace.  The  fuel  consumption  of  this  type  of  furnace  runs  about 
90  to  120  lb.  per  net  ton  of  sheets  heated. 

.  There  are  a  few  small  hearth-type  blue-anneal  furnaces  in  operation, 
fired  with  pulverised  coal,  but  this  type  furnace  is  of  relatively  low 
capacity. 

Box  Type 

There  are  many  installations  of  double  chamber  furnaces,  both 
single-  and  double-box,  using  pulverised  cocd  as  fuel,  and  these  are 
operating  on  ordinary-finish  and  full-finish,  as  well  as  on  electric- 
steel  sheets.  The  fuel  consiunption  runs  about  140  to  185  lb.  of 
pulverised  coal  per  net  ton  of  sheets  annealed.  The  ash  from 
pulverised  coal  in  this  type  of  furnace  is  always  in  dry  form,  there 
being  no  slag  formed.  There  is  a  considerable  saving  in  box  renewals 
with  pulverised  coal  firing. 

Stoker-fired  annealing  furnaces  use  approximately  320  lb.  of  coal 
per  net  ton  of  sheets  annealed.  Some  gas-fired  furnaces  are  in  use, 
but  any  advantages  they  may  have  are  off-set  by  compHcation  of 
operation  and  cost  of  installation. 

Advantages  of  pulverised  coal  firing  in  the  sheet  industry  are 
as  follows: — 

1 .  Reduction  in  fuel  cost  per  ton  of  product. 

2.  Ability  to  use  low  grade  coal  when  necessary. 
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Fig.  12. — Comparative  Heat  Units  per  one  cent. 


3.  Increased  production  due  to  better  heating  and  flame  control. 

4.  Reduction  of  outage  or  time  lost  cleaning  fires. 

5.  Elimination  of  stand-by  loss  and  reduction  in  fuel  expended 
warming  furnaces. 

6.  Reduction  in  roll  maintenance  due  to  ability  to  operate  con- 
tinuously and  thus  prevent  damage  to  rolls  from  cooling  while 
furnace  fires  are  being  cleaned. 
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GALVANISING   AND   TINNING   KETTLES 

Some  work  has  been  done  on  these  furnaces,  but  owing  to  the  small 
fuel  need  per  furnace  it  has  been  found  more  economical  to  continue 
to  use  liquid  or  gaseous  fuel.  However,  when  the  industry  warrants 
there  will  be  no  difficulty  in  adding  pulverised  coal  firing  to  these 
furnaces,  as  sufficient  work  has  already  been  done  to  demonstrate 
the  successful  use  of  pulverised  coal. 

ORE   SINTERING 

Some  very  satisfactory  work  has  been  done  in  connection  with 
firing  Dwight  and  Lloyd  machines  with  pulverised  coal.  The  needs 
are  small,  however,  and  at  present  the  industry  does  not  warrant 
the  investment  necessary. 

MISCELLANEOUS  USES 

There  have  been  apphcations  of  pulverised  coal  to  other  branches 
of  the  industry,  and  in  general  it  can  be  said  that  pulverised  coal  is 
the  successful  fuel  in  all  these  operations.  Some  of  the  general 
advantages  gained  by  using  pulverised  coal  in  other  branches  are: — 

1.  Due  to  its  fineness,  it  is  mixed  with  air  more  readily. 

2.  Labour  for  firing  is  less  than  with  stokers  or  hand-firing, 

3.  Poorer  grades  of  coal  may  be  used. 

4.  High  temperatures  can  be  obtained  easily,  and  the  quantity 
of  excess  air  required  is  less  than  in  stoker-  or  hand-fired  in- 
stallations. 

5.  Low  temperatures  at  high  efficiency  of  combustion  can  be 
obtained  by  proper  design. 

6.  A  simpler  burner  is  used  with  pulverised  coal  than  with  fuel 
oil  or  gas. 

7.  Lesser  cost  as  compared  with  fuel  oil. 

8.  Ability  to  secure  any  type  of  flame,  from  highly  oxidising  to 
intensely  reducing. 

9.  Lower  furnace  maintenance  resulting  from  the  relatively  softer 
heat  produced  by  pulverised  coal,  as  compared  with  other  fuels. 

10.  Furnace  construction  is  more  simple. 

RÉSUMÉ 

L'emploi  du  poussier  de  houille  dans  la  métallurgie  attire  beaucoup  d'atten- 
tion à  présent  à  cause  du  besoin,  constamment  croissant,  d'abaisser  les  frais 
de  fabrication;  ce  besoin  impose  aux  directeurs  et  aux  ingénieurs  l'obliga- 
tion d'obtenir  le  meilleur  rendement  de  leur  combustible.  A  peu  près  200 
établissements  emploient  le  poussier  de  houille  et  ce  nombre  va  en  croissant. 
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L'impulsion  à  cet  emploi  a  été  donnée  par  le  perfectionnement  de  l'installation 
résultant  de  l'adoption  rapide  du  poussier  de  houille  par  les  sociétés  produc- 
trices d'électricité  et  de  gaz  dans  ces  dernières  années.  Les  établissements 
industriels  ne  se  sont  sentis  assez  riches  pour  acheter  toutes  les  machines  qu'em- 
ploient les  sociétés  de  service  public,  mais  le  perfectionnement  des  machines  à 
préparation  a  rendu  possible  d'obtenir  des  machines  de  construction  simple  et 
forte,  qui  peuvent  être  maniées  par  la  main-d'œuvre  ordinaire  des  établisse- 
ments métallurgiques. 

La  simplicité  de  la  construction  a  beaucoup  diminué  les  frais  de  préparation 
et  de  transport  du  poussier  de  houille.  La  diminution  de  la  consommation  de 
combustible  par  tonne  de  matières  traitées  ou  produites,  due  à  un  meilleur 
contrôle  de  la  flamme,  fait  du  poussier  de  houille  le  meilleur  combustible  pour 
beaucoup  d'opérations  métallurgiques.  C'est  le  perfectionnement  des  machines 
qui  a  permis  de  tenir  propres  les  établissements  en  activité  tous  les  jours, 
chose  importante  parce  que  par  là  s'enlève  le  fléau  de  la  poussière,  si  nuisible 
à  la  santé  et  aux  environs. 

Bien  nettoyée  et  pulvérisée,  la  gazéification  de  la  houille  pendant  la  combus- 
tion est  presque  complète.  A  cause  de  leur  petitesse,  les  particules  reçoivent 
l'air  nécessaire  beaucoup  plus  facilement  que  ne  le  fait  le  combustible  non 
pulvérisé,  et,  par  conséquent,  la  quantité  d'air  en  excès  nécessaire  est  au 
minimum.  Une  combustion  plus  efficace  se  produit  aussi  parce  qu'il  est  possible 
d'obtenir  les  conditions  de  flamme  voulues,  de  la  fort  oxydante  jusqu'à  la 
fort  réduisante,  au  moyen  d'un  meilleur  contrôle  de  l'alimentation  de  com- 
bustible et  d'air.  On  a  aussi  trouvé  que  le  poussier  de  houille  donne  une 
chaleur  plus  pénétrante  et  plus  douce,  ce  qui  est  très  nécessaire  dans  beaucoup 
de  branches  de  la  métallurgie. 

Les  avantages  de  l'emploi  du  poussier  de  houille  dans  la  métallurgie  sont,  en 
général,  comme  suit: 

1.  Diminution  des  frais  de  combustible  par  tonne  de  matières  traitées. 

2.  Diminution  des  frais  initiaux  d'installation  des  fourneaux. 

3.  Diminu  ion  des  frais  d'entretien  des  fourneaux. 

4.  Diminution  des  frais  d'exploitation  et  de  réparations  des  machines,  due 

au  meilleur  chauffage. 

5.  Diminution  de  la  perte  en  métal  dans  les  fourneaux. 

6.  Accroissement  du  rendement. 

7.  Diminution  du  travail  de  chargement  et  de  dégarnissage  des  cendres. 

8.  Elimination  des  additions  nuisibles  en  carbone  et  soufre  au  produit. 

9.  Elimination  du  fléau  de  la  fumée. 

10.  Conservation  de  nos  ressources  de  combustibles. 
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contents 

combustion  of  pulverised  anthracite  culm combustion  of 

brown  coal  and  oil  shales  in  pulverised  form comparison 

of  different  furnaces zusammenfassung 

Combustion  of  Pulverised  Anthracite  Culm 

Seven  power-generating  plants  for  using  pulverised  fuel  are  at 
present  either  in  design  or  under  construction  in  the  U.S.S.R. 
The  table  hereunder  shows  the  respective  capacity  of  every  station 
and  indicates  the  kind  of  fuel  employed  (individual  industrial 
plants  not  incorporated). 


Denomination  and 

Proposed  capacity 

location  of  plant. 

Kind  of  fuel. 

by  Jan.  1,  1932 
in  kW. 

Shterov 

Anthracite  culm 

108,000 

Eskhar,  near  Tchiiguef 

Lisitchansk  coal  and  its 

semi-coke 

44,000 

Shahta  Donbass 

Anthracite  culm 

44,000 

Kiev 

Lean  coal 

22,000 

Saratov 

Anthracite   culm 

10,000 

Tcheliabinsk 

Tcheliabinsk  brown 

coal 

44,000 

Kashira 

Sub-Moscow  brown 

coal 

122,000 

Total    ... 

394,000 
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As  may  be  seen  from  the  table,  three  of  the  stations  are  to  use 
anthracite  culm.  The  general  interest  in  pulverised  anthracite 
combustion  aroused  in  Soviet  engineering  circles  is  quite  natural, 
especially  since  few  researches  have  as  yet  been  directed  that  way, 
despite  the  great  importance  of  the  problem  under  present  Russian 
conditions. 
The  numerous  analyses  made  by  the  Thermo-Technical  Institute 
reveal  the  proximate  analysis  of  Russian  anthracite  culm  to  be 
as  follows  :  — 

Content  of  moisture=8.5  per  cent. 

Content  of  ash  in  dry  fuel^lS  per  cent. 

Volatiles  in  combustible  matter=5.5  per  cent. 

Gross  calorific  value  in  terms  of  combustible  matter^8,020 

^    cal./Kg. 

Net  calorific  value   in   terms  of   combustible   matter=7.910 
cal./Kg. 

The  composition  of  the  combustible  matter,  viz.,  moisture  and 
ash-free  fuel,  is  as  follows  : — 

C=93.0  per  cent. 
H=  2.0 

N=  0.8 
0=  2.7 
S=    1.5 

Thus,  the  gross  calorific  value  as  fired^=6,015;  the  net  calorific 
value=5,890  cal./Kg. 

Hence,  it  will  be  seen  that  this  fuel  contains  very  little  volatile 
matter,  is  rich  in  ash,  and  contains  a  rather  considerable  percentage 
of  moisture,  up  to  12  per  cent. 

The  first  material  attempt  to  investigate  the  problem  of  the 
combustion  of  anthracite  culm  was  made  by  Prof.  V.  J.  Khudiakov, 
who  started  a  series  of  experiments  on  the  combustion  of  Russian 
anthracite  culm  in  March  1925.  These  tests  were  conducted  at 
the  experimental  station  of  the  General  Electric  Co.,  in  Berlin, 
under  a  water-tube  boiler  of  Messrs.  Borsig  with  heating  surface 
of  197  sq.  m.  Some  initial  handicaps  connected  with  attempts  to 
ignite  anthracite  culm  in  a  cold  furnace  were  easily  overcome  by 
pre-heating  the  boiler  with  another  kind  of  fuel  and  steady  com- 
bustion of  pulverised  anthracite  ensued  as  the  ultimate  result. 
However,  Table  I  gives  evidence  to  the  effect  that  with  the 
given  fineness  of  grinding  and  heat  liberation  per  unit  of  furnace 
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volume  then  available,  the  experiments  resulted  in  considerable 
w^aste,  due  to  mechanical  incompleteness  of  combustion,  viz., 
10.5  per  cent.,  while  the  excess  of  air  behind  the  boiler  v\^as  rather 
high,  viz.,  1.45  times  the  theoretical  requirement.  The  compara- 
tive efficiency  of  the  furnace,  without  due  allowance  being  made 
for  auxiliary  power  consumed,  is  82.5  per  cent.,  while  the  gross 
overall  efficiency  of  the  whole  installation  stands  at  the  compara- 
tively low  figure  of  79.5  per  cent.  Nevertheless,  we  are  in  a  position 
to  say  that  the  experiments  carried  out  have  fully  proved  the 
possibility  of  steady  combustion  of  Russian  anthracite  culm. 

Another  and  more  thorough  experimental  research  on  culm 
combustion  is  to  be  found  in  the  tests  of  the  Thermo-Technical 
Institute,  undertaken  in  1926.  These  may,  with  justice,  be  called 
the  pioneer  experiments  on  anthracite  culm  combustion  in  the 
U.S.S.R.  Tests  were  made  under  a  Babcock  &  Wilcox  horizontal 
water-tube  boiler,  with  a  heating  surface  of  166  sq.  m.  and  a 
combustion  chamber  of  28  cu.  m.  capacity.  The  "Atritor"  mill 
No.  16,  manufactured  by  Messrs.  Alfred  Herbert  &  Co.  in  its 
original  design,  was  also  incorporated  in  the  equipment.  The 
first  series  of  tests  was  conducted  at  high  rates  of  combustion 
and  a  somewhat  too  rough  grinding  of  anthracite  culm  with  regard 
to  the  particular  kind  of  fuel. 

In  contrast  to  the  experiments  at  the  works  of  the  General 
Electric  Co.,  where  culm,  previous  to  grinding,  was  dried  down  to 
a  moisture  content  of  0.35  per  cent. — the  experiments  of  the 
Thermo-Technical  Institute  were  conducted  without  any  pre- 
liminary drying  of  culm,  which  entered  the  Atritor  mill  while 
carrying  8  to  12  per  cent,  moisture.  Notwithstanding  such 
a  high  percentage  of  moisture,  the  passing  of  hot  air  through 
the  mill  at  temperatures  of  200°  to  270°C.  secured  satisfactory 
grinding  of  the  anthracite.  The  economic  results,  however, 
proved  not  quite  satisfactory,  since,  as  seen  by  Table  I,  the  losses 
through  mechanical  incompleteness  of  combustion  were  high  and 
showed  a  marked  increase  at  high  combustion  rates.  This  was 
due  to  insufficient  fineness  of  grinding  and  a  series  of  deficiencies 
in  the  furnace  design,  which  were  subsequently  eliminated.  The 
coefficient  of  air  excess  fluctuated  between  1.13  and  1.19.  The 
efficiency  of  the  furnace  was  83  per  cent.,  at  a  rating  of  133 
thousands  of  calories  per  cubic  metre  per  hour. 

The  above  series  of  experiments  has  supplied  numerous  data 
which  can  be  used  in  the  solution  of  the  problem  of  anthracite 
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culm  combustion.  The  subsequent  studies  of  the  Thermo- 
Technical  Institute  based  on  these  data  have  now  produced  excel- 
lent results,  which  will  be  discussed  below. 
The  Shterov  Regional  generating  plant,  using  anthracite  culm, 
has  been  recently  erected  and  put  in  operation.  As  its  exploita- 
tion is  only  being  developed  at  present,  some  preliminary  operating 
results  have  been  obtained  by  the  Thermo-Technical  Institute 
when  testing  the  installation  in  February-March,  1928. 

The  pulverised  fuel  equipment  of  the  Shterov  station  has  been 
manufactured  by  the  French  firm  "Combustion  Rationelle,"  and 
is  characterised  by  the  following  data  : — Babcock  &  Wilcox  water- 
tube  boiler  of  cross-drum  type,  heating  surface  610  sq.  m.  ;  heating 
surface  of  the  superheater  205  sq.  m.  ;  air  pre-heater  surface  865 
sq.  m.  ;  the  combustion  chamber  of  the  boiler  has  a  volume  of 
about  179  cu.  m.  ;  the  total  height  of  the  furnace  is  about  12  m. 
Each  furnace  is  fitted  with  two  ignition  chambers,  each  of  which 
has  two  burners  of  the  Combustion  Rationelle  system. 

The  three  boilers  having  the  described  equipment  are  fitted  with 
a  central  preparation  system  consisting  of  two  Guillard  dryers  and 
two  Hardinge  ball  mills.  The  transport  of  powdered  coal  from 
the  pulverising  device  to  the  boiler  house  is  performed  by  means 
of  Fuller-Kinyon  pumps. 

The  main  cross  section  of  the  furnace  is  represented  in  Fig.  1, 
while  the  general  appearance  of  the  boiler  is  to  be  found  in  a 
photograph,  Fig.  2. 

Besides  the  above  three  boilers,  one  boiler  of  the  same  dimen- 
sions is  supplied  with  three  Kofino  mills  from  Krupp's  works, 
and  has.  therefore,  a  unit  pulverising  system  in  lieu  of  the  central 
Combustion  Rationelle  contrivance.  Moreover,  two  boilers  of  the 
same  size  are  fitted  with  temporary  hand-fired  furnaces. 

The  operation  of  the  above  Combustion  Rationelle  pulverising 
equipment  has  been  but  recently  started,  and  the  data  available 
are  thus  confined  to  those  obtained  from  six  experiments  carried 
out  by  the  Thermo-Technical  Institute  at  the  Shterov  station. 
These  data  are  summed  up  in  Table  I. 

From  this  table  it  may  be  seen  that  the  coefficient  of  air  excess 
behind  the  boiler  was  1.332  and  the  loss  through  mechanical  in- 
completeness of  combustion  was  10.5  per  cent.,  while  the  fineness 
of  grinding  corresponded  to  25  per  cent,  remaining  on  a  sieve 
having  4,900  meshes  per  sq.  cm.  ;  the  rate  of  heat  liberation  per 
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Fig.  1. 

Main  cross-section  of    furnace   for  pulverised  anthracite  at  the  Shterov 

Generating    Plant    (Donbass). 
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unit  furnace  volume  was  103,000  calories  per  cubic  metre  per 
hour.  Therefore  the  comparative  efficiency  of  the  furnace  was 
81.4  per  cent. 

During  the  experiments,  the  energy  consumption  on  grinding 
could  not  be  determined  owing  to  incompleteness  of  the  station 
equipment.  For  February,  the  monthly  total  energy  consumption 
for  pulverisation  averaged  about  32  kWh.  per  ton  anthracite 
ground.  This  figure  cannot  be  regarded  as  fully  representative, 
since  the  pulverising  equipment  was  not  wholly  adapted  and  was, 
moreover,  operating  at  low  capacity,  so  that  this  expenditure  may 
be  expected  to  drop  to,  say,  28  kWh.  per  ton. 

The  Hardinge  mill  was  operating  at  an  average  capacity 
fluctuating  in  the  neighbourhood  of  6  tons  anthracite  per 
hour,  the  moisture  content  of  the  anthracite  being  about 
1  per  cent,  before  feeding  into  the  mill.  The  rhaximum  capacity 
obtained  amoiuited  to  7  tons  per  hour,  the  estimated  capacity  of 
the  mill  being  9  tons  per  hour  for  bituminous  coal.  The  energy 
consumption  of  a  Hardinge  mill  is  about  22  kWh.  per  ton,  with 
mean  fineness  of  grinding  characterised  by  27.5  per  cent,  remain- 
ing on  a  sieve  with  4,900  meshes  per  sq.  cm.  and  36.5  per  cent, 
remaining  on  a  sieve  having  6,400  meshes  per  sq.  cm.  During 
the  tests,  the  moisture  of  the  powdered  anthracite  when  fed  into 
the  furnace  was  1.3  per  cent. 

As  seen  from  Fig.  1  the  "Combustion  Rationelle"  furnace  is  not 
supplied  with  any  water  screens  so  that  the  cooling  of  the  clinker 
is  effected  by  cold  air  admitted  to  the  ash  chamber. 

The  hot  air  from  the  air  pre-heaters  was  introduced  into  the 
ignition  chambers  at  temperatures  of  120°  to  175°C.,  while  all  the 
remaining  air  was  admitted  into  the  furnace  without  being  pre- 
liminarily subjected  to  pre-heating. 

At  such  air  excess  no  trouble  in  removing  clinker  was  experi- 
enced, since  the  latter,  when  dropping  to  the  ash  chamber,  was 
already  cool  and  fell  in  separate  grains  through  an  ash  funnel  to 
a  tip  wagon  with  water.  Nevertheless,  the  air  excess  dropped  by 
reducing  the  amount  of  cold  air  admitted  to  the  ash  chamber 
while  raising  the  furnace  temperature,  and  caused  at  the  same  time 
the  melting  of  clinker  on  the  combustion  w^alls  as  well  as  in  the 
ash  chamber  proper.  On  the  whole,  the  removal  of  ash  could  have 
been  considered  satisfactory,  quite  a  negligible  amount  of  clinker 
and  ash  gathering  in  the  ash  chamber  as  usual,  while  the  main 
mass  was  discharged  with  the  flue  gases. 
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Fig.  2. 

General   appearance  of   boiler  working  on   pulverised  anthracite^  Shterov 
Generating   Plant   (Donbass). 
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As  may  be  seen  from  the  experimental  results,  high  loss,  averaging 
10  per  cent,  and  due  to  mechanical  incompleteness  of  combustion, 
is  again  the  most  substantial  cause  of  waste.  Just  as  in  previous 
experiments,  it  is  due  to  the  escape  of  unburnt  particles  with  the 
flue  gases. 

The  fourth  boiler  of  the  Shterov  station  fitted  with  Kofino  mills 
constitutes  a  unit  system.  It  has  three  Kofino  mills  with  a  normal 
capacity  of  one  ton  per  hour  each.  When  operated  with  anthracite, 
their  actual  output  reached  only  about  0.8  tons  per  hour  each,  the 
energy  expended  being  approximately  45  kWh.  per  ton  of  anthra- 
cite ground,  while  the  moisture  content  was  3  to  4  per  cent.  At 
rates  of  heat  liberation  in  the  neighbourhood  of  90,000  calories 
per  cubic  metre  per  hour,  the  coefficient  of  air  excess  behind  the 
boiler  was  about  1.35. 

As  all  the  figures  above  quoted  relating  to  unit  Kofino  mill 
installations  are  drawn  from  preliminary  experiments  at  the 
station  itself,  the}'  should  be  regarded  only  as  rough  approxima- 
tions. These  data  clearly  show  that,  in  order  to  improve  the 
completeness  of  pozvdered  anthracite  combustion,  the  fineness  of 
grinding  should  he  increased  and  a  moderate  rate  of  combustion 
per  unit  volume  of  furnace  adopted. 

Following  the  above  line  of  reasoning,  the  Thermo-Technical 
Institute  performed  some  very  simple  remodelling  of  the  available 
No.  16  Atritor  mill,  so  that  it  gave  only  an  11  per  cent,  remainder 
on  a  4,900  mesh  sieve,  which  approximately  corresponds  to  a 
remainder  of  about  14  to  15  per  cent,  on  a  standard  American 
sieve  No.  200.  The  residuum  on  a  screen  with  900  meshes  per 
sq.  cm.  did  not  exceed  0.5  per  cent.  In  this  instance^  the  energy 
consumption  on  grinding  was  certainly  increased. 

Further,  some  alterations  in  the  installation  of  the  vertical  round 
Alfred  Herbert  burners  were  made  and  the  regulation  of  air 
admission  was  improved,  the  work  being  done  with  hot  air  passed 
through  the  mill  and  through  the  burners  at  a  temperature  of 
about  225°C. 

The  general  appearance  of  the  experimental  plant  of  the  Thermo- 
Technical  Institute  with  small  horizontal  Babcock  &  Wilcox  boiler 
(heating  surface — 166  sq.  m.)  is  given  in  Fig.  3. 

A  series  of  tests  recently  carried  out  with  that  plant  gave 
excellent  results  as  regards  efficiency  of  combustion,  as  may  be 
seen  in  Table  I,  at  an  average  rate  of  heat  liberation  per  unit 
furnace  volume  of  about  110,000  calories  per  cubic  metre  per 
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Fig.  3. 

General    appearance    of    the    experimental    installation    at    the    Thermo- 

Technical   Institute  with  Babcock  &  Wilcox  horizontal  water-tube  boiler, 

having  a  l66m.2  heating  surface  and  supplied  with  pulverised  fuel  furnace 

with  water  screen. 
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hour.  It  was  found  possible  to  operate  the  plant  with  a  coefficient 
of  air  excess  behid  the  boiler  of  1.36,  losses  through  mechanical 
incompleteness  of  combustion  being  very  low,  namely,  2.1  per  cent. 
Thus,  the  furnace  efficiency  was  90.6  per  cent.,  which  corresponds 
to  an  installation  efficiency  of  87.6  per  cent.,  radiation  losses 
amounting  to  3  per  cent. 

It  is  essential  to  note  that  we  succeeded  in  carrying  out  success- 
fully the  combustion  of  anthracite  containing  up  to  12  per  cent, 
moisture,  attaining  at  the  same  time  very  fine  grinding,  as  has 
been  mentioned  above. 

Thus,  the  latest  experiments  of  the  Thermo-Technical  Institute 
have  traced  the  path  to  an  ultimate  solution  of  the  problem 
regarding  the  combustion  of  pulverised  anthracite  culm,  having 
at  the  same  time  brought  to  light  the  fundamental  requirements 
of  its  efficient  combustion. 

Available  data  concerning  the  combustion  of  anthracite  culm 
allow,  thus  far,  the  following  conclusions  to  be  drawn  : — 

(1)  For  the  efficient  combustion  of  anthracite  culm,  the  grinding 
should  have  a  fineness  characterised  by  10  to  12  per  cent,  remain- 
ing on  a  sieve  with  4,900  meshes  per  sq.  cm.,  or  no  more  than 
15  per  cent,  on  the  standard  American  sieve  No.  200;  no  coarse 
particles  should  be  present,  i.e.,  the  remainder  on  a  sieve  with  900 
meshes  per  sq.  cm.  (American  sieve  No.  65)  should  not  exceed 
0.5  per  cent. 

(2)  In  the  case  of  anthracite  culm  combustion,  the  rate  of  heat 
liberation,  Q/V  should  not  be  greater  than  110,000  to  130,000 
calories  per  cubic  metre  per  hour;  the  most  advisable  limits  lying 
within  100,000  to  110,000  calories  per  cubic  metre  per  hour.  This 
is  proposed  to  avoid  both  an  increase  in  losses  through  mechanical 
incompleteness  of  combustion  and  a  rapid  slagging  of  tubes, 
especially  those  of  the  first  row,  by  ash  and  clinker,  which  are 
particularly  liable  to  cause  choking  in  case  of  low  softening 
temperatures  peculiar  to  ash  and  clinker  of  many  grades  of 
Russian  anthracite  culm. 

(3)  It  is  desirable  to  maintain  the  combustion  of  anthracite  culm, 
using  hot  air  at  a  temperature  not  lower  than  200  to  250°C. 

(4)  Under  these  conditions  it  becomes  possible  to  install  a  water 
screen  in  the  bottom  of  the  furnace  in  order  to  improve  the  cooling 
of  clinker,  and  it  is  likely  that  a  further  rise  of  the  blast  tempera- 
ture will  allow  simultaneously  extension  of  the  cooling  surface 
in  the  furnace.     In  order  to  reduce  the  slagging  of  tubes  it  would 

447 


PULVERISED  FUEL 

be  desirable  to  increase  the  inlet  passages  for  the  gases  entering 
the  first  pass  of  the  boiler  by  opening  the  first  row  of  tubes  all 
along  their  length,  as  is  the  practice  with  marine  type  boilers, 
as  opposed  to  the  baffling  of  boilers  as  carried  out  in  the  Thermo- 
Technical  Institute.  For  the  same  purpose  it  is  also  desirable  to 
set  the  tubes  in  the  first  rows  rather  far  apart. 

Mills 

According  to  the  experience  of  American  installations,  the 
Raymond  roller  mills  and  the  Fuller  mills  are  unsuitable  for 
grinding  anthracite  culm,  owing  to  excessive  wear  and  tear  of 
the  working  parts  of  the  mill  and  considerable  consumption  of 
energy  in  consequence.  This  has  been  verified  by  special  experi- 
ments carried  out  in  Germany  by  Professor  Khudiakov  with  a 
Raymond  mill.  From  these  experiments  it  ma}'  be  seen  that  the 
output  of  the  mill  when  grinding  anthracite  culm  is  about  one  half 
of  what  it  is  in  the  case  of  bituminous  coals  ;  the  energy  consump- 
tion per  ton  of  anthracite  ground  rises  to  37.5  kWh.,  the  remainder 
on  a  4,900  sieve  averaging  10  per  cent. 

Furthermore,  Professor  Khudiakov  has  performed  analogous 
experiments  with  a  Lösche  pulveriser,  which  may  be  described 
as  a  roller  mill  with  three  rollers  pressed  to  the  grinding  ring  by 
means  of  springs.  With  a  normal  capacity  of  about  one  ton 
per  hour,  this  mill  has  an  energy  consumption  of  20  to  22  kWh. 
per  ton,  the  remainder  on  the  sieve  with  4,900  meshes  per  sq.  cm. 
being  13  per  cent. 

A  French  No.  4  Resolutor  mill  from  the  firm  "Combustion 
Rationelle,"  tested  by  Professor  Khudiakov,  has  supplied 
the  following  data: — With  anthracite  culm  containing  11  per 
cent,  moisture,  the  output  fell  to  about  one-half  of  the  value 
obtained  for  bituminous  coals  ;  the  energy  consumption  was  23  to 
24  kWh.  per  ton,  the  remainder  on  a  French  No.  200  mesh 
varying  from  9.5  to  11  per  cent.  According  to  the  same  tests, 
the  Resolutor  mill  is  perfectly  capable  of  grinding  coals  containing 
15  per  cent,  moisture,  providing  that  preheated  air  up  to  300°  to 
400°C.  is  carried  through  the  mill. 

Special  experiments  of  Professor  Khudiakov  with  a  No.  2 
Resolutor  mill  have  also  proved  the  lowering  of  output  for  anthra- 
cite, which  was  half  that  for  bituminous  coals;  moreover,  the 
wear  and  tear  of  the  working  parts  of  the  mill  was  determined, 
and  proved  for  paddles  98  gm.  per  ton,  for  liners  163  gm. 
per  ton,  and  for  the  disc  and  bolts  29  gm.  per  ton,  the  total  wear 
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and  tear  thus  amounting  to  290  gm.  per  ton  anthracite  ground. 

Lastly,  according  to  numerous  tests  carried  out  by  the  Thermo- 
Technical  Institute,  the  No.  16  Atritor  mill  of  the  original  design 
manufactured  by  Alfred  Herbert,  easily  yields  a  1^250  Kg.  per 
hour  capacity  for  anthracite  culm  instead  of  the  normal  capacity 
of  1,800  Kg.  per  hour  guaranteed  by  the  makers  for  bituminous 
coal.  The  capacity  just  referred  to  should  by  no  means  be  re- 
garded as  a  maximum,  which,  unfortunately,  could  not  be 
attained  in  view  of  the  particular  conditions  under  which  the  in- 
stallation worked,  viz.,  insufficient  size  of  both  boiler  and  furnace 
attached  to  the  described  mill,  which  militated  against  the  use  of 
pulverised  anthracite  in  quantity. 

It  is  worth  mentioning  that  the  Atritor  mill  manufactured  by 
Alfred  Herbert  discloses  no  perceptible  increase  of  energy  con- 
sumed on  grinding  anthracite  culm  as  compared  with  that 
expended  on  bituminous  coals.  Even  at  high  moisture  contents 
of  anthracite  averaging  12  per  cent,  and  an  incomplete  load  of 
the  mill  (1,250  Kg.  per  hour  only),  the  energy  consumption  on 
anthracite  culm  reached  but  20  to  25  kWh.  per  ton,  with  a  fineness 
of  grinding  corresponding  to  a  remainder  of  about  25  per  cent, 
on  a  4,900  sieve,  the  equipment  being  operated  with  hot  air  at  a 
temperature  of  230°C. 

With  the  same  mill  output,  a  series  of  bituminous  coals  tested 
by  the  Thermo-Technical  Institute  required  almost  the  same 
energy  consumption. 

As  regards  the  wear  and  tear  of  the  Atritor  mill  when  grinding 
pure  anthracite,  that,  unfortunately,  we  were  unable  to  determine, 
as  the  mill  was  always  operated  on  varying  grades  of  fuel.  For 
the  whole  period  of  the  tests,  which  lasted  for  nearly  1,000  hours, 
about  25  per  cent,  of  anthracite  and  75  per  cent,  coal  was  ground, 
the  wear  and  tear  of  the  working  parts  of  the  mill  being  proved  to 
be  about  160  to  180  gm.  per  ton  of  powder  obtained. 

As  opposed  to  the  Resolutor,  which  allows  simple  and  easy  re- 
placing of  working  discs,  the  Atritor  mill  of  the  original  model  of 
1924  presents  much  greater  trouble  in  replacing  pegs  and  other 
working  parts  of  the  machine,  which  is  forced  to  stand  idle  while 
the  work  is  carried  out.  In  the  latest  type  of  the  Atritor  mill 
these  defects  are  to  a  great  extent  eliminated.  Nevertheless^  the 
cost  of  replacing  pegs  constitutes  a  heavy  additional  expense, 
amounting  to  25  cents  per  ton  of  pulverised  anthracite.  However, 
a  somewhat  modified  design  of  this  mill,  such,  for  instance,  as  is 
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adopted  by  Messrs.  Riley  in  America,  may  be  expected  to  settle 
this  inconvenience. 

Both  the  Resolutor  and  the  Atritor  mills,  in  which  coal  is  dried 
simultaneously  with  grinding,  have  the  important  advantage  of 
allowing  one  to  dispense  with  the  costly  dryers  involving  consider- 
able surplus  costs  and  loss  of  coal.  According  to  our  tests  the 
work  is  quite  possible  with  the  following  moisture  contents  of 
respective  grades  of  coal  :  anthracite  culm  containing  moisture 
up  to  12  per  cent.  ;  Tcheliabinsk  brown  coals  with  moisture  up 
to  22  per  cent.  ;  Bogoslov  brown  coals  with  moisture  up  to  25  per 
cent.;  dry  long-flame  coals,  moisture  up  to  15  per  cent.;  and 
lastly,  oil  shales  with  moisture  up  to  12  per  cent.  The  principal 
hindrance  to  a  further  increase  of  moisture  content  lay  by  no 
means  in  the  grinding  process  proper,  but  in  feeding  coal  into  the 
mill,  inasmuch  as  the  feeding  device  and  coal  inlets  of  our  Atritor 
mill  were  not  designed  for  moist  fuel  and  frequently  became 
choked,  thereby  causing  stoppage  and  lay-offs  of  the  mill. 

When  confronting  the  task  of  a  rational  selection  of  mills  for 
the  combustion  of  anthracite  culm,  it  should  be  appreciated  that 
the  most  reliable  solution  of  the  problem  is  the  adoption  of  ball 
mills,  say,  of  the  Hardinge  type,  such  as  are  used  at  the  Shterov 
generating  plant.  Such  mills,  when  operating  on  culm,  consume, 
as  already  mentioned,  energy  at  the  rate  of  20  to  23.5  kWh.  per 
ton  with  an  output  40  per  cent,  less  than  in  the  case  of  bituminous 
coals  for  the  same  fineness,  corresponding  to  the  remainder --^35  per 
cent,  on  the  mesh  No.  200. 

Mills  of  that  type,  however,  are  distinguished  by  their  bulkiness, 
and  require  the  adoption  of  the  central  preparation  system  with 
all  the  drawbacks  therein  involved,  i.e.,  great  cost  of  equipment, 
necessity  of  using  expensive  dryers,  complicated  systems  of  both 
handling  and  storage  of  powder.  It,  therefore,  appears  most 
rational  to  use  more  compact  types  of  ball  mills,  as  those  of 
Messrs.  Kennedy,  Van  Sann,  U.S.A.  Fully  possessing  the  stated 
quality,  these  mills  can  be  individually  combined  with  furnaces, 
thereby  obviating  the  use  of  bunkers  for  powdered  coal  and  the 
transport  of  the  latter.  We  maintain  that  the  blowing  of  hot 
air  through  such  mills,  in  this  instance  too,  will  allow  one  to 
dispense  with  the  dryers,  thus  simplifying  and  rendering  cheaper 
the  whole  installation.  This  presumption,  however,  still  needs 
support  from  experimental  evidence. 

To  summarise  the  conclusions  arrived  at  :  we  will  state  that,  at 
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Fuel.                                                 Anthracite  culm. 

Anthracite 
culm. 

Tcheliabinsk 
brown  coal. 

Veimarn  oil 
shales. 

Location. 

A.E.G. 
Berlin. 

Shterov  State  Regional 
Generating  plant. 

Thermo-Technical  Institute,  Moscow. 

1926  Tests.           |   1927  |                               | 

System. 

Fuller. 

Hardinge  Ball  Mill. 

Alfred  Herbert,  Atritor  Mül  No.  16. 

0-68 
29'7 

Fineness  of  coal: 

Per   cent,    retained    on    screen 
J          with   900  meshes  per  cm.-   ... 
ri          with  4,900 
S          with  e,400 

Mill  load  factor            

Energy  consumed  by  mill 

0-1 
23-2 

28-3 

1-0 
22-9 
27-3 

0-65 
~22 

1-8 
23-6 

0-39 
32-4 

1-2 
29-8 

0-5 
26-2 

1-6 
25-1 

0-67 
22-5 

0-5 
11-0 
14-5 

0-28 
55-6 

1-7 
28-0 

0-4 
35-0 

2-8 
35-6 

0-68 
25-0 

0-51 
45-0 

0/ 

/o 

0/ 

/o 

0/ 

/o 
kWh/ton 

Moisture' — per  cent 

Ash  content  in  absolutely  dry 
fuel — per  cent. 
►J        Content  of  volatiles  in  combus- 
D          tible  matter — per  cent. 
^        Gross  calorific  value*,  cals,  per 

Kg 

Net   calorific   value',   cals,    per 

0-35 
21-0 

4-9 
6,335 
6,290 

1-4 
19-0 

4-5 
6.594 
6,500 

1-2 

19-C 

4-8 

6,502 

6,405 

1-3 
18-1 

4-5 
6,633 
6,528 

9-8 
21-3 

6-9 
5470 
5345 

8-0 
21-3 

4-4 
5785 

5660 

9-5 
21-4 

4-8 
5695 
5560 

7-2 
18-2 

5-5 
6155 
6035 

21-2 
21-0 
43-0 
4380 
4080 

11-6 
49-0+  15-3  =  64-3' 
79-0 
2570 
2340 

0' 

% 

0/ 

cal/Kg. 
cal/Kg. 

Rate  of  heat  liberation  per  unit 

furnace  volume 
Coefficient  of  air  excess 

149 
1-44 

54 
1-32 

70 
1-34 

103 
1-33 

133 
1-19 

182 
1-13 

239 
M6 

109 
1-36 

104 
1-47 

175 
1-39 

75 
1-65 

104 
1-38 

th.  cal. 
mä.h. 

Loss  due  to  chimney  gases — 

per  cent 

Loss   due   to   chemical   incom- 
g          pleteness  of  combustion — per 
Z          cent.     ... 

►J        Loss  due  to  mechanical  incom- 
(jq          pleteness  of  combustion — per 

cent.     ... 
<        Comparative  furnace  efficiency 

>^          — per  cent 

Comparative    efficiency    of   in- 
stallation— per  cent.... 

7-0 

0 

10-5 
82-5   . 
79-5 

6-6 

2-0 

8-8 
82-6 
79-6 

6-8 

2-3 

9-3 
81-6 
78-6 

6-7 

1-6 

10-6 
81   1 
78-1 

6-1 

1-9 

9-2 
82-8 
79-8 

5-6 
2-7 

11-5 

80-2 
77-2 

4-6 

0-9 

31-6 
62-9 
59-9 

71 
0-2 

21 

90-6 
87-6 

8-9 

1-3 

0-2 
89-6 
86-6 

8-5 

2-0 

0-1 
89-4 
86-4 

9-5 
0 

11 

89-4 
86-4 

8-3 

0 

3-2 
88-5 
85-5 

% 
/o 

0/ 
0 

0/ 
0 

% 

Note.    (1)  Fuel  moisture  and  calorific  values  indicated  as  regards:    (a)  Central  system  (A.E.G.  and  Shterov  Plant)   for  powdered  fuel  as  fired. 
(b)  Unit  system  (Thermo-Technical   Institute)   for  fuel  entering  the  mill. 
(2)  First  item  stands  for  apparent  laboratory  ash,  second — for  carbonic  acid  of  carbonates,  sum — for  true  ash  contents. 
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the  present  time,  the  most  reliable  and  rational  method  of  anthra- 
cite culm  combustion  consists  in  the  use  of  compact  ball  mills, 
say,  of  the  Kennedy  type  with  hot  air  passed  through,  and  con- 
sequently no  dryers  involved.  For  particularly  moist  fuels  it  is 
necessary,  however,  to  provide  a  drying  plant  situated  apart  and 
supplying  dried  culm  to  the  bunkers  of  the  boiler  house  and 
through  chutes  to  the  unit  ball  mills  placed  near  the  boilers. 

Among  the  high-speed  mills,  the  Resoluter  of  the  "Combustion 
Rationelle"  Co.  seems  to  be  suitable  for  the  grinding  of  anthracite 
culm,  since  it  comprises  a  simple  and  inexpensive  compact  installa- 
tion and  eliminates  the  dryer,  unless  the  moisture  of  the  anthracite 
exceeds  14  per  cent.  Energy  consumption  on  these  mills,  as 
mentioned  above,  ranges  within  most  moderate  limits,  namely, 
23  to  24  kWh.  per  ton,  the  main  point  being,  therefore,  wear  and 
tear  of  the  working  parts  and  the  cost  of  maintenance,  which  must 
be  verified  by  practical  operation. 

The  right  path  leading  towards  the  solution  of  the  problem  is, 
as  we  maintain,  the  adoption  of  such  designs  of  high-speed  mills 
as  would  afford  the  easy  and  convenient  replacing  of  worn  parts, 
as  is  the  case  with  the  Resolutor  mill.  The  second  sine  qua  non 
condition  of  successful  operation  lies  in  the  simplicity  and  cheap- 
ness of  parts  undergoing  wear;  this  condition  fulfilled,  the  neces- 
sity of  replacement  may  be  put  up  with  as  involving  but  small 
overhead  expenditure  per  ton  of  powder  obtained. 

COMBUSTION  OF  BROWN  COALS  AND  OIL  SHALES 
IN  PULVERISED  FORM 

TCHELIABINSK  COAL 

There  remain  to  be  discussed  on  these  pages  some  data  upon 
the  combustion  of  pulverised  brown  coals  at  the  experimental 
station  of  the  Thermo-Technical  Institute. 

In  Table  I  are  given  the  comparative  results  of  the  tests  con- 
ducted upon  the  combustion  of  Tcheliabinsk  brown  coal  in  pulver- 
ised form.  From  these  it  will  be  seen  that  combustion  was 
carried  on  under  the  following  conditions  :  the  rate  of  heat 
liberation  per  unit  volume  of  furnace  was  about  180,000  calories 
per  cubic  metre  per  hour,  the  moisture  of  coal  fed  into  the 
Atritor  mill  was  21  per  cent.,  coefficient  of  air  excess  behind  the 
boiler  being  1.39.  It  would  have  been  possible  to  obtain  an  even 
further  decrease  of  air  excess  ;  although,  owing  to  the  low  fusing 
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point  of  the  ash  of  Tchehabinsk  coal,  this  was  found  unnecessary, 
in  view  of  the  intense  slagging  of  the  first  boiler  pass  by  flue  ash  and 
clinker.  The  rate  of  heat  liberation  of  180,000  calories  per  cubic 
metre  per  hour  could  have  been  attained  with  sufficiently  developed 
radiant  heat  absorbing  surfaces  of  the  furnace.  A  further  rise 
of  the  Q/V  values,  however,  necessitates  frequent  cleaning  of  both 
the  boiler  and  the  first  row  of  tubes  with  a  steam  jet.  At  very 
high  rates  of  combustion  this  operation,  far  from  barely  forming 
a  part  of  the  daily  routine,  must  be  performed  almost  without 
interruption,  thus  rendering  the  work  obviously  impracticable. 
The  efficiency  obtained  by  the  Thermo-Technical  Institute  when 
burning  Tcheliabinsk  brown  coal  is,  as  seen  from  the  table,  very 
high,  and  may  be  seen  from  the  furnace  efficiency,  which  was  89.5 
per  cent. 

The  combustion  of  brown  coal  having,  like  the  Tcheliabinsk  coal, 
a  high  content  of  volatile  matter,  does  not  require  particularly  fine 
grinding,  so  that  quite  a  satisfactory  combustion  could  have  been 
obtained  if  the  remainder  on  a  4,900  sieve  was  35.5  per  cent. 

The  Atritor  mill,  fed  at  the  rate  of  1,200  Kg.  per  hour  (which  is 
two-thirds  of  the  normal  capacity),  consumed  energy  for  grinding 
as  much  as  25  kVVh.  per  ton  of  Tcheliabinsk  coal,  i.e.,  more  than 
anthracite  culm  requires. 

Oil  Shales 

Here  it  is  of  interest  to  note  the  tests  upon  the  combustion  of 
Veimarn  oil  shales  of  high  ash  content.  These  experiments  were 
conducted  at  the  Boiler  laboratory  of  the  Thermo-Technical 
Institute  under  the  boiler  referred  to  above.  The  moisture  content 
of  the  shales  amounting  to  11.5  per  cent,  and  the  load  of  the 
Atritor  mill  being  two-thirds  of  normal,  the  energy  consumption 
was  about  29.5  kWh.  per  ton.  For  oil  shales  the  normal  heat  libera- 
tion per  unit  furnace  volume  should  be  in  the  neighbourhood  of 
110,000  calories  per  cubic  metre  per  hour;  at  such  rate  of  com- 
bustion the  installation  could  be  operated  with  a  coefficient  of  air 
excess  behind  the  boiler  of  1.38,  losses  through  mechanical  incom- 
pleteness of  combustion  being  very  low,  viz.,  3.2  per  cent.  ;  hence 
the  comparative  furnace  efficiency  attained  was  88.5  per  cent.,  in 
spite  of  exceedingly  high  ash  contents  of  the  shales. 

Thus  the  combustion  of  Veimarn  shales  may  be  performed  with 
great  efficiency  when  using  it  in  pulverised  form;  since  the  high 
percentage  of   ash  content  presents  considerable  obstruction  to 
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TABLE  IL      COMPARATIVE    EFI^ICIENCIËS    OF    DIFFERENT    FURNACES    SUBJECT  TO    NORMAL    OPERATING    CONDITIONS. 


Fuel. 

Furnace. 

Heat.                                                                              Balance. 

ComparativTSp 

efliciency  of 

furnace. 

No. 
of 
Item 

Description. 

Moisture. 

Ash. 

Volatiles. 

Gross 
calorific 
value. 

Net' 
caloriüc 
value. 

Type. 

Operating 
conditions. 

Com- 
bustion 
rate  per 

grate 
surface. 

Com- 
bustion 
rate  per 
furnace 
volume. 

Ratio 

of 

excess 

air. 

Loss 

in 

flue 

gases. 

Loss  due 

to 

incomplete 

combustion 

(chemical). 

Loss 
due  to 
sittings. 

Loss 
due  to 
com- 
bustible 
in  ash. 

Loss 

flue 
dust. 

Loss  due 
to 
incomplete 
combustion 
(mechan- 
ical) . 

Gross 
furnace 

efficiency 
(on  net 

cal.  val.). 

Gross 
furnace 
efficiency 
(gross  cal. 

val.). 

sumption  of 

furnace  and 

mill. 

In  terms  In  terms 
of  net     j   of  gross 

calorific  1  caloriSc 
value.     ,    value 

Per  cent. 

Per  cent. 

Per  cent. 

Cal/Kg. 

Cal/Kg. 

1000  cal. 
m»h. 

1000  cal. 
m»h. 

— 

Per  cent. 

Per  cent. 

Per  cent. 

Per 

cent. 

Per  cent. 

Per  cent. 

I       ■        '             !            1                       ' 

Per  cent.    Per  cent.   kWh/ton  Per  cent.  Per  cent.    Per  cent 

1 
I 

■  Firewood 

35 

10 

85 

3,120 

2,700 

Flat  hand-fired  grate    ... 

IncUned  shaft     

Vertical  shaft     

1,000 
1,200 
3,000 

350 
350 
350 

1-8 
1-4 
14 

11-2 
91 
91 

2 
2 
2 

- 

- 

- 

1 
1 
1 

85-8       1       74-3              0                0,       85-8           74-3 
87-9       1       76-0              0                0                87-9           760 
87-9       :       760              0         '       0          \       87-9           160 

4 

Chips  (wood) 

3 
3 

I 
a 
'3 

.Q 

(J 

Hot  blast ... 

900 

290 

1-4 

9  0 

0-5 

0-5 

(«) 

1-5 

2 

88-5             76-7            20             0-2              88-3           7Ö-5 

5 

Peat 

30 

9-0 

70 

3,600 

3,220 

1,600 

350 

1-35 

8-2 

0-5 

0-2 

10 

0-5 

1-7          j       89-6             80-2       1      2-2        '     0-2              89-4           80-0 

6 
7 

Sub-Moscow  brown 
coal,  fines      

33 

31-5 

45 

2,990 

2,670 

Cold  blast... 
Hot  blast  ... 

650 
900 

250 
250 

2-85 
1-7 

14-2 
10-6 

0-5 
0-5 

1-5 
1-0 

14-6 
2-8 

81 
4-0 

24-2 
7-8 

6M              54-6            3-2        ,     0-4              60-7            54-2 
8M       1       72-5            2-3             0-3              80-8           72-2 

8 
9 

Tcheliabinsk       Run- 
brown               of- 
coal.                mines. 
Slack. 

20 
20-5 

15-5 
19-8 

43-5 
400 

4,820 
4,525 

4,505 
4,225 

1,000 
800 

280 
280 

1-35 
1-35 

8-0 
7-6 

0-5 
0-5 

0-5 
1-0 

2-4 

1-8 

0-5 
5-4 

3-4 
8-2 

1                             ! 

881              82-3            2-7             0-2              87-9            820 
83-7             78-2            2-6             0-2              83-5            77-9 

10 

Bogoslov  brown  coal 

33 

15-0 

42-5 

3,530 

3,195 

Cold  blast  ... 

(570)? 

250 

1-6 

10-0 

0-5 

1-5 

21 

4-2 

7'8 

81-7       i       74-0       '      2-4             0-2              81-5            73-8 

_li 

Anthracite  rice 

4-0 

18-2 

4-8 

6,455 

6.330 

„ 

1,000 

400 

1-4 

6-7 

0-5 

10 

10-8 

2-4 

14-2 

78-6       !       77-1       '      3-5             0-2              78-4           76-9 

12 

Anthracite  culm 

9-5 

19-9 

4-8 

5,820 

5,680 

Hot  blast  ... 

(870)? 

350 

20 

7-3 

0-5 

(5-0)? 

20-6 

8-2 

33-8 

(58-4)?          (57-0)?     '     4-2             0-2              58-2            56-8 

13 

14 

f  Anthracite  culm    ... 

9  5 

19-9 

4-8 

5,820 

5,680 

Pulverised  fuel 
(unit  system) 

Is^ 

25 
,0 

110 
110 

1-35 
1-35 

6-8 
7-2 

20 
10 

- 

- 

- 

100 
3-5 

81-2 
88-3 

79-2          22                 1-2              800            78  1 
86-2          25                 1-4        1       87-9            85-8 

15 
16 

Tcheliabinsk  brown 
coal            

21-2 

210 

43  0 

4,380 

4,080 

rt  a>  y 
5?     S 

30 

— ■ 

180 

1-4 

8-5 

2-0 







0-5 

89-0 

83-0          22            i      1-7              87-8            SIS 

Veimam  oil  shales  ...|      ll-G 

4fJ-f  15-3 
=  04-3 

79 

2,570 

2,340 

25 

— 

110 

1-4 

8-4 

0-5 







30 

88-1       1       80-2          24 

3-2              84-9            77-3 

Average  coal            ...        3         j        13-5 

23 

7,165 

6,930 

25 

— 

120-200 

1-35 

7-2 

0-5 

— 

— 

— 

1-0                 91-3       ■       88-4          15-0 

0-7              90-6            87' 

ig        Mazout         1        2         1          n-l 

- 

10,535 

9,870 

Steam  burners     

- 

300 

1-25    '       7-4 

0-5 

— 

— 

— 

0 

92-1              86-4             — 

2-5              89-6      '      8-t' 

' 

Mechanical  burners 

- 

350 

1-25     '       7-2 

0-5           i       — 

-     i       -       1       0 

92-3       1       86-6       [       — 

0-3              920       _S£3__ 

(a)     See  "loss  due  to  unburnt  coal.' 
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the  combustion  of  the  above  grade  of  shale  on  different  hand-fired 
or  mechanical  stokers.  A  further  increase  of  Q/V  is  impossible, 
chiefly  because  of  the  rapid  slagging  of  boiler  tubes  by  flue  ash 
and  clinker  due  to  the  low  fusing  point  of  the  ash  contained  in 
the  oil  shales. 

Sub-Moscow  Coal 

In-  addition,  some  results  of  pulverised  sub-Moscow  brown  coal 
combustion  may  be  given  with  reference  to  the  data  of  the 
Kashira  generating  plant,  where  the  combustion  is  performed 
under  a  StirHng  boiler  (heating  surface  444  sq.  m.)  fitted  with  a 
pulverised  fuel  furnace  (volume  90  cu.  m.),  and  equipped  with 
vertically  located  burners  of  the  firm  of  Alfred  Herbert.  The 
grinding  of  sub-Moscow  coal  is  carried  out  by  a  No.  16  Atritor 
mill  of  a  design  later  than  that  of  the  mill  installed  at  the  Thermo- 
Technical  Institute.  The  energy  consumption  of  the  mill  amounts 
to  as  much  as  17  kWh.  per  ton,  the  output  being  3,000  Kg.  per 
hour  and  the  moisture  content  of  the  coal  10  to  12  per  cent. 

The  fact  is  worth  giving  attention  that  while  the  guaranteed 
normal  capacity  of  the  mill  is  1,800  Kg.  per  hour,  the  output 
actually  obtained  with  sub-Moscow  soft  brown  coal  reaches  4,000 
Kg.  per  hour,  the  normal  maximum  capacity  of  the  mill  being 
reckoned  approximately  3,000  Kg.  per  hour  for  this  class  of  coal. 

The  plant  is  operated  at  a  rate  of  heat  Uberation,  Q/V,  of  1(X),000 
to  120,000  calories  per  cubic  metre  per  hour,  the  air  excess  behind 
the  boiler  being  1.3  and  the  losses  through  mechanical  incom- 
pleteness of  combustion  being  rather  heavy,  vis.,  of  the  order  of 
6  to  10  per  cent.  The  latter  value  strikes  us  as  being  excessively 
high,  while  the  magnitude  Q/V  is  decidedly  too  low  for  sub- 
Moscow  coal.  This,  however,  may  be  attributed  to  the  somewhat 
inadequate  design  of  the  furnace  as  well  as  to  the  whole  plant, 
which  was  not  yet  brought  up  to  the  requisite  operating  standard 
owing  to  the  pulverised  fuel  installation  having  only  recently  been 
put  into  service. 

The  wear  and  tear  of  the  working  parts  of  the  Atritor  mill,  in 
spite  of  the  softness  of  the  sub-Moscow  coal,  amounts  to  about 
250  gm.  per  ton  of  coal,  which  may  be  accounted  for  by  the 
presence  of  very  hard  grains  of  pyrites  markedly  telling  on  the 
endurance  of  the  mill. 

Comparison  of  Different  Furnaces 
In  Table  II  a  comparison  is  given  of  the  results  of  low-grade 
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fuel  combustion  in  different  furnaces  in  the  U.S.S.R.  as  discussed 
in  this  and  another  paper.  This  comparison  permits  the 
establishment  of  a  relation  between  the  gross  efficiencies  of 
different  designs,  i.e.,  disregarding  the  energy  consumption  on 
such  operating  items  as  grinding,  blast,  furnace  gearing,  etc.  In 
the  same  table  are  given  the  figures  of  net  efficiency  of  furnace, 
i.e.,  efficiency  remaining  after  the  subtraction  of  expenditure  on 
mills  and  the  blast  fans  of  the  chain  grates. 

Table  II  bears  upon  the  application  of  chain  grates  especially 
adapted  to  the  combustion  of  small  sized  non-caking  fuels  ;  figures 
for  sif tings  are,  therefore,  given  in  accordance  with  that  provision. 

On  comparing  gross  efficiencies  in  terms  of  net  calorific  values  of 
fuels,  it  may  be  seen  that  the  highest  efficiency  is  obtained  with 
oil,  and  pulverised  fuel  furnaces  for  burning  high  grade  coals. 
Such  furnaces  yield  an  efficiency  fluctuating  within  the  limits 
91  to  92  per  cent. 

The  next  group  is  composed  of  furnaces  having  comparative 
gross  efficiencies  of  88  to  88.9  per  cent.,  viz.,  pulverised  fuel 
furnaces  for  burning  brown  coals,  oil  shales  and  finely  ground 
anthracite  culm;  firewood  shaft  furnaces,  as  well  as  chain  grate 
stokers  for  burning  firewood  chips  and  Tcheliabinsk  brown  coals. 

Next  follows  the  group  with  comparative  efficiencies  of  78.5 
to  85  per  cent.  This  group  consists  of  furnaces  consuming  the 
following  grades  of  fuel;  sub-Moscow  coal  with  hot  blast, 
Bogoslov  brown  coal,  anthracite  rice  on  a  chain  grate,  firewood  on 
a  flat  grate  and  roughly  ground  pulverised  culm. 

The  worst  results  in  regard  to  efficiency  are  obtained  by  the 
combustion  of  sub-Moscow  brown  coal  fines  with  cold  blast,  but 
these  are  as  nothing  compared  to  the  results  yielded  by  the  combus- 
tion of  anthracite  culm  on  a  chain  grate,  which  are  even  lower. 

When  comparing  net  furnace  efficiencies,  i.e.,  those  remaining 
after  the  subtraction  of  expenditure  on  operating  items,  the 
results  both  for  pulverised  fuel  and  lump  fuel  furnaces  may  be 
noticed  to  stand  somewhat  closer  to  one  another,  viz.,  comparative 
furnace  efficiencies,  within  the  limits  of  88  to  92  per  cent,  may 
be  attributed  to  all  the  following  furnaces  :  oil  furnaces,  pulver- 
ised fuel  furnaces  for  high  grade  coals,  anthracite  culm  and  long 
flame  fuel,  firewood  shaft  furnaces  and  chain  grate  stokers 
consuming  chips,  peat  and  Tcheliabinsk  run-of-mine  coal  with 
hot  blast. 

The  second  series,  comprising  a  range  of  efficiencies  of  78  to  86 
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per  cent.,  is  constituted  by  flat  hand-fired  firewood  grates,  sub- 
Moscow  brown  coal  burnt  on  chain  grates  with  hot  blast  ;  Bogoslav 
brown  coal  burnt  on  chain  grates  ;  anthracite  rice  burnt  on  chain 
grates  ;  and  pulverised  anthracite  culm  of  rough  grinding. 

Finally,  quite  apart  from  the  other  groups,  owing  to  their  very  low 
efficiency,  are  to  be  considered  sub-Moscow  brown  coals  and 
anthracite  culm  when  burnt  on  chain  grates  with  cold  blast.  The 
efficiency  obtained  in  this  instance  ranges  within  the  limits  of  58 
to  61  per  cent. 

The  general  conclusions  to  be  drawn  from  numerous  tests  of 
various  furnaces  may  be  summarised  as  follow  : — 

The  lower  the  content  of  volatiles  in  the  combustible  matter  of 
the  fuel  and  the  higher  the  ash  content  of  the  fuel,  the  more 
difficult  it  becomes  to  obtain  high  efficiency  of  combustion  on 
mechanical  stokers.  A  striking  example  to  support  this  statement 
is  to  be  found  in  anthracite  culm,  which  is  distinguished  by  a  low 
content  of  volatile  matter  and  a  high  percentage  of  ash. 

And,  on  the  contrary,  fuel  with  a  high  content  of  volatile  matter 
is  much  more  easily  burnt  in  mechanical,  e.g.,  chain-grate  stokers, 
provided  the  design  of  the  latter  and  an  adequate  rate  of  com- 
bustion per  unit  grate  area  be  rightly  chosen. 

If  we  consider  that  the  combustion  of  fuel  in  pulverised  form 
requires  additional  costs  for  energy  spent  on  powder  preparation, 
the  net  efficiency  for  powdered  fuel  installations  operating  on 
high-grade  coal,  and  especially  on  that  with  high  content  of  vola- 
tile matters,  appears  practically  equal  to  the  results  obtained  on 
modern  efficient  mechanical  stokers. 

Therefore,  combustion  in  the  pulverised  form  of  i.uch  fuels  as 
are  characterised  by  a  high  content  of  volatiles,  but  are,  per  contra, 
low  in  ash,  presents  no  particular  advantages  as  compared  to 
burning  the  same  fuels  on  stokers.  All  the  more  is  this  true  of 
fuels  possessing  a  high  degree  of  caking  power.  And,  on  the 
contrary,  we  find  the  application  of  pulverised  fuel  highly  profit- 
able when  operating  with  fuels  that  would  he  rich  in  ash,  non- 
caking,  and  having  a  low  content  of  volatile  matter. 

This  is  the  very  reason  why  the  combustion  of  anthracite  culm 
in  powdered  form  has  proven  so  highly  advantageous.  These 
general  principles  rank  first  when  choosing  between  this  and  any 
other  method  of  combustion.     Further,  it  should  be  borne  in  mind 

that  the  saving  effected  by  pulverised  fuel  combustion  is  largely 

cut  down  by   the  drying  plant,   since  much  extra  expenditure 

455 


PULVERISED  FUEL 

is  involved  in  the  initial  installation;  moreover,  a  w^asteful 
consumption  of  coal  for  drying  purposes  and  the  losses  incurred 
in  this  operation  tend  to  reduce  the  economy  still  further.  Hence, 
installations  for  pulverised  fuel,  as  compared  to  mechanical  stokers, 
will  prove  a  real  boon  only  in  case  the  plant  is  designed  to  operate 
without  a  dryer. 

Since  this  is  a  fact,  the  elimination  of  special  drying  plant  and  the 
successful  performance  of  drying  within  the  mill  itself  becomes  the 
most  essential  requirement  for  a  truly  profitable  application  of 
pulverised  fuel.  If  this  principle  is  adopted,  the  drying  may 
proceed  by  continuously  passing  hot  air  through  the  mill  all  the 
time  the  grinding  is  being  efifected. 

The  last  important  point  to  be  dealt  with  below  is  the  wear  and 
tear  of  a  mill,  which  should  always  be  designed  as  compactly  as 
possible.  We  dare  say  that  this  problem  still  remains  to  be  solved, 
since  the  mills  found  to  be  most  reliable  are,  at  the  same  time, 
most  bulky  ;  while  the  high-speed  mills  to  be  found  on  the  market 
at  present  suffer  greatly  from  wear  and  tear,  and  always  necessi- 
tate high  repair  costs. 

Thus,  the  most  important  thing  to  be  done  in  order  to  promote  the 
adoption  of  pulverised  fuel  is  to  design  really  compact  and  enduring 
mills,  where  drying  might  proceed  together  with  the  grinding  pro- 
cess, so  that  the  repair  costs  on  the  mill  might  be  reduced  to  a  strict 
minimum.  As  already  mentioned,  it  seems  that  the  right  course 
to  be  adopted  in  this  connection  would  consist  in  making  use  of 
such  mills,  whose  working  parts  could  be  easily  replaced; 
naturally,  this  could  be  done  only  in  case  these  parts  were  in- 
expensive, so  that  no  particular  difficulty  would  arise  out  of  their 
constant  wear  and  tear. 

Finally,  reverting  to  the  main  problem  in  connection  with 
planning  pulverised  fuel  plants — namely,  as  to  whether  a  central 
preparation  or  unit  system  is  preferable,  we  would  venture  to 
pronounce  ourselves  firmly  in  favour  of  the  unit  system.  Having 
visited  more  than  eighty  different  pulverised  fuel  plants  in  the 
U.S.A.,  France,  Belgium  and  Germany,  we  have  come  to  the 
conclusion  that  unit  systems  by  far  exceed  central  preparation 
systems  with  regard  to  simplicity,  cheapness  and  compactness  of 
installation,  smaller  number  of  attendants,  greater  convenience 
in  operation,  lower  power  consumption  and  greater  cleanliness. 

Hence,  the  main  trend  of  thought  among  Russian  combustion 
engineers  will,  as  we  believe,  be  directed  toward  unit  systems; 
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while  it  seems,  at  the  same  time,  that  a  new  and  powerful  impetus 
will  lie  in  that  direction  after  the  main  problems  of  mill  design 
are  given  the  right  solution. 

Owing  to  lack  of  time  and  space,  we  are  not  to  dwell  in  these 
pages  on  such  points  as  the  design  of  atomisers  or  the  design  of 
the  combustion  chamber.  We  shall  likewise  not  discuss  the 
possible  measures  to  be  adopted  for  decreasing  the  requisite 
volume  of  the  combustion  chamber  by  means  of,  say,  introducing 
contrivances  like  turbulent  burners,  pulsation  of  flame,  etc.,  as 
well  as  an  efficient  setting  of  water  walls  and  screens  in  the 
furnace,  made  of  bare  tubes  or  of  tubes  protected  by  plates  of 
different  materials.  A  relevant  solution  of  the  problem  of  burner 
and  combustion  chamber  design  is  also  among  the  most  important 
provisions  for  the  successful  development  of  pulverised  fuel-tired 
plants. 

The  recent  progress  of  engineering  in  the  field  of  pulverised  fuel 
combustion  will  certainly  soon  reach  to  the  solution  of  these 
problems,  thereby  securing  for  pulverised  fuel  a  still  wider  field 
of  practical  application  in  boiler  plants. 


ZUSAMMENFASSUNG 

Die  Frage  der  Verbrennung  von  Anthrazitklein  in  Staubform  ist  gegenwärtig 
nicht  nur  vom  technischen,  sondern  auch  vom  ökonomischen  Standpunkte 
aus  in  ihrem  ganzen  Umfange  gelöst.  Eine  unerlässliche  Bedingung  für  die 
erfolgreiche  Verbrennung  von  Anthrazitklein  in  Staubform  ist  die  genügende 
Feinheit  des  Mahlguts  wie  auch  die  richtige  Wahl  der  Heizbelastung  des 
Feuerraumes. 

Zur  Zermahlung  von  Anthrazitklein  gelten  als  beste  die  Kugelfallmühlen, 
wobei  man  hier  den  kompakteren  Bauarten  den  Vorzug  geben  muss,  da  letztere 
eine  leichtere  Kombinierung  mit  dem  Kessel  in  Form  individueller  Anlagen 
gestatten.  Sie  ermöglichen  ein  Trocknen  des  Anthrazits  innerhalb  der  Mühle 
mit  heisser  Luft  und  machen  dadurch  besondere  Trockenanlagen  entbehrlich. 

Ein  besonderes  Interesse  beanspruchen,  was  Billigkeit  und  einfache  Kon- 
struktion anbetrifft,  die  schnellaufenden  Mühlen  mit  Trocknung  innerhalb 
derselben,  sofern  sie  für  schnelles  und  bequemes  Auswechseln  der  abgenutz- 
ten Teile  bei  grösstmöglicher  Einfachheit  und  Billigkeit  derselben  gebaut 
sind,  wodurch  eine  Herabsetzung  der  Reparaturkosten  pro  Tonne  gewonnenen 
Staubes  ermöglicht  wird. 

Die  Betriebserfahrung  mit  "Atritor"-  und  "Resolutor"-Mühlen  zeigen,  dass 
letztere  Anthrazitklein  mit  einem  Feuchtigkeitsgehalt  von  12-14%  und 
Braunkohle  mit  einem  solchen  bis  20-25%  leicht  vermählen  und  demnach 
besondere  Trockenanlagen  völlig  entbehrlich  machen. 

Die  Verwendung  staubförmigen  Brennstoffes  ergibt  bei  Verbrennung  asche- 
reicher Brennstoffe  die  grössten  Vorteile;   und  zwar  um  so  grössere,  je  geringer 
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der  Gehalt  an  flüchtigen  Bestandteilen  ist,  besonders  bei  geringer  Feuch- 
tigkeit. 

Die  Hauptaufgabe,  die  eine  erfolgreiche  Verbreitung  von  Kohlenstaubanlagen 
garantiert,  besteht  in  der  Beseitigung  der  Trockenanlagen,  die  bedeutende 
Nebenausgaben  sowohl  hinsichtlich  der  Anschaffungskosten  als  auch  infolge 
überflüssigen  Kohlenverbrauchs  erfordern.  Aus  diesem  Grunde  werden 
Mühlen,  die  ein  Zermahlen  feuchter  Brennstoffe  unter  gleichzeitigem  Trocknen 
derselben  während  des  Mahlvorganges  gestatten,  den  grössten  Erfolg  haben. 

Bei  sehr  feuchter  Braunkohle,  die  ein  sofortiges  Zermahlen  in  der  Mühle 
ohne  vorhergehendes  Trocknen  nicht  gestattet,  ist  es  rationell,  sie  am  Gewin- 
nungsort zu  trocknen  und  in  diesem  Zustande  dem  Konsumenten  zuzustellen, 
da  in  diesem  Falle  das  verringerte  Gewicht  beim  Transport  der  Kohle  die 
Kosten  für  das  Trocknen  aufwiegt. 

Die  Zukunft  auf  dem  Gebiete  der  Verbrennung  staubförmigen  Brennstoffes 
gehört  ohne  Zweifel  den  individuellen  Mahlsystemen,  da  sie  die  zentralen 
durch  Billigkeit  und  Einfachheit,  durch  grössere  Sauberkeit  der  Anlage  und 
durch  geringeres  Bedienungspersonal  bei  gleich  hoher  Wirtschaftlichkeit 
übertreffen. 

Eine  der  wichtigsten  bis  heute  noch  nicht  entschiedenen  Fragen  in  der 
Verbrennungstechnik  staubförmigen  Brennstoffes  ist  zweifellos  die  Vermin- 
derung des  Feuerraumes  und  die  Ausarbeitung  rationeller  Bauarten  für 
Feuerungen  und  wassergekühlte  Wände. 

Der  Bericht  enthält  Ergebnisse  russischer  Arbeiten  auf  dem  Gebiete  der 
Verbrennung  von  Anthrazitklein,  Braunkohle  und  Schiefer  in  Staubform. 
Es  werden  auch  Feuerungen  für  staublörmige  Brennstoffe  und  für  solche  in 
Stückform   ihrer   Wirtschaftlichkeit   nach    gegenübergestellt. 
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INTRODUCTION 

Powdered  coal  as  fuel  for  steam  boilers  has  come  into  wide  use 
during  the  last  eight  years.  Progress  was  slow  at  first  because  much 
prejudice  and  resistance  had  to  be  overcome.  Designing  engineers 
were  discouraged  by  exaggerations  of  dangers  from  explosions  and 
fires.  Safety  rules  were  formulated  for  the  design  and  construction 
of  powdered  coal  plants,  which  appeared  to  be  more  concerned  with 
discouraging  the  development  of  the  new  method  of  burning  coal 
than  with  its  safety. 

After  a  few  plants  were  put  into  successful  operation  and  the 
expected  good  results  were  reahsed,  without  serious  accidents, 
interest  in  the  new  fuel  became  general.  Most  of  the  new  central 
stations  adopted  powdered  coal  firing  and  some  of  the  old  stoker-fired 
stations  were  converted  into  powdered  coal  plants.  Many  industrial 
plants  also  now  bum  pulverised  coal.  The  advantages  of  a  firing 
method  making  it  possible  to  bum  cocd  with  the  ease,  nicety  of 
control,  cleanUness  and  efficiency  pecuHar  to  liquid  or  gaseoiis  fuels, 
were  too  obvious  to  be  denied. 
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Advantages  of  Powdered  Coal  Firing 

(1)  A  powdered  coal  plant  can  maintain  high  yearly  operating 
efficiencies  closely  approaching  those  obtained  on  tests.  Pulverised 
coal  may  be  burned  completely  and  efficiently  with  low  excess  air. 
The  fuel  and  air  supply  may  be  closely  regulated.  The  boiler  can 
meet  any  steam  demand,  within  the  Hmits  of  the  equipment,  at  high 
efficiency.  Fires  do  not  have  to  be  cleaned,  as  with  stokers,  and  there 
are  no  interruptions  or  changes  in  the  pace  of  the  furnace,  nor  in 
the  efficiency  of  combustion  on  this  account.  The  furnace  is  always 
ready  to  tcike  either  more  load  or  less  load  and  its  response  is 
immediate.  Fires  can  be  started  on  short  notice  as  quickly  as  in  an 
oil-fired  furnace.  If  necessary  it  is  possible  to  have  a  cold  boiler  in 
service  at  maximum  capacity  in  ten  minutes. 

(2)  More  coal  may  be  burned  in  pulverised  form  under  a  boiler  of 
a  given  size  than  with  stokers.  The  adoption  of  pulverised  coal  for 
boiler  firing  has  made  possible  steam  generators  large  enough  to 
serve  individually  very  large  turbines. 

In  a  large  industrial  plant  in  Detroit  there  are  four  boilers,  as 
illustrated  in  Fig.  1,  each  of  which  delivers  continuously  between 
400,000  and  500,000  lb.  of  steam  per  hour.  These  boilers  are  each 
large  enough  to  serve  a  50,000  kW.  turbine.  A  central  station  in 
Baltimore  has  been  built  on  the  basis  that  each  35,000  kW.  turbine 
is  to  be  served  by  its  own  boiler.  These  boilers  continuously  dehver 
400,000  lb.  of  steam  per  hour  and  the  turbine  has  an  output  between 
39,000  and  40,000  kW. 

(3)  Banking  losses  are  small.  If  the  boiler  is  not  needed,  the  fire 
is  simply  turned  out.  Fires  may  be  started  on  short  notice  and  the 
boiler  brought  back  into  service  quickly.  If  the  banking  period  is 
long,  pressure  may  be  kept  up  by  occasionally  Hghting  a  burner. 

(4)  The  plant  is  independent  of  the  fuel  market,  because  the  same 
burning  and  pulverising  equipment  can  handle  a  large  variety  of 
coals.  Stokers  are  not  so  flexible  in  this  respect.  A  stoker  designed 
for  free-burning  coal  will  not  handle  coking  coal  satisfactorily  and 
vice  versa.  The  amount  of  ash  in  the  coal  and  its  fusibility  is  of  less 
consequence  when  the  coal  is  burned  in  pulverised  form  than  when 
burned  on  grates. 

Variety  of  Coal  Burned  in  Pulverised  Form 
Anthracite  coal  is  being  burned  exclusively  in  three  plants,  namely, 
at  Pine  Grove,  Lykens,  and  Lyttle.    Anthracite,  either  alone  or  in 
combination  with  bituminous  coals,  is  being  successfully  burned  at 
Holtwood  and  Middletown. 
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Fig.  1.     Pulverised  coal-fired  unit  in  a  large  industrial  power  plant  which 
produces  400,000  to  500,000  lb.  of  steam  per  hour  over  long  periods. 
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Low-volatile  bituminous  coal  or  semi-anthracite,  such  as  Pocahon- 
tas and  New  River  coals,  high-volatile  coking  bituminous  coals 
from  the  Appalachian  coal  field,  free-burning  high-volatile  coal  from 
lUinois,  Indiana,  Iowa,  and  from  other  middle  western  states, 
western  bituminous  and  sub-bituminous  coals,  are  being  burned 
successfully.  Lignites,  such  as  those  found  in  Texas,  are  being 
burned  exclusively  in  two  large  central  stations.  Recently,  refinery 
coke  or  petroleum  coke  has  been  utilised  in  powdered  form  in 
several  plants,  one  of  them  a  central  station. 

In  some  plants  the  quahty  of  the  coal  undergoes  extreme  changes 
many  times  a  day  and  the  operators,  in  most  cases,  are  not  even 
aware  of  the  fact.  One  plant  in  Iowa  uses  coal  from  ten  states 
varying  in  moisture  content  from  2  to  20  per  cent.,  in  ash  from 
9  to  29  per  cent.,  and  in  heat  value  from  8,700  to  14,000  B.Th.U. 
per  lb. 

COMBUSTION  OF  POWDERED  COAL 

Powdered  coal  is  burned  under  steam  boilers  as  a  cloud  of  small 
particles,  of  which  90  per  cent,  by  weight  have  diameters  between 
1/200  and  1/1000  of  an  inch. 

Ignition 

These  coal  particles,  when  blown  into  the  furnace  and  mixed  with 
air,  are  heated  quickly  and  finally  acquire  the  temperature  of  the 
flame  which  is  about  3,000°F.  During  the  first  heating  stage, 
which  is  comparatively  slow,  the  particles  are  heated  up  to  the 
ignition  temperature  largely  by  radiation  from  the  flames  of  the 
particles  already  burning  in  adjacent  parts  of  the  furnace.  During 
this  stage  part  of  the  volatile  matter  is  distilled  from  the  particles 
and  diffuses  into  the  air  surrovmding  them.  As  soon  as  this  distilled 
volatile  matter  reaches  the  ignition  temperature  it  bursts  into 
flame.  This  flame  is  very  hot  because  at  this  stage  combustion 
takes  place  with  only  a  small  part  of  the  air  in  the  film  next  to  the 
surface  of  the  coal  particle.  The  envelope  of  hot  flame  surrounding 
the  particle  heats  it  very  rapidly  and  speeds  up  the  process  of 
distillation,  making  more  gas  available  for  combustion.  This  gas 
does  not  burn  as  fast  as  the  portion  which  first  came  off  and  started 
the  ignition.  It  has  to  penetrate  farther  from  the  surface  into  the 
surrounding  atmosphere  to  find  oxygen  for  its  combustion.  Alter- 
natively, the  required  oxygen  must  diffuse  into  the  gas.  Agitation 
helps  to  carry  the  gas  into  the  more  remote  layers  of  air  and  to  bring 
oxygen  into  the  distilled  gas. 
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The  temperature  at  which  the  distilled  volatile  matter  bursts  into 
flame  may  be  called  the  ignition  temperature.  It  varies  with  differ- 
ent coals,  being  900°F,  with  hgnites  and  l,200°F.  with  Pocahontas 
coal.  What  is  called  the  ignition  temperature  of  the  coal  is  really 
the  ignition  temperature  of  the  gases  which  first  come  off  when  the 
coal  is  heated. 

The  time  required  for  the  particles  of  coal  and  the  layer  of  air 
surroimding  them  to  come  to  the  ignition  point  depends  largely  on 
the  initial  temperature  of  the  coal  and  air,  on  the  size  of  the  coal 
particles,  and  on  the  quantity  of  air.  If  the  air  is  preheated  the 
ignition  temperature  is  reached  in  a  shorter  time.  If  the  particles 
are  small  they  become  hot  quickly,  volatile  matter  is  distilled 
off  at  a  high  rate  and  its  diffusion  into  the  surrounding  air  is  more 
rapid. 

If  a  smaller  weight  of  air  is  mixed  with  the  coal,  the  air  is  brought 
up  to  the  ignition  point  in  a  shorter  time.  With  a  smaller  weight 
of  air,  the  mixture  of  the  distilled  volatile  matter  and  air  is  rich  and 
ignites  quickly.  This  last  factor  is  especially  of  great  importance 
with  low-volatile  coals  such  as  Pocahontas  and  anthracite,  which 
ignite  most  quickly  when  only  a  small  amoimt  of  primary  air  is 
used. 

Under  ordinary  furnace  conditions  the  ignition  temperature  is 
reached  within  a  small  fraction  of  a  second.  The  distillation  is 
usually  completed  within  less  than  a  second. 

Combustion  of  Volatile  Matter 

After  the  first  burst  of  flame,  volatile  matter  from  high -volatile 
coals  comes  off  mostly  as  tar  vapours  and  heavy  hydro-carbon 
gases,  which  bum  directly  if  quickly  mixed  with  enough  air  for 
their  complete  combustion;  and  a  short  visible  flame  results.  If, 
however,  the  tar  vapours  and  hydro-carbon  gases  are  not  quickly 
mixed  with  sufficient  air,  they  are  broken  down  rapidly  by  the  heat 
into  soot  and  permanent  combustible  gases  such  as  CO  and  Hg,"  and  a 
long,  luminous,  smoky  flame  results.  The  luminosity  of  the  flame  is 
due  to  the  incandescent  soot  particles,  which  bum  slowly.  Therefore 
when  burning  high-volatile  coals,  enough  air  for  the  complete 
combustion  of  the  volatile  matter  must  be  supplied  with  the  coal 
and  the  mixture  should  be  agitated  in  order  to  bring  the  distilled 
volatile  combustible  and  oxygen  quickly  together  so  that  they  com- 
bine without  breaking  down  into  soot. 

Only  the  combustion  of  volatile  matter  is  accompanied  by  visible 
flame.    Fixed  carbon  burns  without  visible  flame.    Therefore,  a 
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short  flame  is  not  always  an  indication  of  complete  combustion. 
Beyond  the  tips  of  the  visible  flame  fixed  carbon  may  still  be 
burning. 

Combustion  of  Fixed  Carbon 

After  nearly  all  of  the  volatile  matter  has  been  distilled  and  most 
of  it  burned,  the  fixed  carbon  begins  to  burn.  It  bums  as  quickly  as 
oxygen  can  be  brought  in  contact  with  it.  Above  the  ignition 
temperature,  the  velocity  of  the  chemical  combination  of  oxygen 
and  carbon  is  so  high  that  their  tmion  is  practically  instantaneous 
and  the  rate  of  combustion  depends  entirely  on  the  rate  at  which 
oxygen  and  carbon  can  be  brought  in  contact.  Furnace  temperature 
is,  therefore,  of  small  importance  because  it  increases  only  the  rate 
of  chemical  combination  of  the  elements  in  contact.  The  carbon 
and  oxygen  cannot  combine  any  faster  than  at  the  rate  with  which 
they  are  brought  in  contact. 

Although  the  coke  particles  left  after  the  distillation  of  the  volatile 
are  very  small,  they  are  relatively  large  compared  with  oxygen 
molecules,  and  a  great  number  of  oxygen  molecules  are  required  to 
bum  completely  the  average  particle  of  coke.  At  the  ordinary 
furnace  temperature  the  volume  of  air  required  for  the  complete 
combustion  of  a  coke  particle  is  about  60,000  times  the  volume  of 
the  particle.  This  volume  of  air  would  make  a  sphere  forty  times  the 
diameter  of  the  coke  particles.  If  natural  diffusion  were  depended 
upon  to  bring  oxygen  in  contact  with  the  surface  of  the  coke  particle, 
combustion  would  be  slow,  because  a  comparatively  long  time  would 
be  required  to  bring  all  the  oxygen  molecules  needed  for  combustion 
in  contact  with  the  surface  of  the  coke  particles. 

Intensive  mixing  in  the  furnace  greatly  speeds  up  the  process  of 
bringing  oxygen  to  the  surface  of  the  coke  particles  and  also  aids  the 
removal  of  the  products  of  combustion  from  the  surface.  When- 
ever high  rates  of  combustion  and  high  temperatures  are  obtained, 
they  result  from  intensive  mixing.  High  temperature  is  the  result, 
and  not  the  cause  of  high  rate  of  combustion. 

Nature  of  Coal  Influences  Completeness  of  Combustion 
The  nature  of  the  coal  has  a  marked  effect  on  the  rapidity  of 
combustion.   This  effect  may  be  either  physical  or  chemical.   With 
some  coals  the  size  and  shape  of  the  particles  may  change  during 
combustion.  The  size  may  either  become  smaller  or  larger. 

The  coking  coals  of  the  Appalachian  field  become  soft  when  heated 
and  the  pieces  fuse  together  into  a  mass  of  coke.  This  characteristic 
is  commonly  observed  when  the  coals  are  burned  in  hand-fired  or. 
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stoker-fired  furnaces.  Such  fusion  of  particles  undoubtedly  takes 
place  with  these  coals  when  burned  in  pulverised  form,  especially 
when  the  mixture  is  dense.  Some  of  the  particles  coUide  while  in 
the  plastic  stage  and  fuse  into  larger  particles,  presenting  relatively 
less  surface  for  the  action  of  oxygen.  Frequently,  particles  of  coke 
are  found  in  the  flue  dust  that  are  considerably  larger  in  mass  than 
the  particles  of  coal  originally  fed  to  the  furnace.  When  these  coking 
coals  are  burned  in  pulverised  form,  the  flue  dust  invariably  contains 
larger  percentage  of  carbon  than  the  flue  dust  from  free-burning 
coals. 

Particles  of  free-burning  bituminous  coal,  such  as  Illinois  coal, 
when  heated  under  ordinary  furnace  conditions,  do  not  become 
sticky  or  fuse  together,  but  they  burn  individually  without  agglom- 
erating. The  coal  has  a  high-volatile  content  which  is  driven  off 
mostly  as  gas,  leaving  a  comparatively  smaU  amount  of  the  com- 
bustible to  be  burned  as  fixed  carbon.  Flue  dust  from  free-burning 
powdered  coal  contains  less  unburned  carbon  than  the  flue  dust 
from  powdered  coking  coals. 

Particles  of  sub-bituminous  coals  and  Hgnites  do  not  fuse  together 
into  large  pieces.  On  the  contrary,  they  may  actually  disintegrate 
into  smaller  particles  just  as  they  do  on  grates.  The  rapid  heating 
of  the  pulverised  coal  particles  greatly  favours  such  disintegration. 
A  particle  may  split  into  a  large  number  of  much  smaller  particles 
with  several  times  the  surface  of  the  original  particle.  Flue  dust 
resulting  from  the  combustion  of  pulverised  hgnites  usually  con- 
tains less  than  2  per  cent,  of  combustible  and  does  not  contain  large 
particles  of  carbon  such  as  may  be  found  in  flue  dust  from  coking 
coals. 

The  reactivity  of  the  fixed  carbon  with  oxygen  may  also  differ 
with  the  physical  characteristics  of  the  various  coals.  When  oxygen 
comes  in  contact  with  the  fixed  carbon  resulting  from  coking  coals, 
the  products  of  combustion  may  be  largely  COg,  whereas  with  the 
free-burning  coals  and  particularly  with  lignites,  they  may  be  largely 
CO,  which  diffuses  into  the  furnace  atmosphere  and  easily  finds  the 
small  amount  of  oxygen  that  it  needs  to  burn  to  COg.  Thus  the  fixed 
carbon  of  the  free-burning  coals  may  be  easier  to  gasify  rapidly 
than  the  carbon  of  coking  coal. 

Fig.  2  shows  to  what  extent  the  loss,  due  to  unburned  carbon  in  the 
flue  dust,  depends  on  the  origin  of  the  coal.  Anthracite  is  the  most 
difficult  to  bum  completely  because  the  coal  is  very  dense  and  each 
particle  contains  a  larger  amount  of  combustible  than  a  particle 
of  bituminous  coal  of  the  same  size.    The  combustible  is  mostly  in 
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the  form  of  fixed  carbon  and  nearly  all  the  oxygen  must  be  brought 
in  contact  with  the  surface  of  this  particle  before  combustion  can 
take  place. 

Lignite  bums  down  almost  completely  to  ash.    Lignite  particles 
are  much  less  dense  than  those  of  other  coals.    In  addition,  they 
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Fig.  2.     Curves  showing  to  what  extent  losses  due  to  unbumed  carbon 
in  flue  dust  depend  on  origin  of  coal . 

disintegrate  into  a  large  number  of  smaller  particles  with  more 
reacting  surface  available  for  contact  with  oxygen.  Furthermore, 
the  fixed  carbon  is  more  reactive. 
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Efficient^combustion  with  low  excess  air  results  from  continuously 
and  rapidly  mixing  the  fuel  particles  and  air  during  their  passage 
through  the^fumace.  The  fuel  particles  must  move  rapidly  in  relation 
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Fig.  3.     Curves  showing  carbon  loss  reduction  accomplished  in  one  plant 
by  increasing  velocity  of  secondary  air. 


to  the  air  in  the  furnace.  Turbulent  flow,  with  rapid  changes  in 
direction  and  speed,  tends  to  produce  maximum  relative  motion 
between  the  soHd  particles  and  the  gases  because  of  the  greater 
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inertia  of  the  particles.  This  promotes  the  good  mixing  so  necessary 
for  rapid  combustion.  Fig.  3  shows  the  considerable  reductions  in 
loss  due  to  unbumed  carbon  in  the  flue  dust  accomplished  in  one 
plant  by  increasing  the  velocity  of  the  secondary  air. 

BURNERS 

Burners  are  used  for  the  purpose  of  introducing  coal  and  air  into 
the  furnace  in  such  a  manner  that  the  mixing  and  union  between 
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Fig.  4.     Diagram  showing  relative  velocity  between  coal  particles  and 
the  furnace  atmosphere,  so  necessary  for  good  mixing. 


air  and  fuel  may  be  as  rapid  as  the  furnace  design  will  permit. 
Three  types  are  used.  These  are: — (1)  vertical;  (2)  horizontal:  and 
(3)  tangential  or  opposed  firing. 

Vertical  Firing 

Burners,  usually  of  fan-tail  form,  fire  vertically  downwards  through 
an  arch.  Part  of  the  combustion  air,  the  primary  air,  is  mixed  with 
the  fuel.   The  rest  of  the  combustion  air  is  introduced  through  ports 
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in  the  front  wall  at  right  angles  to  the  streams  of  fuel  and  primary 
air  and  at  as  high  a  velocity  as  desired.  In  natural-draft  furnaces, 
the  velocity  is  limited  by  the  available  draft.  If  air,  either  cold  or 
preheated,  is  available  under  pressure,  some  of  it  may  be  forced  into 
the  furnace  through  the  burners  and  the  rest  at  very  high  velocity, 
usually  through  ports  in  the  lower  half  of  the  front  wall.  This 
represents  the  most  up-to-date  vertical-firing  practice,  and  results 
in  good  mixing. 

Horizontal  Firing 

This  scheme  of  firing  is  coming  into  favour  rapidly  because  burners 
of  large  capacity,  firing  through  the  front  wall,  can  be  used,  and 
because  there  are  no  arches.  AU  the  air  may  be  put  through  the 
burners  and  air  control  is  simple.  The  required  mixing  results  from 
the  relative  motion  between  the  coal  particles  and  the  air.  As 
illustrated  in  Fig.  4  the  air  expands  and  slows  down  quickly.  The 
coal  particles  slow  down  at  a  much  smaller  rate  on  account  of  their 
mass  and  momentum,  and  the  relative  motion  between  particles  and 
air  is  great. 

Tangential  or  Opposed  Firing 

Quite  recently  the  intense  agitation  or  "turbulence"  found  so 
desirable  for  effective  mixing,  has  been  produced  by  firing  from  the 
four  corners  in  a  manner  to  cause  the  flames  to  impinge  against  one 
another.  Higher  combustion  rates  with  a  given  loss,  due  to  incom- 
plete combustion  of  the  carbon,  are  being  effected  with  this  method 
than  with  any  other.  A  number  of  installations  using  this  method 
are  in  successful  operation. 

THE  USE  OF  PREHEATED  AIR 

The  widespread  adoption  of  turbine  stage-bleeding  for  feed-water 
heating  limits  the  appHcability  of  water  economisers  for  waste-heat 
recovery.  Boiler  exit  temperatures  tend  to  rise  as  higher  steam 
pressures  are  used,  and  higher  boiler  ratings  developed,  and  it  is 
desirable  that  heat  be  recovered  from  the  flue  gases.  Air  heaters 
are  well  suited  for  this  purpose,  and  are  excellent  substitutes 
for  economisers.  They  have  found  wide  and  successful  applica- 
tion. Plate-type  air  preheaters,  such  as  shown  in  Fig.  5,  are 
the  most  widely  used.  Tubular  and  regenerative  air  preheaters 
are  also  extensively  used.  Boiler  plant  efficiency  increases  of  2 
per  cent,  to  7  per  cent.,  due  to  heat  recovery  by  air  preheaters, 
are  on  record.   Experience  indicates  that  heat  transfer  rates  of  2  to 
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5  B.Th.U.  per  square  foot  per  degree  F.  are  being  obtained,  depend- 
ing on  the  mass  velocities  through  the  air  preheaters. 
Water-cooled  powdered  coal  furnaces  set  no  hrnit  to  the  temperature 
of  preheated  air,  as  do  stokers.  Highly  preheated  air  accelerates  the 
ignition  of  the  powdered  coal  particles. 


I  CLEANING  DOOR  | 


Fig.  5.      Plate  type  air  preheater.     Elements  may  be  cleaned  with  steam 
or  air  lances. 

FURNACES  FOR  BURNING  POWDERED  COAL 

Designers  of  furnaces  for  the  combustion  of  powdered  coal  are 
striving  to  increase  furnace  capacities.  Combustion  rates  were,  at 
first,  limited  by  the  inadequacy  of  furnace  construction  available. 
The  use  of  the  water  screen  above  the  ash-pit,  either  as 
appHed  to  sohd  or  to  hollow  refractory  furnaces,  marks  an 
important    development. 
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This  was  followed  by  the  development  of  the  modem  all-metal 
water-  and  steam-cooled  furnace  essential  for  combustion  at  high 
rates  with  highly  preheated  air. 

Solid  Refractory  Furnaces 

Sohd  refractory  furnaces,  patterned  after  stoker  furnaces,  were 
first  used  for  burning  pulverised  coal.  While  they  were  acceptable 
for  small  boilers,  they  could  not  be  easily  appHed  to  large  steam- 
generating  units  without  heavy  bracing  to  prevent  their  bulging. 
Sohd  brick  furnace  waUs  were  subject  to  erosion  by  molten  ash  and 
the  cost  of  maintaining  them  was  high.  Rates  of  heat  hberation  had 
to  be  limited  to  less  than  15,000  B.Th.U.  per  hour  per  cubic  foot  of 
combustion  space  for  continuous  duty,  and  this  rate  could  be 
exceeded  for  short  periods  only.  Combustion  rates  of  coals  with  very 
fusible  ash  had  to  be  hmited  to  12,000  B.Th.U.  Very  often  it  was 
found  necessary  to  prolong  the  hfe  of  the  refractories  at  the  expense 
of  efficiency  by  operating  with  high  excess  air.  Sohd  refractory 
furnaces  for  small  direct-fired  units,  which  must  be  built  cheaply, 
are  stül  being  installed,  especially  in  converted  stoker  plants. 

AiR-CooLED  Refractory  Walls 

Hollow,  air-cooled  refractory  walls  were  developed  in  the  effort  to 
reduce  the  temperature  of  the  refractory  fumac  fining  in  order  to 
reduce  erosion.  The  furnace  fining  is  cooled  by  the  secondary  air 
which  is  passed  over  it  on  its  way  into  the  furnace.  This  air  recovers 
heat  from  the  walls,  part  of  which  normaUy  would  be  lost  by  radia- 
tion, and  returns  it  to  the  furnace  where  it  aids  ignition.  The  furnace 
fining  is  supported  by  a  steel  frame  located  outside  the  waUs,  where 
it  can  remain  cool.  The  steel  frame  supports  the  brick  and  keeps 
the  furnace  fining  from  warping  and  bulging.  This  waU  construction 
is  suitable  for  large  furnaces.  Eroded  portions  are  cheaply  replaced 
without  disturbing  other  parts. 

Rates  of  heat  hberation  of  14,000  to  18,000  B.Th.U.  per  cubic  foot 
of  combustion  space  per  hour  are  permissible  for  continuous  duty. 
If  the  ash  in  the  coal  is  very  fusible,  air-cooling  is  not  sufficiently 
effective  to  protect  the  furnace  lining  against  flame  impingement. 
For  this  reason  turbulence  in  air-cooled  hoUow  wall  furnaces  must 
be  minimised. 

Water-  and  Steam-Cooled  Walls 

Completely  water-cooled  furnaces  have  been  used  for  burning  coal 
on  grates  for  almost  a  century  in  locomotives,  Scotch  marine 
boilers,   Cornish   boilers   and   others.      A   number   of   Bettington 
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boilers,  with  water-cooled  furnaces  for  burning  pulverised  coal, 
have  been  in  satisfactory  operation  for  over  twenty-five  years. 
The  furnace  is  part  of  the  boiler  in  all  these  cases.  Designers  of 
pulverised   coal   furnaces   were   confronted    with    the  problem   of 
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Fig.  6.    Curves  indicating  distribution  of  work  in  a  typical  powdered  coal- 
fired  unit  and  rates  of  steam  generation  and  heat  absorbtion  in  a   1,220 
sq.  ft.  water  screen  above  the  ash-pit  of  this  unit.     The  furnace  walls  are 
of  the  hollow,  air-cooled  type. 


designing  a  water-cooled  furnace  suited  to  existing  designs  of  water- 
tube  boilers.  The  furnace  has  to  be  placed  under  the  boiler  and  con- 
nected to  it  in  such  a  way  as  to  ensure  adequate  water  circulation. 
The  practical  development  of  the  water  screen  for  chilling  the  ash 
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on  its  way  to  the  ash-pit,  below  its  fusion  point,  marks  the  first 
important  application  of  the  water-cooling  principle  to  pulverised 
coal  furnaces.  Water-cooled  tubes  connected  into  the  boiler  circu- 
lation were  placed  over  the  ash-pit  to  prevent  fusion  of  ash  on  the 
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Fig.  7.    Curves  indicating  distribution  of  work  and  rates  of  heat  absorbtion 
in  a  unit  with  water  and  steam-cooled  furnace  fired  with  pulverised  coal. 

bottom  of  the  furnace  and  make  its  removal  easy.  The  rear  wall  was 
next  to  be  protected  by  continuations  of  the  water  screen  tubes, 
which  were  usually  on  10  to  14  in.  centres.  Water-cooling  was 
gradually  extended  to  side  walls. 
These  water-cooled  wall  surfaces  had  for  their  main  object  the 
protection  of  the  brick  wall  back  of  them.  Later,  water-cooled  walls 
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were  developed  which  formed  a  continuous  metaUic  surface  and 
replaced  the  brick  wall  entirely.  More  recently,  some  installations 
were  put  in  with  all  four  walls  and  the  bottom  water-cooled.    In 
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Fig.  8.  Curves  showing  the  relation  of  steam  generation  and  heat  absorb- 
tion  rates  of  bottom  and  rear  wall  screens  to  those  of  side  wall  screens. 
Rear  and  side  wall  screens  are  composed  of  bare  tubes  with  interposed 

refractory* 

some  installations  the  front  wall  is  still  made  of  refractories  for 
mechanical  reasons,  especially  if  the  burners  are  to  be  located  in 
the  front  wall. 

Water-cooled  tubes  covered  with  metal  blocks,  with  or  without 
a  refractory  veneer,  or  bare  tubes  with  interposed  refractory,  are 
used. 
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Water-  and  steam-cooled  metal  walls  eliminate  maintenance  as  a 
serious  design  limitation,  make  possible  high  furnace  temperatures, 
more  intense  mixing  and  higher  combustion  rates.  They  absorb 
heat  and  evaporate  a  great  deal  of  water  into  steam.  In  one  central 
station,  1,220  sq.  ft.  of  water  screen  above  the  ash-pit,  consisting 
of  tubes  on  approximately  1 1  in.  centres,  generates  between  30,000 
and  50,000  lb.  per  hour  of  steam  at  400  lb.  pressure,  cLS  shown  by 
Fig.  6.  The  rates  of  heat  transfer,  as  shown,  are  higher  than  the 
average  for  boilers.  The  screen  represents  less  than  2-5  per  cent,  of 
the  total  water-  and  steam-heating  surface,  but  develops  between 
8  per  cent,  and  16  per  cent,  of  the  total  capacity.  In  one  industrial 
plant  the  furnace  wall  protecting  tubes  constitute  a  boiler  distinct 
from  the  main  boiler.  This  radiant-heat  absorbing  boiler,  consisting 
of  a  water  screen,  fin-tube  side  walls,  and  radiant  superheating 
elements,  is  separately  fed,  and  its  ouput  is  separately  measured,  so 
that  rehable  records  of  its  performance  are  available  daily.  As  may 
be  seen  from  Fig.  7,  heat  is  absorbed  at  a  rapid  rate  and  the  water- 
cooled  furnace  is  responsible  for  15  per  cent,  to  30  per  cent,  of  the 
capacity  developed.  High  transfer  rates  through  bare  tubes  with 
interposed  refractory  protecting  the  furnace  waUs,  were  hkewise 
estabhshed  in  a  central  station  by  tests  during  which  the  entire 
output  of  this  radiant-heat  absorbing  surface  was  measured.  Results 
of  these  tests  are  shown  in  Fig.  8. 

Water-cooled  furnaces  make  steam-generating  imits  of  high 
capacity  possible.  Self-supporting  water-cooled  walls  for  large 
furnaces  are  cheaper  to  install  and  to  maintain  than  the  compli- 
cated steel  and  refractory  structures  required  for  air-cooled  walls. 
Most  of  the  large  steam-generating  units  and  many  small  ones  now 
being  installed,  have  water-cooled  furnaces. 

Experience  with  Furnace  Protecting  Surfaces 

Water-cooled  surfaces  last  indefinitely  if  the  circulating  system  is 
so  designed  that  the  flow  of  water  to,  and  of  the  mixture  of  water  and 
steam  from  the  heat-absorbing  surfaces  is  rapid  and  imobstructed, 
and  if  the  surfaces  are  kept  clean  both  inside  and  outside.  Only 
good  quality  feed  water  shoiild  be  used  and  boiler  water  concentra- 
tions should  be  kept  low.  Whenever  possible,  condensate  and  dis- 
tilled make-up  should  be  used.  If  not,  the  surface  should  be 
frequently  cleaned  internally.  The  rates  of  heat  transfer  are  so  high, 
as  already  shown,  that  scale  layers  as  thin  as  1/32  in.  may  cause 
overheating  of  tubes. 
Experience  has  shown  that  if  too  great  a  proportion  of  the  external 
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surface  of  a  tube  becomes  blanketed  with  thick  layers  of  ash  or  slag, 
overheating  of  the  exposed  portions,  especially  if  near  the  top  of  the 
tube,  may  result.  The  heat  absorbed  by  the  portions  insulated  by 
ash  or  slag  may  be  so  small  that  the  circulation  within  the  tube 
may  be  impaired  sufficiently  to  prevent  the  exposed  portions, 
which  absorb  heat  at  a  high  rate,  from  being  sufficiently  cooled.  For 
this  reason,  tubes  that  are  entirely  covered  with  refractory  or  other 
types  of  blocks  generally  fail  if  portions  of  the  tube  become  exposed, 
due  to  the  erosion  of  the  blocks.  On  the  other  hand,  bare  tubes 
should  not  be  allowed  to  be  heavily  blanketed  with  slag  over  more 
than  a  third  of  their  length.  Bare  tubes  generally  get  coated  with  a 
thin  layer  of  ash.  This  layer  may  or  may  not  fuse.  However,  if  this 
layer  is  not  allowed  to  become  too  thick,  it  does  no  particular  harm. 

ASH  AND  REFUSE  DISPOSAL 

About  25  per  cent,  of  the  ash  from  the  coal  settles  in  the  furnace, 
and  the  rest  is  carried  to  the  atmosphere  in  the  stack  gases  as  a  fine 
dust  unless  first  removed  from  the  gases  by  special  devices. 

Dry  Ash  Removal  from  Furnace 

In  most  installations,  the  ash  deposited  at  the  bottom  of  the 
furnace  is  removed  in  granular  form.  Many  installations  have 
hopper-shaped  bottoms  with  hydraulically-operated  gates  for 
discharging  the  ash.  The  greater  the  slope  of  the  hopper,  the  easier 
it  is  to  rvm  the  ash  out  without  the  use  of  hand  tools.  The  use  of  a 
45°  slope  is  good  practice. 

The  ash  is  usuaUy  discharged  into  a  water-sluice  and  carried  by 
the  water  into  a  settling  basin,  from  which  it  is  removed  with  a  clam- 
shell bucket  hoist  and  loaded  into  cars.  In  some  cases,  the  water  in 
the  sluice  carries  the  ash  directly  to  a  dumping  place,  which  may  be 
low  ground  to  be  filled. 

In  some  plants  the  ash  is  discharged  from  the  hopper  bottom  into  a 
water  trough  from  which  it  is  removed  with  an  ash  drag  conveyor. 
In  others,  it  is  discharged  from  the  ash  hopper  directly  into  a  truck 
placed  vmder  the  gates,  wetted  with  water  sprays  while  discharged, 
and  hauled  away  in  the  same  truck. 

In  most  cases  the  ash  at  the  bottom  of  the  furnace  is  kept  from 
fusing  either  by  a  water  screen  consisting  of  a  row  of  water  tubes 
placed  just  above  the  ash  hopper  and  in  a  few  cases  by  water-cooled 
bottoms.  The  water  screen  is  more  useful  because  it  cools  the  ash 
deposit  from  the  top  and  the  cooUng  effect  is  independent  of  the 
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thickness  of  the  ash  deposit.  The  cooUng  effect  of  the  water- 
cooled  bottom  is  rapidly  reduced  as  the  thickness  of  the  ash  layer 
increases.  If  the  ash  is  allowed  to  accumulate  into  a  thick  layer, 
the  surface  fuses  and  forms  a  crust  which  is  difficult  to  remove. 

Liquid  Ash  Removal  from  Furnace 

Recently,  a  few  installations  have  been  made  in  which  the  ash 
collected  at  the  bottom  is  removed  in  Hquid  form.  The  molten  ash 
is  run  out  intermittently  and  dropped  into  a  spray  of  water.  It  is 
chilled  quickly  and  disintegrated  into  small  pieces  which  are  floated 
into  a  settling  basin.  In  order  to  make  it  possible  to  run  the  ash  out 
of  the  furnace  in  liquid  form,  high  temperature  near  the  bottom  of 
the  furnace  must  be  maintained  and  the  ash  must  be  molten  into  a 
liquid  condition  so  that  it  will  not  readily  solidify  while  running 
through  the  tap-hole.  The  temperature  of  the  molten  ash  in  the 
furnace  is  about  3,000°F.  The  furnace  bottoms  are  flat  and  are  made 
of  refractories  protected  by  a  layer  of  d^olomite  sand. 

The  slag  is  tapped  off  once  or  twice  every  twenty-four  hours  and 
each  tapping  period  lasts  from  one  to  one-and-a-half  hours. 

The  high  furnace  temperature  and  the  liquid  ash  will  undoubtedly 
cause  considerable  erosion  of  such  refractories  as  may  be  contained 
in  the  furnace.  A  number  of  installations  now  in  the  course  of 
construction  will  use  these  slagging  furnaces,  and  the  next  two  years 
wiU  show  more  definitely  the  advantages  and  the  disadvantages  of 
removing  ash  in  liquid  form.  There  is  a  tendency  to  design  slagging 
furnaces  in  such  a  way  that  there  will  be  a  very  high  temperature 
zone  at  the  bottom  of  the  furnace  with  a  zone  there-above  main- 
tained at  a  lower  temperature  due  to  the  heat  absorbtion  of  bare 
metal  water-  or  steam-walls,  where  entrained  ash  particles  may  be 
chilled  before  they  reach  the  boiler.  The  purpose  of  this  is  to 
minimise  slagging  of  boiler  tubes  and  clogging  of  gas  passages. 

Flue  Dust  Precipitation 
The  stack  gases  carry  about  75  per  cent,  of  the  ash  into  the  atmo- 
sphere, which  may  cause  a  public  nuisance.  Efforts  are  made  to 
devise  means  for  removing  this  ash  from  the  gases  before  their 
discharge  into  the  atmosphere.  Electrostatic  precipitators  are  being 
used  successfully  in  two  large  central  stations.  These  remove  80  per 
cent,  to  95  per  cent,  of  the  dust  from  stack  gases,  depending  on  the 
velocity  of  the  gases  through  the  precipitator.  Velocities  of  6  to 
10  ft.  per  second  seem  satisfactory.  Precipitators  catch  most  of  the 
finer  particles  although  they  allow  a  small  proportion  of  the  coarser 
particles  to  go  through.   This  feature  is  an  advantage  because  the 
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very  fine  dust  colours  the  stack  gases  most  and  gives  them  their 
cloudy  appearance.  Most  of  the  other  methods  that  have  been  tried 
to  catch  the  dust  remove  the  coarser  particles  but  allow  the  small 
particles  to  escape  to  the  atmosphere. 

In  one  plant  experiments  have  been  made  with  an  air  washer  in  which 
the  dust  was  removed  by  baffles  and  by  fine  water  sprays.  It  has 
been  reported  that  the  air  washer  removed  most  of  the  dust  from  the 
gases,  but  its  interior  parts  corroded  rapidly,  and  the  apparatus 
lasted  only  a  short  time.  If  such  a  gas  washer  is  to  be  successful,  it 
must  be  made  of  non-corrodible  metal. 

The  problem  of  eliminating  dust  from  stack  gases  is  further  com- 
pHcated  because  ash  dust  is  difficult  to  handle  and  to  dispose  of. 
Efforts  are  being  made  to  find  uses  and  markets  for  it.  It  may  be 
possible  to  return  the  recovered  dust  to  the  slag  bed  of  a  slagging 
furnace  to  be  fused  and  run  out  with  the  rest  of  the  slag. 

TWO  FIRING  SYSTEMS  IN  USE 

The  storage  and  direct-firing  systems  are  both  used.  In  the  Storage 
System,  coal  is  pulverised  when  convenient  and  stored  in  bunkers 
near  the  boilers.  From  these  bunkers  it  is  deUvered  directly  to 
the  furnace  by  the  feeders  as  needed.  In  the  Direct  System,  coal  is 
delivered  directly  to  the  furnace  by  a  pulveriser,  whose  capacity 
may  be  varied  to  suit  the  requirements  of  the  furnace. 

Storage  System 

The  storage  system  was  the  first  to  be  generally  adopted  for  the 
firing  of  steam  boilers.  There  are  more  central  stations  with  storage 
system  than  with  direct-firing. 

Central  stations,  which  were  the  first  to  exploit  the  evident  advan- 
tages of  pulverised  coal-firing,  adopted  the  storage  system  and  they 
have  kept  accurate  and  continuous  performance  records.  Many  of 
these  records  have  been  made  public.  Even  where  company  poHcy 
interfered  with  the  pubhcation  of  such  records,  they  were  passed 
around  among  associated  engineers.  Associations  hke  the  N.E.L.A. 
have  done  much  to  disseminate  knowledge  of  powdered  coal,  so  that 
associates  as  well  as  others  interested  might  benefit  by  the  experience 
of  the  members.  New  plants  and  the  results  claimed  were  subjected 
to  close  scrutiny. 

Advantages  of  Storage  System 

(1)  The  pulverising  and  the  burning  processes  are  kept  distinct. 
Each  process  is  carried  out  imder  the  most  favourable  conditions. 
A  pulveriser  is  essentially  a  one-load  machine,  most  efficient  at  this 
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one  load  and  at  some  definite  air-flow  required  to  produce  the 
necessary  fineness.  If  the  load  or  air-flow  is  varied,  as  must  be  done 
if  the  mill  and  boiler  are  made  interdependent,  the  fineness  of  the 
coal  will  constantly  change  in  an  undesirable  manner  not  conducive 
to  good  furnace  efficiency. 

In  the  storage  system,  coal  may  be  pulverised  when  convenient, 
generally  in  off-peak  hours  when  the  demands  for  saleable  power  are 
not  acute,  and  stored  for  later  use.  The  miUs  may  be  run  at  their 
best  rating,  constantly,  while  pulverising  and  the  fineness  of  the 
pulverised  product  will,  therefore,  not  be  influenced  by  the  varying 
demands  of  the  furnace. 

(2)  Coal  is  pulverised  in  the  off-peak  hours  at  a  much  faster  rate 
than  it  is  burned,  and  the  excess  stored  for  use  during  the  peaks. 
It  is,  therefore,  not  necessary  that  the  installed  pulverising  capacity 
shaU  be  large  enough  to  meet  the  maximum  demand  on  the  station, 
and,  in  general,  fewer  mills  of  lower  aggregate  capacity  are  needed 
for  the  storage  system. 

(3)  The  boiler  plant  with  the  storage  system  is  inherently 
rehable,  for  a  mill  may  break  down  without  interfering  with  the  con- 
tinuity of  the  steam  production.  Generally,  the  output  of  any  mill 
may  be  made  available  to  any  boiler,  and  if  one  mill  needs  to  be 
out  of  service  it  does  not  necessarily  make  one  boiler  unavailable. 

(4)  The  installed  electrical  generating  capacity  of  a  plant  pulveris- 
ing its  coal  in  off-peak  periods,  will  generally  be  less  than  that  of  a 
plant  whose  maximum  pulverising  load  coincides  with  the  meiximum 
station  demand.  In  the  direct-fired  system,  the  maximum  demand 
for  power  for  driving  the  mills  coincides  with  the  maximum  station 
demand  and  enough  extra  steaming  and  generating  capacity  must 
be  provided  to  satisfy  this  demand. 

(5)  Storage  plants  are  more  flexible  because  fuel  and  air  quantities 
and  proportions  may  be  accurately  controlled.  In  several  plants  it 
is  possible  to  vary  the  boiler  output  over  a  12  to  1  range.  This  is 
an  advantage  which  cannot  be  overlooked  for  plants  subject  to 
extreme  variations  in  load  demand,  as  for  example,  paper  mills, 
steel  mills  and  railway  power  plants. 

Disadvantages  of  Storage  System 

(1)  More  equipment,  and,  therefore,  a  larger  building,  are  generally 
required  for  the  storage  plant  than  for  the  direct-fired  plant.  Pul- 
verised coal  bins,  conveyors,  or  transporters,  feeders,  primary  air 
fans,  and  in  some  cases  driers  and  air  washers,  are  necessary. 

(2)  The  dust  emission  from  miU  vents   and  driers,   and   when 
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transporters  are  used,  from  pulverised  coal  bunkers,  often  constitutes  a 
nuisance.  The  nuisance  may  be  mitigated  by  washing  the  vented 
air,  or  eliminated  by  providing  means  of  introducing  the  dusty  air 
into  the  furnace  as  part  of  the  air  required  for  combustion. 

(3)  The  storage  system,  under  certain  conditions,  might  be  some- 
what more  subject  to  fire  hazards  than  the  direct-fired  system.  In  a 
carelessly-operated  plant,  dust  clouds  may  be  raised  when  conveyors 
are  not  properly  sealed  and  coal  dust  is  allowed  to  spill  from  them. 
The  same  kind  of  hazard  may  arise  if  a  pulverised  coal  bunker  is 
allowed  to  overflow. 

(4)  The  storage  system  is  less  easily  applicable  than  the  direct 
system  for  the  remodelling  of  old  plants,  because  of  space  limitations. 

TREND  OF  DEVELOPMENT  OF  STORAGE  PLANT 
EQUIPMENT 

Theoretical  boiler-room  efficiencies  are  being  so  closely  approached 
that  efforts  to  make  improvements  along  other  lines  are  proving 
more  profitable.  The  goal  now  is:  (1)  to  simpHfy  plants;  (2)  to 
improve  apparatus  and  processes;  and  (3)  to  make  possible  higher 
capacities  with  equally  good  economy. 
Storage  System  is  being  Simplified 

The  apparent  simplicity  of  the  direct  system  stimulates  those 
engineers  who  are  reluctant  to  give  up  the  many  advantages  of  the 
storage  system  to  simplify  the  storage  system.  The  trend  of 
design  is:  (1)  to  place  the  preparation  equipment  near  to,  or  in  the 
boiler  room;  (2)  to  eliminate  driers  and  to  dry  coal,  when  necessary, 
in  the  mill  while  undergoing  pulverisation;  (3)  to  ehminate  vented 
air  washers  and  to  dispose  of  the  dusty  vented  air  by  using  it  either 
as  primary  air  for  combustion  or  as  a  part  of  the  secondary  air,  as 
shown  by  Fig.  9;  (4)  simpHfy  conveying  by  grouping  the  pulverising 
cind  steaming  equipment  in  imits. 
Equipment  and  Processes  are  being  Improved 

A  great  deal  of  attention  is  being  devoted  to  the  improvement  of 
pulverising,  drying,  and  coal-dust  conveying  or  transporting  systems. 
Pulverising 

The  pulverising  process  has  not  imdergone  as  intensive  develop- 
ment as  the  burning  process.  Fimdamentally,  pulverising  machines 
are  the  same  to-day  as  when  pulverised  coal-firing  first  became 
acceptable  for  boilers.  No  new  principles  have  been  applied  for 
reducing  coal  to  powder,  nor  has  the  efficiency  of  the  pulveriser  been 
markedly  improved.   Development  has  been  chiefly  concerned  with: 

(a)  Increasing  the  sizes  of  the  pulverisers  so  as  to  concentrate  more 
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Fig.  9.     Typical  methods  of  utilising  vented  air  for  combustion,  thereby 
eliminating  venting  nuisance  from  pulverising  system  with  mill  drying. 
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capacity  into  single  units.  Mills  rated  at  25  tons  per  hour  each 
are  now  in  use. 
(6)  Improving  pulverisers  mechanically  to  conform  more  nearly 
with  central  station  standards  by: 

(1)  Making  machines  more  accessible;  and  by 

(2)  Providing  means  for  lubricating  moving  parts  within  the 
grinding  zone  automatically,  especially  in  pendulum  roller- 
type  mills.  Central  lubricating  systems,  such  as  shown  in 
Fig.  10,  are  in  successful  operation  in  several  plants.  Pul- 
verisers so  equipped  may  be  run  for  long  periods  without 
shutdowns  for  lubrication.  This  is  also  an  advantage  when 
such  pulverisers  are  to  be  used  for  direct  firing. 

(c)  Decreasing  maintenance  costs. 

Mill  exhauster-fan  blades  wear  out  rapidly.  Blades  have  been 
made  of  many  metals  in  an  effort  to  discover  one  which  would 
last  longer.  Experience  indicates  that  boiler  plate  is  generally 
the  most  economical  metal  to  use,  being  both  the  cheapest 
and  the  most  durable.  Brass,  copper,  Bakehte,  and  rubber- 
coated  steels,  as  well  as  special  steels  of  various  heat  treatments 
have  been  tried  with  indifferent  success.  Steel  blades  with 
steUited  wearing  surfaces  or  ridges  have  also  been  tried.  The 
resultsobtainedhave  not  been  encouraging,  on  account  of  the  high 
cost  of  steUiting.  It  costs  about  $6.00  per  lb.  of  steUite  appHed. 
The  real  forward  stride  in  eliminating  fan-blade  wear  as  a 
factor  was  made  when  the  mill  exhauster  was  placed  on  the 
return  side  of  the  miU  circuit,  where  it  may  handle  air  relatively 
free  from  dust.  Very  little  has  been  done  to  prolong  the  hfe 
of  the  other  parts  of  the  pulverising  system,  except  perhaps, 
in  the  case  of  separators  and  piping  which  are  being  built  of 
\  in.  plate  or  cast-iron  now  instead  of  ^  in.  plate  as  was  the 
original  practice.  Table  A  is  a  general  summary  of  the  hfe  and 
cost  of  maintaining  parts  of  the  pulverising  system. 

TABLE  A 

AVERAGE  LIFE  OF  WEARING  PARTS  OF  SIX-TON   ROLLER  MILL 

AND  MAINTENANCE  COSTS 

(Based  on  Tests  with  Red  Jacket,  West  Virginia  Bituminous  Coal) 


Items. 

Average  life 

of  parts. 

Tons. 

Typical  maintenance  cost 

per  ton  of  coal  milled. 

Cts.  per  ton. 

Mill  rolls 

Bull  ring    ... 
Plow  tips 

Exhauster  blades... 
Exhauster  liners 

Total      

10,000-15,000 

35,000-75,000 

9,000-13,000 

5.000-10,000 

10,000-14,000 

1-55 
014 
0-24 
0-21 
0-64 
2-78 
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OIL    SUPPLY    PIPE 


Fig.   10.     Central  lubricating  system  for  a  pendulum  type  roller  mill. 
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Improving  Pulverising  Performance 
The  capacity  of  a  given  mill  when  pulverising  a  certain  coal 
to  a  particular  fineness,  may  be  improved  by  heating  or  dr5àng 
the  coal  either  before  or  while  imdergoing  pulverisation. 
Mill  capacity  is  influenced  by  the  moisture  in  the  coal,  as  shown 
by  Fig.   11.    The  capacity  of  a  mill  will  vary  greatly  when 
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Fig.  1 1.     Effect  of  moisture  in  raw  coal  on  mill  capacity  at  a  given  fineness. 

pulverising  to  a  given  fineness,  coals  of  different  origin.  This 
is  shown  by  Table  B.  In  general,  Laminar,  high-volatile  coal 
and  anthracite  seem  to  be  the  hardest  to  pulverise;  semi- 
bituminous  coals  which  have  granular  structure  such  as  New 
River  and  Pocahontas  coal,  certain  of  the  granular,  high-grade 
bituminous  coals,  such  as  SterUng  and  Webster  coal,  dry 
Hgnites  and  certain  of  the  sub-bituminous  coals,  are  relatively 
friable,  and  can  be  pulverised  at  high  rates.  The  same  factors 
which  tend  to  make  mill  capacity  high  also  tend  to  make  the 
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power  consumption  low.  Drying  either  before  or  during 
pulverisation  helps  to  reduce  the  power  consumption.  More 
efficient  types  of  mill  fans  may  be  used  if  the  mill  exhauster  is 
placed  in  the  return  side  of  the  miU  circuit,  where  the  fan  need 
handle  very  Httle  dust.  This  makes  possible  further  power 
savings.  Several  installations  report  power  savings  of  from 
10  per  cent,  to  25  per  cent,  in  favour  of  the  new  system. 

TABLE  B 
CAPACITY    OF    SIX-TON    PENDULUM    ROLLER    MILL    WITH 
COALS  OF  DIFFERENT  ORIGIN 


Moisture 

Capacity  of 

Plant  No. 

Kind  of  coal. 

in  coal. 

Mill. 

Per  cent. 

Tons/Hr. 

1 

River  Anthracite 

2-5 

2-75 

2 

Lykens  semi-anthracite 

3-8 

40 

3 

Heilner,  West  Virginia  Bitu- 

minous 

3-0 

4-5 

4 

Texas  Lignite... 

300 

5-6 

5 

Pittsburgh  Bituminous 

2-5 

60 

6 

Red   jacket,    West  Virginia, 

bituminous 

2-5 

6-0 

7 

Colorado  Lignite 

200 

6-3 

8 

Illinois  Bituminous   ... 

6-4 

6-5 

9 

New  River  West  Virginia 

bituminous 

2-8 

7-2 

10 

No.  3  Pocahontas  bituminous 

3-3 

8-2 

11 

Clearfield  Co.,  Pa.  bituminous 

2-5 

120 

Drying 

It  was  deemed  necessary  to  dry  coal  down  to  less  than  1  per  cent, 
moisture  in  the  early  days  of  powdered  coal.  Horizontal  rotary 
driers  of  the  kiln  type,  as  shown  in  Fig.  12,  were  first  used.  Most 
engineers  soon  manifested  a  desire  to  ehminate  these  because  they 
took  up  so  much  room  and  had  other  vmdesirable  characteristics. 
They  were  generally  separately  fired  and  subject  to  fire  hazards. 
Much  dust  escaped  and  special  provisions  were  required  for  making 
the  gas  discharged  from  the  drier  inoffensive  from  the  point  of  view 
of  atmospheric  pollution.  In  view  of  this  many  plants  were  designed 
without  driers  of  any  kind  and  these  plants  are  still  in  successful 
operation.  It  was  proved  unnecessary  to  dry  coal  to  the  extent  at 
first  supposed. 

Vertical  Gravity  Driers 

For  certain  conditions  it  was  not  thought  desirable  to  dispense 
with  driers  entirely.  Drying  apparatus  not  subject  to  the  disadvan- 
tages of  kiln  driers  had  to  be  developed,  for  example,  vertical 
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gravity  flue-gas  and  steam  driers.  Gravity  driers  proved  satisfactory 
with  clean  coal  free  from  excessive  fines.  Fine,  wet  and  dirty  coal 
arches  and  hangs  up  in  the  drier,  interrupting  the  continuity  of  the 
coal  stream.  Gas  or  air,  instead  of  flowing  through  the  coal,  short 
circuits  through  the  holes  formed  under  the  arches,  thus  retarding 
drying.  Chain  agitators  developed  to  overcome  this  hanging  up 
tendency  were  effective  and  good  results  are  being  obtained  with 
driers  of  this  type  in  several  plants.  The  effectiveness  of  this  type 
of  drier  depends  on  the  initial  free  moisture  content  of  the  coal, 
and  on  the  amount  of  heat  that  can  be  introduced  into  the  coal 
during  its  passage  through  the  drier.  The  ratio  of  air  to  coal  in 
steam  driers  seems  to  have  no  marked  influence,  although  in  flue-gas 
driers  where  the  heat  must  be  suppHed  to  the  coal  by  contact  with 
flue  gas,  the  ratio  of  flue  gas  to  coal  as  well  as  the  temperature  and 
humidity  of  the  flue  gas  have  some  effect.  Fig.  12  shows  several 
types  of  gravity  driers,  together  with  data  on  their  performance. 

Vertical  Rotary  Driers 

Vertical  rotary  driers  resembling  ore-roasting  furnaces,  in  which 
the  coal  is  mechanically  scraped  over  steam-heated  surfaces  through 
or  against  a  current  of  air,  were  developed  for  those  conditions  de- 
manding a  positive  means  of  getting  raw  coal  through  the  driers. 

Driers  of  this  type  have  performed  very  satisfactorily  with  coals 
of  moderate  moisture  content.  Fig.  12  shows  such  a  drier,  together 
with  data  on  the  results  being  obtained  in  several  plants. 

Mill  Drying 

Raw  coal  driers  are  generally  dispensed  with  in  plants  now  being 
designed.  Coal  is  dried  while  undergoing  pulverisation  by  introduc- 
ing hot  air  or  flue  gas  into  the  mill.  It  is  necessary  to  abstract  or 
vent  from  the  system  an  amount  of  air  or  gas  equal  to  the  amount 
added  after  its  humidity  or  vapour  pressure  has  been  raised  the 
desired  amoimt.  Several  plants  have  been  drying  coal  satisfactorily 
with  this  system  for  many  years,  and  its  appHcation  is  now  becoming 
general  in  pulverised  coal  plants  as  well  as  in  plants  pulverising 
other  material. 

Small  steam  heaters  are  often  used  for  raising  the  temperature  of 
the  air  to  be  introduced  into  the  mill  system.  When  either  heated 
air  or  flue-gas  ducts  are  located  near  the  pulverisers  the  drying 
medium  may  be  bled  from  these  sources. 

The  amount  of  moisture  that  may  be  removed  by  this  process  from 
a  given  quantity  of  coal  depends  on:  (1)  the  quantity,  temperature, 
and  the  humidity  of  the  air  introduced  into  the  system:  (2)  the  initial 
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Fig.  12.     Diagrammatic  views  of  representative  types  of  ccal  driers  with 
typical  performance  curves. 
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Fig.  12 — continued.     Diagrammatic  views  of  representative  types  of  coal 
driers  with  typical  performance  curves. 


488 


US.A.:   POWDERED   COAL   FOR  STEAM   PURPOSES 

temperature  of  the  coal;  (3)  the  initial  moisture  content  of  the  coal; 

(4)  the  amoimt  of  heat  developed  in  the  mill  by  the  milling  process. 

Fig.  1 3  shows  approximate  drjdng  performance  to  be  expected  with 

various  quantities  of  air  at  different  temperatures.    These  curves 
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Fig.  13.     Diagram  for  approximating  performance  of  mill  drying  systems. 


may  be  considered  as  approximate  only,  because  corrections  have  not 
been  made  for  variations  in  the  initial  temperature  of  the  coal, 
initial  humidity  of  the  drying  medium  and  variations  in  the  amount 
of  heat  hberated  during  the   milling  process.    These   curves   are 
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correct  to  within  plus  or  minus  10  per  cent.,  which  for  estimating 
purposes  is  accurate  enough. 

Actual  results  being  obtained  with  the  mill-drying  system  are 
shown  in  Table  C.  The  chief  factor  Hmiting  the  amount  of  drying 
that  may  be  accompHshed  in  the  miU-drjàng  system  is  the  amount  of 
air  that  may  be  vented.  If  all  the  air  handled  by  the  mill  is  vented, 
the  drying  may  be  expected  to  be  a  maximum  with  a  given  temper- 
ature. It  is  seldom  permissible  to  vent  all  the  air  unless  the  vented 
air  can  be  used  in  the  combustion  process.  The  vented  air  carries 
very  fine  dust  in  suspension.  This  dust  is  usually  so  fine  that 
separators  are  ineffective  in  removing  it  from  the  air.  A  nuisance 
from  the  point  of  view  of  atmospheric  pollution  is  created  when  too 
much  dusty  air  is  vented. 


TABLE  C 
RESULTS  OF  TEST  OF  A  ROLLER  MILL  DRYING  SYSTEM 


Test  No. 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

Kii 

id  of  coal 

Pocahontas 

Moisture  in  raw  coal 

to  mill      per  cent. 

5-0 

4-5 

4^08 

321 

3^07 

2-63 

Moisture   in    pulver- 

ised coal  from  mill 

1-6 

1-10 

•89 

•72 

114 

1-20 

Coal  milled  per  hr. 

tons 

22 

22-5 

230 

24^5 

24 

23 

Temperature  of  raw 

coal  to  mill        F° 

75 

75 

75 

75 

75 

75 

Temperature  of  hot 

air  to  mill          F° 

375 

377 

377 

377 

378 

377 

Temperature  of  hot 

airand  return  air  F° 

295 

279 

300 

320 

312 

282 

Temperature  of  coal 

and    air    leaving 

mill                      F° 

125 

119 

128 

135 

140 

130 

Total  air  circulated. 

lb.  per  hour 

43,700 

48,000 

48,600 

50.800 

54,000 

45,700 

Total  air  added  to 

system,  lb.  per  hr. 

30,600 

26,400 

28,800 

35,600 

36,500 

31,000 

Lb.    air   added    per 

lb.  of  coal 

•69 

•58 

•63 

•73 

•76 

•68 

Total    air   returned 

to  mill.  lb.  per  hr. 

13,900 

22,000 

20,000 

16,300 

15,600 

13,200 

Total     air     vented. 

lb.  per  hr. 

30,600 

26,400 

28,800 

35,C00 

36,500 

31.000 

Dry  and  wet  dust  collectors  or  air  washers  have  been  developed  for 
the  purpose  of  minimising  the  nuisance  by  cleaning  the  vented  air 
before  it  is  discharged  into  the  atmosphere. 
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Dry  collectors,  in  general,  have  not  been  successful  cleaning  agents. 
Although  some  of  these  are  effective  in  removing  quite  a  lot  of  the 
dust  from  the  vented  air,  the  colouring  power  of  the  remainder  is 


STEAM    JETS-  PLUG   TYPE 
STEAM    REQ'D  -  APPROX    I  LB     STEAM 
PER    30  LB  OF  AIR  WASHED 


WATER    SPRAYS  -  YARWAY    INVOLUTE 
WATER  REQD  -APPROX    I  LB.    WATER    PER 
6  LBS  OF  AIR  WASHED 


SLUDGE  DRAIN 


Fig.  14.     Steam  and  water  spray  air  washer.     Dusty  gas  humidified  with 
steam,  which  later  is  caused  to  condense  on  particles  by  fine  water  sprays. 


still  so  marked  that  the  nuisance  is  not  greatly  minimised  in  spite  of 
the  cleaning. 
Air  washers,  utihsing  water  and  steam  sprays  for  the  purpose  of 
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washing  dust  from  the  vented  air,  are  quite  effective.  The  efficiency 
of  some  of  these,  as  for  example,  the  tjq^e  shown  in  Fig.  14,  is  quite 
high,  often  90  per  cent,  to  95  per  cent.  Some  engineers  find  air 
washers  objectionable  because  the  coal  which  finds  its  way  into 
the  sludge  rejected  by  the  air  washer  is  generally  not  economically 
recoverable. 

When  air  washers  are  used  in  connection  with  mill-drying  systems, 
and  the  amount  of  air  vented  is  apt  to  be  considerable,  it  is  desirable 
that  some  means  be  provided  for  recovering  a  considerable  portion 
of  the  dust  in  dry  and  usable  form  from  the  vented  air  before  its 
admission  to  the  air  washer. 

It  is  much  easier  to  concentrate  the  dust  than  to  remove  it  entirely. 
For  that  reason,  concentrators  or  skimmers  have  been  successfully 
applied  in  several  cases.  These  concentrate  75  per  cent,  or  more  of 
the  dust  entrained  in  the  vented  air  into  15  per  cent,  to  20  per  cent, 
of  the  total  air.  The  concentrated  mixture  is  returned  to  the  mill 
and  given  an  opportunity  to  pass  through  the  cycle  again,  whereas 
the  other  80  per  cent,  to  85  per  cent,  of  the  air  containing  only 
one-quarter  of  the  original  dust  is  sent  to  the  air  washer.  By  means 
of  this  method  it  is  possible  to  reduce  the  sludge  loss. 

CCK\E\1KG 

The  location  of  the  raw  coal  unloading  and  storage  facilities  with 
respect  to  the  proposed  location  of  a  powdered  coal  plant,  generally 
determines  whether  the  pulverising  equipment  should  be  placed  in  a 
separate  building  near  the  coal  pile  or  in  the  power  plant.  The  coal 
unloading  and  handling  and  pulverising  equipment  of  some  of  the 
first  central  stations  was  housed  in  a  separate  building  because: — 

(1)  Unloading  and  handhng  of  raw  coal  is  the  dustiest  step  in  the 
steam-making  process,  and  it  was  considered  desirable  to  carry  on 
dusty  processes  as  far  from  the  power  plant  as  possible. 

(2)  Fire  hazards  of  powdered  coal  preparation  were  so  exaggerated 
that  it  was  deemed  desirable  to  keep  the  pulverising  equipment 
away  from  the  power  plant.  Therefore,  preparation  and  handling 
equipment  were  housed  together. 

As  engineers  became  more  confident,  they  located  the  coal  prepar- 
ation equipment  in  the  boiler  plant,  but  in  a  separate  room.  Some 
engineers  have  gone  even  further  and  have  located  the  preparation 
equipment  in  the  boiler-room.  Air  transporters  or  screw  con- 
veyors are  used  for  distributing  the  powdered  coal  to  the  various 
bunkers.  Data  on  the  comparative  performance  of  these  two  types 
of  conveying  systems  are  given  in  Table  D. 
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TABLE  D 

COMPARISON   OF   POWER   CONSUMPTION   OF   SCREW 
CONVEYORS  AND  AIR  TRANSPORTER  SYSTEM 

(Based  on  averages  of  four  months  tests) 


Screw- 
conveyors 


Total  length  of  system — ft., 
AV.,  kWh.  per  ton  for  drive  motors 
Av.  kWh.  per  ton  for  air  compressor 
Total  AV.  kWh.  per  ton  coal  transported 
AV.  kWh.  per  ton  per  ft.  conveyed 


81 
•26 


•26 
•0032 


Screw  Conveyors 

The  most  reliable  means  for  transporting  pulverised  coal  is  the 
screw  conveyor.  Cast-iron  flights  in  cast-iron  troughs  move  the  coal 
with  small  power  consumption.  The  screw  conveyor  is  accessible, 
easily  maintained  and  handles  fairly  moist  coal  satisfactorily. 


Air  Transporters 

Transporters  have  been  widely  applied  in  recent  years  for  long 
distance  transportation  of  pulverised  coal.  The  transporter  abstracts 
pulverised  coal  from  a  hopper  and  forces  it  into  a  stream  of  air  under 
pressure.  The  air  carries  the  coal  through  pipes  and  delivers  it  to 
points  of  usage.  It  is  possible  to  transport  powdered  coal  over  long 
distances,  up,  down,  or  lateraUy,  in  straight  hues  or  around  corners, 
by  this  method.  This  is  an  advantage  not  possessed  by  screw 
conveyors.  However,  it  costs  more  to  operate  transporters  because 
the  power  required  to  compress  the  transport  air  to  the  high  pressure 
required  is  considerable.  Furthermore,  transporters  are  very 
sensitive  to  the  moisture  content  of  the  coal  and  generally  are  not 
suitable  for  handling  very  wet  coal. 

The  air  must  usually  be  compressed  to  a  pressure  of  about 
100  lb.  per  square  inch,  and  subjected  to  treatment  to  eliminate  the 
moisture  and  oil  before  it  can  be  satisfactorily  utilised  for  trans- 
porting coal.  In  general,  the  air  compressor  has  to  be  equipped  with 
inter-coolers  and  after-coolers  and  followed  by  large  receivers  for 
the  elimination  of  as  much  of  the  moisture  as  possible.  Water 
vapour  is  not  troublesome  and  efforts  have  been  made  to  keep  the 
water  in  this  form  by  heating  the  compressed  air,  usually  to  200°  or 
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250°F.  before  its  use  in  the  transporter.  Water  in  the  Uquid  form 
causes  coal  to  stick  to  the  walls  of  the  transport  lines, 
and  this  makes  them  plug  and  causes  the  transport  valves  to  foul. 
It  has^  been  found  good  practice  to  insulate  and  otherwise 
protect     transport    lines    from    cold    weather.     In    many    plants 
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Fig.  1 5.     Curves  showing  effect  of  parallel  or  multiple  operation  of  trans- 
porters on  compressed  air  consumption. 


transport  lines  are  run  in  tunnels  or  enclosed  overhead 
structures  heated  some  way,  generally  by  means  of  a  steam 
pipe  parallel  to  the  transport  lines.  Transporters  are  in  use 
capable  of  moving  100  tons  of  coal  an  hour  through  an  8  in.  line 
for  distances  up  to    1,000  ft.    Fig.    15  shows    typical  transporter 
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performance.  Transporters  may  be  operated  singly  or  in  parallel. 
In  one  plant  as  many  as  five  deliver  coal  into  a  single  line. 
Coal  may  be  delivered  to  as  many  points  as  desired  by 
use  of  the  required  number  and  arrangement  of  switching 
valves,  as  shown  by  Fig.  16.  The  valves,  in  general,  operate 
through  a  remote  valve  control  system. 


TRANSPORTER  NO.  I 


TRANSPORTER    NO.  2 


TRANSPORTER  N0.3 


Fig.    16.     Diagram  showing  three  transporters  arranged  for  operation 
singly  or  in  multiple. 


Feeding 

Pulverised  coal  must  be  fed  to  the  furnace  accurately  in 
proportion  to  the  demand  for  steam.  It  is  not  easy  to  feed 
either  when  the  coal  is  very  dry  or  when  very  moist.  When 
dry  it  tends  to  flood  through  small  clearances  in  an  uncontrollable 
manner.  When  wet  it  packs  and  is  difficult  to  feed  regularly 
and  imiformly.  Screw  feeders  and  star  feeders  such  as  those 
shown  in   Fig.  17   are   used. 
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DIRECT-FIRED  SYSTEM 

The  direct-firing  system  is  favoured  by  many  engineers  on 
accoimt  of  the  simple  plant  arrangements,  such  as  shown  by  Fig.  18, 
which  this  system  makes  possible.  It  is  to  be  found  chiefly  in  in- 
dustrial power  plants,  but  central  stations  also  are  adopting  the 


Fig.  18.  Typical  direct-fired  units.  One  is  a  simple  arrangement  with  hori- 
zontal firing  suitable  for  small  plants.  The  other  is  a  more  elaborate 
arrangement  for  vertically  firing  a  1.400-lb.  pressure  boiler  in  a  central 
station. 

direct-firing  method.  Only  one  central  station  is  in  operation  at  the 
present  time  using  the  direct  method  exclusively,  although  in  several 
central  stations  direct-fired  units  have  been  added  to  supplement 
stoker-fired  units  or  boilers  fired  with  the  storage  system.  There  is 
little  rehable  information  from  which  to  compute  operating 
efficiencies  of  direct-fired  plants  over  long  periods.  In  the  industrial 
field,  where  nearly  all  the  steam  plants  exclusively  direct-fired 
may  be  found,  records  are,  in  general,  incomplete  or  unavailable  for 
comparison  with  the  generally  accurate  storage  plant  performance 
figures  which  have  been  pubhshed  by  the  central  stations.  Such 
figures  as  are  available  indicate  that  storage  plants  are  doing  better 
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over  long  periods  of  time.  Reliable  data  as  to  the  efficiency  of  direct- 
fired  plants  will  become  available  only  after  central  stations  now 
being  designed  or  built  to  use  the  direct  method  exclusively  have 
been  in  successful  operation  for  some  time. 

Advantages  of  the  Direct  System 

(1)  Direct-firing  is  favoured  by  some  engineers  because  driers, 
cyclone  separators,  powdered  coal  conveyors  or  air  transporters, 
powdered  coal  btmkers,  feeders  and  primary  air  fans  are  not  required. 
The  mill  is  placed  in  front  of  the  boiler  under  the  raw  coal  bunker 
from  which  raw  coal  is  supplied  to  the  mill  by  means  of  a  chute 
much  in  the  same  way  as  coal  is  supplied  to  a  stoker.  The  mill 
delivers  powdered  coal  directly  to  the  furnace,  like  a  stoker.  This 
=;imilarity  to  stoker-firing  appeals  to  the  operating  engineer. 

(2)  Fire  hazards  are  comparatively  small  with  the  direct  system 
because  there  is  no  stored  coal  to  spill.  However,  furnaces  fired  by 
this  system  are  more  subject  to  "puffs"  and  flareback  which  may 
cause  flames  to  be  blown  into  the  boiler-room  due  to  uncertain 
control. 

(3)  Because  fewer  pieces  of  apparatus  are  necessary  for  this  method 
the  plant  may  be  made  more  roomy,  airy  and  fight. 

(4)  A  direct-fired  plant  may  cost  less  than  a  storage  plant  if  designed 
for  nearly  constant  load  and  high  load  factor.  The  storage  system 
might  be  cheaper  for  a  plant  required  to  carry  a  highly  variable 
load.  Stand-by  stations,  subject  to  great  seasonal  load  variations, 
but  which  are  required  to  carry  constant  high  loads  while  operating, 
are  suitable  for  direct-firing. 

(5)  Fewer  burners  are  generally  employed  when  direct-firing 
method  is  used.  This  is  considered  an  advantageous  simphfication 
by  some  engineers,  but  is,  in  fact,  more  of  a  necessity  than  an 
advantage,  because  sub-dividing  the  stream  of  coal  and  air  from  a 
mill  among  many  burners  is  always  difficult  and  leads  to  operating 
troubles. 

Disadvantages  of  Direct-Firing  Method 
The  cement  industry  had  employed  the  direct-firing  method  for 
kilns  twenty  years  before  powdered  coal  was  used  for  firing  steam 
boilers.  One  might  wonder  why  the  storage  system  was  invented  for 
boiler  firing  and  why  the  direct  method  was  not  immediately 
adopted  for  that  purpose.  Experience  in  the  cement  industry 
revealed  some  inherent  disadvantages  of  the  direct  system  which 
those  who  first  adopted  powdered  coal  felt  had  to  be  overcome. 
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These  disadvantages  are: — ■ 

(1)  Coal  supply  to  furnace  is  neither  uniform  nor  dependable. 
The  feeding  of  raw  coal  to  the  mill  is  not  subject  to  precise  control. 
The  rate  at  which  coal  is  fed  depends  not  only  on  the  speed  of  the 
feeder  but  also  on  the  sizing  and  moisture  content  of  the  raw  coal. 
The  average  sizes  of  the  raw  coal  lumps  vary  constantly,  and, 
therefore,  the  feeder  capacity  will  not  necessarily  be  proportional  to 
feeder  displacement.  Wet  coal  may  hang  up  in  the  raw  coal  bunker, 
or  in  the  chute  to  the  mill  or  in  the  feeder.  Foreign  material  such  as 
wood,  rags,  rocks  or  spikes  usually  get  caught  in  the  feeder,  and  may 
stop  it  altogether.  If  there  is  but  one  mih  per  boiler  the  fire  goes  out. 

(2)  Proper  air-to-coal  ratio  is  difficult  to  maintain  during  the  un- 
controllable variations  in  the  rate  of  coal  feed  mentioned.  The  air 
supply  to  the  furnace  will  probably  remain  constant  because  it 
would  be  impossible,  or  too  much  trouble,  for  the  operator  to  vary 
the  air  fiow  to  follow  the  variations  in  the  coal  feed.  Excessive 
juggling  of  the  primary  air  may  cause  the  mill  to  plug. 

(3)  Interdependence  of  the  pulverising  and  combustion  process 
is  not  conducive  to  best  efficiency.  The  fineness  of  the  pulverised 
coal  varies  inversely  with  the  output  of  the  mill  and  the  air  flow 
through  it. 

(4)  MiU  output  and  fineness  of  the  coal  decrease  as  mill  parts  wear. 
In  general,  direct-fired  plants  must  be  provided  with  miUs  of  excess 
capacity  to  compensate  for  the  effect  of  wear  on  capacity  and  fine- 
ness, otherwise  steaming  capacity  and  boiler  efficiency  will  decrease 
as  mills  wear. 

(5)  When  a  mill  breaks  down  the  boiler  served  by  it  may  be  either 
partially  or  entirely  put  out  of  service,  depending  on  how  many 
mills  there  are  per  boiler. 

(6)  The  flexibility  of  direct  systems  is  limited.  The  range  of  rating 
over  which  good  combustion  may  be  maintained,  is  small.  If  one 
mill  is  used  per  boiler  the  ratio  is  at  best,  1  to  3.  When  more  mills 
are  used  per  boiler  the  ratio  is  higher  but  with  storage  systems  the 
range  is  often  as  high  as  1  to  12. 

(7)  It  is  difficult  to  distribute  evenly  the  mixture  of  coal  and  air 
from  the  mill  among  many  burners.  To  minimise  this  difficulty  the 
burners  are  made  as  large  as  possible  so  that  one  or  possibly  two 
burners  may  be  used  per  mill.  Large  burners  do  not  effectively 
distribute  coal  throughout  the  furnace.  As  a  result  of  this  uneven 
distribution  the  combustion  efficiency  is  impaired. 
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TREND  OF  DEVELOPMENT  OF  DIRECT  METHOD 

The  efforts  of  engineers  who  are  working  on  the  improvement 
of  the  direct-firing  method  are  being  directed  to  improve  feeding, 
pulverising  and  control. 

Feeding 

Horizontal  star  feeders,  table  feeders  and  drag  feeders  are  being 
used  for  feeding  raw  coal  to  pulverisers.  These  feeders  need  improve- 
ment to  make  their  capacity  less  sensitive  to  variations  of  coal  sizes 
and  moisture  content.  Table  feeders  are  especially  sensitive  to  the 
moisture  in  the  coal.  Coal  will  flood  through  them  if  too  dry  and  fine 
and  will  stick  if  too  wet. 

Pulverising 

Pulverisers  used  with  the  direct  system  are  the  same  as  those  used 
with  the  storage  system.  High-speed  impact  mills  and  horizontal 
ball  or  tube  mills  have  been  used  for  the  direct  method  more  than 
for  the  storage  method.  The  high-speed  impact  miU  is  the  most 
widely  used  because  of  its  smaU  size,  low  cost  and  greater  flexibility. 
Ball  or  tube  mills  are  used  to  a  small  extent  because  they  grind  fine. 
Some  engineers  consider  them  undesirable  because  they  are  large  for 
a  given  capacity,  expensive,  noisy,  and  can  grind  only  dry  coal 
efficiently.  Mills  of  this  t^^pe  are  also  less  flexible  and  harder  to 
regulate  than  some  of  the  others.  The  vertical  ball  miU  has  been 
recently  adapted  to  direct  firmg  apparently  with  success. 

When  so  used,  it  is  arranged  so  that  its  speed  may  be  varied.  This 
mill  has  advantages  in  that  it  may  be  built  for  large  capacities  and 
may  be  designed  to  deliver  coal  of  fairly  uniform  fineness  with 
varying  capacities.  Its  noisiness  is  a  disadvantage.  RoUer  mills  of 
the  pendulum  type  which  have  the  same  advantages  and  are  more 
quiet,  are  being  adapted  to  direct-firing  also. 

Control 

In  order  to  make  the  direct  system  more  flexible,  efforts  are  being 
made  to  provide  controls  for  the  pulverisers  that  will  effect  the 
required  variations  in  capacity  without  excessive  variations  in 
fineness.  Controls  for  the  primary  air  that  wiU  permit  approaches 
to  the  most  desirable  ratio  of  all  ratings,  are  also  being  provided. 
To  this  end  pulverisers  are  being  provided  with  multiple  variable 
speed  feeders.  The  pulverisers  themselves,  as  well  as  the  pulveriser 
fans,  are  being  driven  at  variable  speed.  Efforts  are  being  made  to 
concentrate  aU  the  pulverised  coal  into  whatever  quantity  is  required 
by  the  furnace  as  primary  air  and  to  recirculate  the  rest  of  the  air. 
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The  aim  is  to  maJce  possible  variations  in  the  amount  of  primary  air 
used  with  the  coal  without  affecting  the  amoimt  of  air  used  by  the 
pulveriser.  These  efforts  so  far  have  met  with  only  partial  success. 

COST  OF  STEAM  PLANTS 

No  doubt  many  will  be  surprised  by  the  conclusion  that  powdered 
coal  plants  cost  no  more  to  build  than  stoker  plants.  Fig.  19, 
prepared  from  authentic  statements  of  the  cost  of  building  the  best 
known  power  plants  in  the  United  States,  shows  this  in  a  con- 
vincing manner.  The  chart  is  based  on  detailed  cost  analyses  of 
eleven  stoker  plants,  one  oil-fired  plant,  and  six  pulverised  coal 
plants.  Contrary  to  general  impressions  on  the  subject,  complete 
steam  generating  equipment  for  powdered  coal  plants  costs  no  more 
than  for  stoker  plants. 

Cost  of  Operating  Plants 

The  same  chart  shows  detailed  analyses  of  the  cost  of  making  power 
in  the  stations  considered.  Power  is  being  made  cheaper  in  the 
powdered  coal  plants,  especially  if  the  comparison  is  based  on 
stations  similar  in  general  design,  except  as  to  firing  method  and  all 
fuel  prices  reduced  to  a  common  bcisis. 

Table  E  is  an  analysis  of  the  cost  of  producing  1,000  lb.  of  steam  in 
a  typical  American  industrial  plant.  Table  F  is  a  summary  of  the 
cost  of  preparing  coal  in  ten  plants. 

TABLE  E 

TYPICAL  ANALYSIS  OF  COST  OF  GENERATING  1,000  lb.  STEAM 
IN  LARGE  INDUSTRIAL  POWDERED  COAL  PLANT 

lb. 
Steam  generated  during  month  ...       629,267,627 

Costs  in  cents  per  1,000  lb. 

cents 

Fuel  at  $5  044  ton           29-90 

Water         -63 

Salaries      ...          ...          ...          ...          ...          ...  -91 

Insurance  and  Taxes       ...          ...          ...          ...  1-17 

Repairs  to  equipment,  labour  and  material  ...  3-25 

Depreciation — Building ...          ...          ...          ...  1-14 

Equipment  and  miscellaneous  2-26 

General  power  expense  ...          ...          ...          ...  5-93 

Miscellaneous        ...          ...          ...          ...          ...  -09 


45-28 
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Fig.  19.  Analysis  of  installation  and  operating  costs  of  eighteen  representative 
American  power  stations.  Six  fired  with  underfeed  stokers,  five  with  chain 
grate  stokers,  one  with  oil  and  six  with  pulverised  coal  are  represented. 

502 


H 
O 
P   w 


H 


<    ^ 
O   en 


> 
o 

I— I 

w 

t/)  S 

O  ça 


'go 
^  o  -t 


en 

in  C 
O 
S 


(d 


ÏJ^       i-        — 


to 


.5  c 

tn   O 


Oh 

< 


s  m  -p  t^  o     - 

I— I  G  —  ~ 


>> 

o 

+-> 

Tdçj 

o 

ni 

o 

X 

tn 

^H 

m 

O 

O 

(U 

C/J 

w 

X) 

'S 

C 
03 

o 
U 

>-< 
o 

OJ 

-ji 

n 

:s 

bf) 

U 

^■^ 

o.ti  '^ 


—  oj  ."S  ;;  00       CM       to 
Tf  ^p5  yoo-*inoot~ 


6-3 

Colorad 

Lignite 

1  00  m  o  ro 

m  o  —  o 

, 

6 

X) 

2     ^ 

'^  2 

J 

O 

o 

CO 

<^  .5  -c    CÖ 

CM  t~-  o  to 

Penn; 
van 

(D 
+-' 
t;! 

CM 

°°  P  c  h 

ti  S  tti^ 
+^      e 

(T)  ^  to  CO 
CM                 CM 

' 

1                 ,ry       O 

6 

in 

1                 t/î       ^ 

CJ 

rt 

t— 

■^  1  ^ 

'S  h 

to 

lO  'o   3   3 

—  in  <»  (»  to 

00 

O 

oo" 

t-  c -S  o 

»  CM  (»  ^  l> 

CM 

'r^      Q^ 

■S 

o*^ 

ro 

i  s  ffi  ■^• 

00  CO  o  cö  'Jf 

CM 

HH  (3 

^ 

CL| 

^     g 

CM 

X 

C   Ö 
înCJ 

r~ 

fus 

>< 

^ 

m  _ 

3   3   d 
Kû  J3    o 

,       1       ,    to  CO 
■^00 

1 

^^ 

t-' 

tn  •--   C 

1 

o 

o 

O 

en 

—  _ 

qIj 

&H 

■3  g 

C 

o 

-:  to 

0;  o 
c  en 

-M     5     ° 

—    tn  'c  .S 

t~  00  CO  •^  CT) 

|3    en 
<D  'S 

c 

^  CM 

r-   0/  .1:;   r- 
to  >■    u    3 

C75  o  <3-.  r-  in 

t^  t^  Ô  CM  CO 

CO 
CM 

Q  W 

H 

>g 

CM 

'S  .y 

-M 

Cd 

.    U 

O  o 

CM 

tn 

CO  o  00  o  CO 

■^ 

"5  h 

C 

^^ 

00 

!o  tn  ■;=  .5 

to  in  —  CO  m 

»— ' 

'ûj    o 

1 

CM    0^  ,n    c 

CO  o  to  oc  to 

^- 

>    (U 

02 

in 

CM 

o  in  CO  C5  -* 
C-.  ^  (5  CM  in 

CM 

^ 

kJ 

>s 

CM 

C 

■    ■    ■    ■  C 

o 

îol 

\ 

tn 

;g°-i 

-(-< 

O 

^    tn-42  V 

1 

1- 

^^ïi- 

tn 

-(-> 

>> 

c 

Ci 

C 
cd 

o     . 

Ä      ; 

:ö   1    1  .2 

cd   ;:;   «u 
u  •-    O  -M 

tn 

O 
O 

c 

e 

o 

S 

en 

C 
O 

S 

3  0-2  ;3 

O 

o 

+-> 

^^ 

•  ^    td  ~    " 

cd 

U  ■ — ' 

•    cd    C    <U    <t> 

u 

e 

Cl  cd 

ii    C    C)    o 

cd 

^  O 
8    O 

y 

tmg 

ting 

enan 

enan 

P. 

Ci 

bc  td   cd  -1-  -M 

, 

^_ 

tn  "C        Z, 

•-    I-    -    C    C 

cd 

n3 
O 

O 

ce        to 
C  ■-        O 

o   <i>   «^  ■-:  ■:: 

C  a  a  td  cd 

O 

H^      O 

wooss 

H 

503 


PULVERISED  FUEL 
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There  are  too  many  available  articles  on  "Pulverised  Coal"  to  list  with  a 
paper  of  this  kind.  Those  who  are  interested  in  lists  of  published  articles  are 
referred  to  bibliographies  included  in  "Pulverised  Coal:  Serial  Report  of  the 
Prime  Movers'  Committee,  National  Electric  Light  Association." 

ZUSAMMENFASSUNG 

Kohlenstaubfeuerungen  für  Kessel  sind  seit  etwa  8  Jahre  in  Gebrauch.     In 

den  ersten  zwei  Jahren  war  der  Fortschritt  sehr  langsam.   Die  Konstrukteure 

hatten    nicht  genügend  Zutrauen  zu  dieser  Art  von   Feuerung  und  waren 

entmutigt  durch  übertriebene  Furcht  vor  Explosionen  und  Feuer. 

Erst  nachdem  einige  Anlagen  mit  Erfolg  liefen,  stieg  die  Zahl  der  Neuan- 
lagen dann  sehr  schnell.  Sogar  einige  alte  Rostfeuerungen  wurden  auf  Kohlen- 
staubfeuerung umgebaut. 

Industrielle  Anlagen  und  Kraftwerke  gebrauchten  Kohlenstaub.  Zur  Zeit 
wird  kein  Kraftwerk,  sei  es  klein  oder  gross,  entworfen,  ohne  dass  nicht 
Kohlenstaub  als  Feuerungsart  in  Erwägung  gezogen  wird  und  in  der  Mehrzahl 
der  Fälle  auch  als  die  beste  Feuerung  gewählt  wird. 

Die  erzielten  Wirkungsgrade  können  kaum  überschritten  werden.  Höhere 
Heizflächenbelastung,  Vereinfachung  des  Entwurfs  und  Verbesserung  der 
Konstruktion  sind  gegenwärtig  das  Ziel  der  Entwicklung.  Die  Aufbereitungs- 
anlage wurde  bei  einigen  der  grossen  Kraftwerke  in  einem  besonderen 
Gebäude  untergebracht.  Gegenwärtig  entscheidet  man  sich  eher,  die  Auf- 
bereitungsanlage direkt  neben  oder  in  das  Kesselhaus  zu  verlegen,  um  den 
Transport  zu  sparen.  Besondere  Kohlentrockner  werden  durch  Kohlentrock- 
nung in  der  Mühle  selbst  ersetzt. 

Die  direkte  Kohlenstaubfeuerung  ohne  Lagerung  der  Kohle  wurde  aus  dem 
Streben  nach  Vereinfachung  entwickelt.  Einige  Kraftwerke  benutzen  jetzt 
beide  Systeme,  auch  zusammen  mit  Rostfeuerungen.  Einige  industrielle 
Anlagen  benutzen  ausschliesslich  die  direkte  Kohlenstaubfeuerung  ohne 
irgend  eine  andere  Feuerungsart  als  Reserve. 

Einige  der  grössten  z.Zt.  im  Bau  oder  Entwurf  befindlichen  Kraftwerke 
benutzen  ausschliesslich  die  direkte  Kohlenstaubfeuerung.  Die  nächsten 
zwei  oder  drei  Jahre  werden  entscheiden,  welches  System  das  günstigere  ist. 

Die  Mehrzahl  der  Kraftwerke  benutzt  die  Vertikal feuerung,  bei  der  die 
Brenner  auf  der  Feuerungsdecke  angeordnet  sind.  Einige  dieser  Anlagen 
halten  noch  immer  den  Rekord  für  höchsten  jährlichen  Betriebswirkungsgrad. 

Horizontalfeuerung  ist  einfacher  und  etwas  billiger  als  Vertikalfeuerung, 
weil  die  Feuerungsdecke  fortfällt;  sie  gewinnt  daher  an  Beliebtheit.  Die 
Brenner  sind  bei  dieser  Feuerung  in  der  Vorderwand  angeordnet.  Sekundär- 
und  Primärluft  werden  durch  die  Brenner  eingeführt.  Horizontalfeuerung 
erlaubt  den  Gebrauch  grösserer  Brenner,  was  besonders  vorteilhaft  ist  für 
das  direkte  Kohlenstaubfeuerungssystem.  In  manchen  Anlagen  benutzt 
man  einen  Brenner  per  Mühle  mit  gutem  Erfolg. 

In  den  letzten  zwei  Jahren  sind  einige  Anlagen  entstanden  mit  "Ecken - 
feuerung"  oder  tangentialer  Feuerungsmethode,  um  eine  intensive  Mischung 
zu  erzielen.  Die  Eckenfeuerung  erlaubt  höhere  Feuerungsbelastungen  als 
irgend  eine  andere  Feuerung. 
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Die  Feuerungsbelastungen  waren  begrenzt  bei  den  ersten  Anlagen  durch  bie 
Haltbarkeit  der  gemauerten  Feuerungswände.  Die  Entwicklung  des  Wasser- 
rostes über  dem  Aschentrichter  und  später  die  der  wasser-  oder  dampfgekühl- 
ten Feuerungswände  erlaubten  höhere  Feuerungsbelastungen  und  Wirbelung 
der  Flamme.  Die  Feuerungsbelastung  ist  abhängig  von  der  Art  der  Feuerungs- 
wände. Mit  voll  gemauerten  Wänden  betragen  die  Belastungen  etwa  90  000- 
130  000  Cal/m^h,  mit  gemauerten  Hohlwänden  etwa  110  000-160  000 
Cal/m^h.  Mit  wassergekühlten  Wänden  und  Aschentrichter  sind  Belastungen 
von  310  000  Cal/m%  erzielt  worden,  besonders  wenn  die  "Eckenfeuerung" 
benutzt  wurde. 

Bei  höheren  Belastungen  als  310  000  Cai/m^h  bereitet  das  Verschlacken  der 
Kesselrohre  und  der  Feuerzüge  Schwierigkeiten.  Mit  Öl  oder  Gas  könnte  man 
noch  höher  gehen,  weil  diese  Brennstoffe  keine  Asche  haben. 

Die  Asche,  die  sich  auf  dem  Boden  der  Feuerung  ansammelt,  wird  bei  der 
Mehrzahl  der  Kohlenstaubanlagen  in  fester  Form  entfernt.  Die  Bedienung  ist 
einfach,  solange  man  verhindert,  dciss  die  Asche  schmilzt.  Für  die  Aschen- 
förderung können  normale  Konstruktionen  benutzt  werden.  In  diesen  Feuerun- 
gen werden  entweder  ein  Wasserrost  über  dem  Aschentrichter  oder  wasser- 
gekühlte Feuerungswände  verwendet. 

In  der  letzten  Zeit  sind  einige  Feuerungen  gebaut  worden,  bei  denen  die 
Asche  in  flüssiger  Form  entfernt  wird.  Die  geschmolzene  Asche  wird  in 
Zwischenräumen  abgezogen  und  durch  Wasserstrahl  schnell  abgekühlt.  Die 
Asche  zerspringt  in  kleine  Stücke  und  wird  dann  nach  einem  Absitzbecken 
gespült.  In  diesen  Feuerungen  erstrebt  man  höchste  Temperaturen  in  der 
Nähe  des  Feuerungsbodens,  um  die  Asche  so  flüssig  wie  möglich  zu  machen. 
Die  Böden  sind  aus  Schamotteziegeln  gebaut  mit  einer  schützenden  Decke 
von  Dolomitsand. 

Es  sind  verschiedene  Methoden  vorgeschlagen  und  auch  ausprobiert  worden, 
um  die  Flugasche  aus  den  Rauchgasen  zu  entfernen.  Das  auf  dem  elektro- 
statischen Prinzip  beruhende  System  hat  sich  in  zwei  Grosskraftwerken  recht 
gut  bewährt. 


505 


PULVERISED    FUEL    IN     MARINE    WORK 

AMERICAN    INSTITUTE    OF    MINING    AND   METALLURGICAL    ENGINEERS 
LT.-COMMANDER   H.    W.    BROOKS,   U.S.N.R. 

Paper  No.  M\0 

CONTENTS 

HISTORICAL TESTS     AT     PHILADELPHIA     NAVY     YARD 240-HOUR 

SERVICE     TEST RESULTS BAYONNE     TESTS SEA-GOING      TESTS 

VOYAGE     OF     THE      "MERCER'' — BIBLIOGRAPHY — ZUSAMMENFASSUNG 

Advantages  Sought  in  Marine  Application 

Although  dealt  with  among  the  earliest  of  pulverised  fuel  re- 
searches in  America,  it  has  been  only  within  the  past  year  that 
powdered  coal  firing  in  marine  service  has  proved  itself  a  com- 
mercial success.  Marine  designers  and  engineers  for  more  than 
seventy  years  in  America  have  recognised  that  a  commercially 
feasible  solution  of  this  unusually  difficult  problem  can  carry 
with  it  the  following  rather  marked  advantages  over  the  earlier 
marine  practice  : — 

1.  Reduced  fuel  consumption  over  hand-firing. 

2.  Great  reduction  in  operating  cost  over  oil-firing. 

3.  Increased  steaming  radius  of  ships  over  hand-firing. 

4.  Stoke-hold    conditions    as    for    oil-firing,    making    possible 

continuous  employment  of  high-class  labour. 

5.  Personnel  reduced  over  hand-firing. 

6.  Less  smoke  than  with  oil. 

7.  Direct  pulverisation  aboard  ship. 

8.  Full  steam  raised  at  moment's  notice. 

9.  No  banking  losses  on  short  calls. 

The  problem,  however,  presented  phases  entirely  different  from 
anything  that  had  been  encountered  in  shore  practice.  Though 
there  have  been  many  stationary  plants  designed  on  the  basis  of 
heat  releases  of  the  average  order  of  20,000  B.Th.U.  per  cu.  ft. 
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per  hour,  at  the  time  the  series  of  tests  at  the  Philadelphia  Navy 
Yard,  which  made  marine-powdered  coal  practically  possible, 
started,  there  was  not  a  stationary  plant  in  the  United  States 
actually  operating  at  loads  which  required  heat  releases  exceeding 
15,000  B.Th.U.  per  cu.  ft.  Marine  practice,  on  the  contrary, 
demanded  a  minimum  of  at  least  four  times  this  figure,  or  60,000 
B.Th.U.,  while  80,000  was  almost  essential  for  the  more  severe 
conditions  of  tubular  marine  boiler  service.  The  difficulties,  there- 
fore, which  delayed  the  final  successful  solution  of  the  problem 
for  more  than  seven  decades  following  its  initial  research  efifort, 
become  more  immediately  apparent. 

History  of  Powdered  Coal  in  Marine  Practice 

A  brief  résumé  of  the  past  history  of  efforts  leading  to  the 
present  state  of  the  art  may  prove  interesting.  Although  not 
generally  appreciated,  the  first  recorded  efforts  of  man  to  burn 
coal  automatically  or  mechanically  contemplated  its  use  in  pow- 
dered form.  Far  from  being  a  new  and  relatively  untried 
experiment,  as  some  even  yet  are  inclined  to  believe,  engineering 
history  reveals  a  continuous  chain  of  both  laboratory  and  com- 
mercial scale  researches  and  patent  record  since  the  earliest  years 
of  the  nineteenth  century.  Over  ten  years  before  the  first 
mechanical  stoker  credited  to  the  Enghshman^  William  Brunton, 
in  1819,  and  only  forty  years  after  Watts'  first  engine  patent 
(1769),  is  recorded  the  work  of  Niepce  on  pulverised  fuel.  The 
early  efforts,  however,  were  almost  entirely  along  the  lines  of 
metallurgical  firing. 

The  first  attempts,  of  which  the  writer  has  been  able  to  secure 
record,  to  fire  boilers  with  pulverised  coal^  took  place  in  England 
and  America  shortly  following  the  Civil  War.  In  1866,  Whelpley 
and  Storer  took  out  an  American  patent  for  firing  powdered  or 
granulated  coal  as  an  auxiliary  fuel,  over  a  grate-fired  boiler 
furnace.  It  was  ignited  by  the  fire  on  the  grate  and  burned  in  the 
air  coming  up  through  the  burning,  solid  fuel  bed.  It  is  of 
incidental  interest  to  note  that  this  practice  is  even  to-day  being 
followed  in  several  quite  successful  installations  in  Holland  and 
Germany  on  chain-grate  stokers  for  peak  load  service.  Within 
the  past  few  months  it  has  been  re-proposed  by  one  American 
stoker  manufacturer  over  both  chain-grate  and  underfeed  stokers; 
not  only  for  peak  load  auxiliary  service,  but  for  better  mixing  of 
distilling  volatiles  over  the  stoker-fired  fuel  bed  as  well. 
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In  1867,  Chief  Engineer  (Admiral)  B.  F.  Isherwood,  u.s.n., 
carried  out  evaporative  tests  at  the  Boston  Navy  Yard  on  behalf 
of  the  United  States  Navy,  using  the  Whelpley  and  Storer 
auxiliary  firing  patents.  Both  anthracite  and  semi-bituminous 
coal  were  tried — results  indicating  that  owing  to  the  then  high  cost 
of  pulverisation,  more  economical  results  were  obtained  with 
hand-fired  grates. 

Following  these  experiments,  the  research  field  apparently  lay 
sterile  for  more  than  sixty  years. 

In  1918,  the  United  States  Shipping  Board,  inspired  by  the 
budding  successes  in  stationary  practice,  again  tried  tests  very 
similar   to    those    of    Admiral    Isherwood,     Coal    was    coarsely 


Fig.  1. 

U.S.S.    Gem,    Scout    Patrol    No.   41,      First   ocean-going   steamship   with 

boilers  fired  with  pulverised  coal. 

pulverised,  varying  from  dust  to  ^-in.  pieces,  the  product  bemg 
blown  into  the  boiler  over  the  grate.  The  fine  coal  burned  in 
suspension,  the  larger  pieces  settled  out  upon  the  fire-bed,  coked 
with  the  hand-fired  fuel  bed,  and  were  burned.  A  free  and 
easily-trimmed  fire  resulted,  and  the  combination  possessed  to 
some  extent  the  flexibility  of  powdered  coal  firing. 

During  this  same  year,  the  United  States  Navy,  as  a  war-time 
experiment,  equipped  the  U.S.S.  Gem,  a  scout  patrol,  with  two 
1,100-horse-power  Normand  boilers  for  burning  powdered  coal. 
The  coal  was  pulverised  on  shore  and  shipped  in  bags.  A  sus- 
tained speed  of  17 i  knots  was  developed  without  smoke — better 
than  the  work  of  the  same  boilers  on  oil, 

A  similar  experiment  was  made  by  the  British  Government  on 
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H.M.S.  Skylark,  run  on  powdered  coal,  shipped  from  shore  during 
the  whole  period  of  the  War.  Later  on,  as  a  means  of  combating  the 
now  well-known  menace  of  oil  shortage  caused  by  submarine 
warfare,  experiments  were  conducted  in  America  by  both  navies 
— again  on  the  U.S.S.  Gem,  using  so-called  "Colloidal"  fuel,  con- 
sisting of  about  30  per  cent,  very  finely  pulverised  coal,  70  per 
cent,  of  Texas  Navy  Oil,  and  small  amounts  of  lime,  resins  or 
tars.  Emulsions  of  this  kind  were  produced  to  remain  stable  over 
considerable  periods,  and  results  with  their  use  enabled  the  G ^m  to 
use  such  fuel  exclusively  from  April  to  July,  1918.  Semi-experi- 
mental operations  of  this  kind,  however^  possible  during  war 
time,  became  prohibitively  expensive  thereafter,  so  that  both 
these  vessels  were  eventually  reconverted  to  oil. 

Shortly  after  (1919-1920),  co-operative  tests  were  conducted  by 
the  United  States  Shipping  Board  and  Bureau  of  Mines  at  Erie 
and  Chester,  Pa.,  on  Scotch  marine  boilers  set  up  ashore,  and  thus 
providing  a  more  convenient  testing  arrangement  than  was  possible 
with  the  space  and  other  restrictions  aboard  ship.  Straight-shot 
stream-flow  firing  was  resorted  to,  as  with  stationary  settings. 

The  results,  however,  proved  most  discouraging,  as  the  maxi- 
mum rate  of  combustion  that  could  be  maintained  was  two-and- 
one-half  pounds  of  coal  per  cu.  ft.  of  furnace  volume,  or  a 
maximum  heat  release  of  32,000  B.Th.U.  per  hr.  per  cu.  ft.  of 
furnace  volume.  Boiler  efficiencies  were  far  from  satisfactory, 
the  combined  air-heater,  superheater,  and  boiler  efficiency  proving 
only  54  per  cent.  Thus,  the  very  limited  combustion  volume  and 
flame  travel,  the  relative  lack  of  knowledge  of  the  necessity  of 
fine  grinding  and  turbulent  combustion,  and  the  cold  furnace  of 
the  Scotch  marine  boiler  again  proved  insurmountable  obstacles. 
After  relatively  short  runs,  the  furnaces  and  flues  became  plugged 
with  ash  and  partially  burned  coal,  and  continuous  operation 
proved  impossible. 

For  five  years  the  subject  lay  dormant.  During  this  period  the 
writer  and  others  became  interested  in  extreme  turbulence  in 
combustion  as  a  means  toward  reducing  the  excessive  size  and 
cost  of  stationary  powdered  coal-fired  boiler  settings.  This  work 
eventually  culminated  in  what  is  now  commonly  called  the  "Well 
Furnace."  Similar  principles  variously  applied  have  also  been 
adapted  in  the  so-called  "Steam  Generator"  and  "Vortex  Furnace." 
In  the  "Well  Furnace,"  four  impinging  high-speed  jets  of  coal 
and  air  intercept  one  another  at  right  angles  to  form  a  rapidly 
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rotating  circle  or  spiral  of  flame  within  the  furnace.  Perhaps  the 
outstanding  experimental  installations  were,  first,  the  test  plants 
at  Fullerton,  Pa.,  later  the  competitive  test  plant  at  the  Sherman 
Creek  Station  in  New  York,  where  twelve  competing  systems, 
including  the  "Well  Furnace,"  were  tested,  and  finally  the  eight 
1,200-horse-power  boilers  of  the  Buffalo  General  Electric  Co. 
In  England,  Wood  and  others  conducted  exhaustive  tests  on  his 
"Steam  Generator/'  in  which  the  flame  spirals  extended  down- 


Fig.   2.     Original   well    furnace   installation   on   test   boiler  at   Philadelphia 

Navy  Yard. 

wards  instead  of  upwards  or  horizontally,  as  in  the  Americin 
experiments. 

In  1925,  Captains  C.  A.  McAllister  and  R.  D.  Gatewood  and 
Mr.  C.  J.  Jefferson,  of  the  United  States  Shipping  Board,  were 
invited  to  witness  preliminary  tests  on  the  "Well  Furnace"  at 
Fullerton,  Pa.,  using  a  water-cooled  furnace  of  the  same  dimen- 
sions as  those  of  a  single  furnace  of  a  Scotch  boiler. 

The  experimental  furnace  was  open  to  the  atmosphere  at  the 
discharge  end,  so  that  the  flame  conditions  resulting  from  the 
high  turbulence  could  be  readily  observed.    The  flame  completely 
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filled  the  furnace,  yet  flame  propagation  was  apparently  com- 
pleted within  the  first  six  feet  of  the  length  of  the  furnace.  The 
results  appeared  so  promising  that  it  was  considered  advisable 
to  continue  the  tests  in  an  actual  Scotch  marine  boiler. 

Tests  at  Philadelphia  Navy  Yard 

It  was  appreciated  by  the  Fuel  Conservation  Committee  of  the 
United  States  Shipping  Board  that  these  tests  would  probably 
involve  an  enormous  amount  of  development  work,  and  further, 
that  it  would  be  necessary  to  have  them  conducted  by  an  un- 
prejudiced, competent,  and  resourceful  group  of  engineers.  To 
this  end,  they  sought  and  secured  the  co-operation  of  the  Bureau 
of  Engineering  of  the  United  States  Navy.  The  test  work  from 
this  point  on  has  been  carried  on  jointly  by  the  United  States 
Navy  and  the  United  States  Shipping  Board.  The  trial  tests 
were  made  at  the  Philadelphia  Navy  Yard  and  the  service  tests 
on  board  the  United  States  Shipping  Board  vessel  s.s.  Mercer. 

The  installation  of  the  "Well  Furnaces"  on  the  three  furnaces  of 
the  Scotch  boiler  at  the  Philadelphia  Navy  Yard  (see  Fig.  2) 
re-introduced  one  of  the  three  major  problems  of  pulverised  fuel 
on  shipboard,  namely,  distribution.  The  earlier  tests  at  Erie  and 
Chester,  Pa.,  had  shown  the  importance  of  this  problem,  but  when 
the  three  "Well  Furnaces"  with  four  burners  per  furnace  were 
put  into  commission,  then  it  became  paramount. 

Consideration  of  Fig.  2  readily  indicates  that  the  installation  was 
never  intended,  even  originally,  as  a  sea-going  proposition,  but  it 
did  offer  a  means  of  testing  whether  extreme  turbulence  within 
the  furnace  might  conceivably  make  possible  the  enormous  heat 
release,  without  which  powdered  coal  could  not  succeed  at  sea. 
Although  the  problem  of  dividing  a  single  coal-and-air  stream 
into  twelve  reasonably  equal  parts,  especially  with  primary  or 
carrier  air  representing  100  per  cent,  of  the  combustion  air,  proved 
impractical  as  a  commercial  expedient,  the  results  of  the  first 
year's  tests  with  this  system  proved  unmistakably  that  pulverised 
fuel  could  be  successfully,  economically  and  continuously  burned 
in  the  furnace  of  a  Scotch  marine  boiler. 

A  combustion  rate  as  high  as  6.19  lb.  per  cu.  ft.  of  furnace 
volume  was  maintained  for  limited  periods  of  from  two  to  six 
hours  with  a  heat  release  as  high  as  88,300  B.Th.U.  and  a  boiler 
efficiency   of   68.7  per  cent,   was   obtained    for   eight-hour   test 
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Figs.  3  and  4.     Peabody  powdered  coal  burner. 
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periods.  It  is  to  be  noted  that  this  boiler  was  not  equipped  with 
either  air-heater  or  superheaters. 

FeeUng  that  the  solution  of  the  distribution  problem  might 
better  be  effected  with  the  rather  more  ample  facilities  of  a 
manufacturing  plant  at  hand,  this  equipment  was  transferred 
from  the  Philadelphia  Navy  Yard  to  the  Bayonne  Works  of  the 
Babcock  &  Wilcox  Co.,  finally  resulting  in  the  development  of  an 
entirely  new  type  of  burner  and  the  demonstration  of  perhaps 
the  most  astonishing  results  yet  achieved  in  this  field  and  de- 
scribed later  in  this  paper. 

In  the  meantime,  at  one  of  the  stationary  plants  in  New  York 
City,  another  turbulent  burner  was  being  demonstrated — a  burner 
which  produced  a  cyclonic  turbulence  in  the  "Well  Furnace" — not 
by  a  definite  set  of  nozzles  but  rather  by  an  indefinite  number  of 
nozzles  irregularly  disposed,  the  coal  streams  of  which  not  onl} 
cut  across  each  other  but  which  were  also  cut  across  by  a  rotating 
stream  of  secondary  air.  This  burner  also  had  the  added  advan- 
tage of  having  the  compactness  characteristic  of  sea-going  equip- 
ment.  Figs.  3  and  4  show  this  burner. 

It  will  be  noted  that  this  burner  consists  of  an  involute  casting, 
on  the  inner  circumference  of  which  is  an  annular  slot.  The  coal 
enters  the  involute  casting  and  is  whirled  out  through  the  annular 
slot  in  an  indefinite  number  of  streams  which  form  a  quickly 
rotating  coal  curtain  ;  which  in  turn  is  cut  by  rotating  streams  of 
combustion  air  in  a  counter-direction. 

The  mill  used  on  the  second  series  of  tests  was  of  the  high-speed 
impact  or  paddle  type.  On  this  series,  with  comparatively  low- 
volatile  coal  and  at  moderate  combustion  rates,  fairly  satisfactory 
performances  were  obtained. 

The  tests  covered  a  range  from  35,500  B.Th.U.  per  cu.  ft.  ot 
furnace  volume  up  to  52,000  B.Th.U.  per  cu.  ft.  of  furnace 
volume.  The  boiler  efficiencies  obtained  on  two-  to  four-hour 
periods  were  approximately  from  71  to  78  per  cent. 

It  was  found  in  this  series,  however,  that  with  the  particular 
high-speed  pulveriser  installed,  with  a  change  in  the  quality  of 
coal  or  in  the  capacity  demand  rate,  or  with  the  erosion  of  the 
wearing  parts,  there  was  considerable  variation  in  the  fineness  of 
grinding  obtained.  Finally,  the  manufacturers  decided  to  with- 
draw this  mill  from  the  test  until  they  had  completed  further 
development  work  on  it  at  their  own  plant. 

Increasingly  during  this  series  of  tests,  it  became  evident  that 
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fineness  of  grinding  and  a  high  percentage  of  superfines  or  im- 
palpables was  essential  to  the  success  of  the  operation.  As  the 
possibilities  of  this  had  been  demonstrated  on  the  first  series  of 
tests  with  the  Bonnot  low-speed  air-swept  ball  mill,  then  trans- 
ferred to  the  Bayonne  tests,  it  was  decided  to  replace  for  the 
third  series  the  high-speed  machine  with  another  low-speed  ball 
mill  manufactured  by  the  Kennedy-Van  Saun  Engineering  and 
Manufacturing  Corporation.  This  mill,  together  with  the  Peabody 
burner,  was  used  for  the  balance  of  the  tests  made,  up  to  and 
including  the  240-hour  continuous  service-test  run  at  the  Phila- 
delphia Navy  Yard  as  well  as  the  five  round  trip  voyages  across 
the  Atlantic  made  to  date  by  the  Shipping  Board's  floating  labora- 
tory, the  s.S.  Mercer. 

The  next  series  of  tests  consisted  of  a  number  of  short  runs 
over  a  period  of  about  six  weeks,  during  which  various  operating 
features  were  worked  out,  such  as  correct  fan  and  distributor 
speeds,  ball  charge  for  mill,  etc.  During  this  period,  the  operat- 
ing technique  of  the  personnel  was  also  developed  until  such  time 
as  it  was  felt  that  the  moment  was  expedient  to  proceed  with  a 
continuous  service  test  which  would  demonstrate  what  could  be 
expected  under  conditions  of  continuous  operation. 

The  240-Hour  Service  Test 

This  test  started  on  July  27,  1927,  and  terminated  August  6, 
1927,  during  which  period  tests  for  48-hour  periods  followed 
each  other  without  interruption.  Combustion  rates  of  1,200,  1,400, 
1,600,  1,800^  and  2,000  lb.  per  hour  were  maintained. 

Boiler. — The  boiler  used  in  this  run,  as  in  the  preceding  pre- 
liminary runs,  was  a  single-ended  Scotch  marine  boiler  having 
three  furnaces  with  separate  combustion  chambers.  It  had  pre- 
viously been  in  service  on  the  s.s.  West  Eagle,  but  was  installed 
at  the  Philadelphia  Navy  Yard  in  1923  for  use  in  connection  with 
other  tests  of  the  U.S.  Shipping  Board.  The  characteristics  of 
this  boiler  are  as  given  in  Table  I. 

TABLE  I 

SCOTCH  MARINE  BOILER,  AT  THE  FUEL  OIL  TEST   PLANT, 

LOCATED    IN    PHILADELPHIA   NAVY   YARD 
Type  of  Boiler — 

Three-furnace,  separate  combustion  chambers,  Scotch  marine  boiler. 
Type  of  Pulveriser — 

4  ft.  X5  ft.  air-swept  Kennedy  tube  mill  using  5,190-lb.  ball  charge. 
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Type  of  Burner — 

Peabody  Engineering,  turbulent  combined  coal  and  oil  burner. 

Heating  Surface  of  Boiler — 

Square   feet   heating   surface,    tubes      ...  ...  ...  2,015 

Square  feet  heating  surface,  combustion  chambers         ...  270 

Square   feet  heating   surface,    furnaces  ...  ...  270 


Air  Heater — 

Type — waste  heat  tubular 

Square  feet  heating  surface     ... 
Combustion  Space — 

Cubic  feet,  furnaces     ... 

Cubic  feet,  combustion  chambers 


2,555 


638 

199.18 
270.79 


Cubic  feet,  total  ..  ...  ...  ...  ...  469.97 

Note— 

The  total  volume  of  combustion  space  of  bare  boiler  is  482.89  ;  of 

this,  however,  12.92  cu.  ft.  was  taken  up  by  refractory  ring  at  mouth 

of  each  furnace. 
Retarders — 

Twisted  ribbon  type  4  ft.  6  in.  long — 2i  turns  in  total  length.     All 

tubes    retarded. 
Coal — 

Bituminous,   run  of  mine,  Cambria  County,   Pa. 


Fig.  5.     General  dimensions  of   Philadelphia  Navy  Yard  Boiler. 
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Fig.  5  shows  the  general  dimensions  of  the  smoke  boxes,  up-take 
air  heater,  and  stack.  The  air  heater  was  not  part  of  the  original 
boiler,  but  was  built  and  installed  by  the  Philadelphia  Navy  Yard 
immediately  prior  to  the  test  of  the  Peabody  burners  and  the 
first  mill  used  in  conjunction  with  them. 

A  double  front  was  also  constructed  on  the  boiler  front  for 
supplying  pre-heated  air  to  the  burner  air  registers,  as  shown  in 
the  figure.  The  latter  were  integral  with  the  burner  front  plates, 
which  were  hinged  to  the  exterior  of  the  double  front;  the  air 
registers  could  thus  be  swung  outward  toward  the  fireroom  when 
the  burners  were  not  in  use^  to  provide  access  to  the  furnace. 
The  furnaces  were  modified  by  the  installation  of  a  ring  of 
refractory   18  in.  long,  as  shown  in  Fig.  3. 

Burner. — As  previously  described  and  illustrated  in  Figs.  3  and 
4,  the  burners  used  were  three  Peabody  combined  fuel-oil  and 
pulverised  coal  burners.  This  paper  being  concerned  principally 
with  the  burning  of  pulverised  fuel,  and  as  workers  in  the  marine 
engineering  field  in  general  are  familiar  with  the  Peabody  burner, 
no  description  of  the  fuel  oil  atomiser  is  considered  necessary.  It  is 
sufficient  to  say  that  no  difficulties  were  experienced  with  the 
burner  when  firing  oil.  The  atomiser  can  be  readily  withdrawn 
on  changing  from  oil  to  coal,  and  can  be  put  into  position  as 
easily  when  it  is  desired  to  burn  oil. 

The  coal  burner  is  composed  of  two  principal  parts,  the  air 
register  and  the  coal  "register"  or  coal  box.  The  function  of  the 
air  register  is  to  regulate  admission  of,  such  air  (in  addition  to 
that  air  which  carries  the  pulverised  coal)  as  may  be  necessary 
for  complete  combustion,  and  also  to  cause  this  air  to  assume  a 
rotary  motion,  so  that,  as  this  air  meets  the  stream  of  carrier  air 
and  its  contained  coal  from  the  coal  "register,"  the  entire  volume 
of  air  and  coal  is  given  increased  turbulence,  principally  by 
rotation. 

Varying  the  opening  of  the  air  register  is  accomplished  by 
means  of  a  star-wheel,  on  the  front  of  the  register,  which  actuates 
the  register  shutters  by  a  rack-and-pinion  device.  An  additional 
star  wheel  provides  for  locking  the  air  register  in  any  position. 

The  function  of  the  "coal  register"  or  coal  distribution  box  is 
to  distribute  the  pulverised  coal  uniformly  around  the  burner. 
This  register  consists  of  a  hollow  casting  in  the  form  of  an 
involute  of  rectangular  cross-section,  having  in  its  inner  surface, 
near  the  furnace  end,  a  slot  through  which  the  coal  stream  enters 
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the  throat  of  the  burner.  This  slot  is  sloped  slightly  towards  the 
furnace  end  of  the  burner,  and  this  sloping,  together  with  the 
involute  shape  of  the  casting,  gives  the  entering  coal  and  carrier- 
air  stream  a  forward  rotary  motion,  which  motion  is  augmented 
by  the  secondary  air  stream  entering  through  and  directed  by  the 
air  register.  Connection  between  the  coal  "register"  and  the  coal 
feed  line  is  made  by  means  of  a  flanged  pipe  joint,  the  cross- 
section  of  the  area,  through  which  the  coal  and  carrier-air 
stream  passes,  gradually  changing  from  circular  at  the 
flanged  joint  to  rectangular  along  the  involute. 


Fig.   6.     Assembly   of    Kennedy   Van    Sann   Ball    Mill. 


Pulveriser. — The  pulveriser  used  was  a  Kennedy  air-swept  tube 
mill,  manufactured  by  the  Kenned}/-Van  Saun  Manufacturing 
and  Engineering  Corporation.  Fig.  6  shows  an  assembly  view  of 
this  mill.  The  mill  consists  of  two  cylinders,  the  inner  one  of 
which  is  in  sections  which  are  secured  to  the  outer,  a  layer  of 
insulating  material  being  inserted  between  the  two  in  order  to 
deaden  noise.  The  exterior  of  the  outer  cylinder  is  covered  with 
a  layer  of  hair  felt,  wired  in  place,  over  which  is  secured  a 
covering  of  cork  linoleum,  f  in.  thick,  secured  by  steel  straps. 

The  sections  of  the  inner  cylinder  are  corrugated  to  assist  the 
cascading  of  the  ball  charge. 
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The  heads  of  the  mill  are  bolted  to  the  outer  cylinder  and  carry 
hollow  journals,  the  bore  of  each  being  machined  to  the  form 
of  a  truncated  cone  with  the  larger  diameter  towards  the  interior 
of  the  mill.  In  the  bore  are  machined  three  square  threads,  those 
at  the  feed  end  being  of  opposite  hand  to  those  at  the  discharge 
end,  tliis  construction  being  such  that  everything  tends  to  feed 
into  the  mill,  and  any  of  the  ball  charge  or  any  large  pieces  of  coal 
are  prevented  from  working  out  of  it. 

The  pulverising  medium  is  a  charge  of  Herculite  steel  balls.  On 
this  run,  the  charge  was  5,190  lb.  Any  depletion  due  to  wearing 
of  the  balls  can  be  made  up  simply  by  feeding  additional  balls 
into  the  feed  end  of  the  mill,  either  while  it  is  in  operation  or  at 
rest.  This  mill  requires  no  magnetic  separator  for  removing 
tramp  metals  as  such  metals  can  do  no  harm,  and,  if  such  do  enter, 
simply   add   to   the   pulverising  charge. 

The  mill  in  this  installation  is  driven  by  a  steam  turbine,  manu- 
factured by  the  Carling  Turbine  Blower  Company,  through  a 
Poole  speed-reducing  unit,  pinion  and  herring-bone  gear  wheel, 
the  latter  being  bolted  to  and  around  the  flange  which  connects 
the  outer  cylinder  to  the  discharge  head  of  the  mill. 

The  mill  is  equipped  at  the  feed  end  with  a  feed  hopper  and  feed 
disc.  The  feed  hopper  is  simply  a  conical-shaped  bin  which  directs 
the  entering  coal  stream  on  to  the  feeder  disc.  The  feeder  disc 
consists  of  a  rotating,  circular  steel  plate,  on  the  top  surface  of 
which  the  feed  hopper  delivers  the  coal  centrally.  The  coal 
spreads  over  the  feeder  disc  in  a  conical  pile,  but  is 
prevented  from  spilling  ofï  by  a  stationary  sheet  metal  guard 
which  rises  a  few  inches  above  the  level  of  the  upper  surface  of 
the  feeder  disc.  This  guard  does  not  extend  entirely  around  the 
periphery  of  the  disc_,  but  is  cut  away  for  about  30  degrees  in 
order  to  give  space  for  the  feeder  "knife."  This  "knife"  is  a 
metal  arm  or  finger  which  extends  from  the  casting  which  supports 
the  feeder,  over  on  top  of  the  disc,  its  function  being  to  scrape  a 
portion  of  the  coal  continuously  from  the  pile  on  the  disc  into  the 
small  chute  which  leads  from  the  outer  edge  of  the  disc  into  the 
mill  through  the  hollow  feed  and  journal.  The  position  of  the 
knife,  and  therefore  the  amount  of  coal  fed  from  the  disc  into  the 
mill,  is  adjustable  by  means  of  a  hand-wheel-operated  worm, 
which  meshes  with  a  semi-circular  gear  attached  to  the  outboard 
end    of    the    knife.      During    test    it    was    discovered    that  this 
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mechanism  might  "creep,"  thus  changing  the  position  of  the  knife, 
and  therefore  a  set-screw  was  fitted  to  prevent  such  creeping. 

The  speed  of  rotation  of  the  feeder  disc,  and  therefore  the  rate 
of  feed  to  the  mill,  can  also  be  varied,  the  disc  being  driven  by  a 
variable-speed  ^-horse-power  motor. 

The  mill  is  equipped  at  the  feed  end  with  an  air  box  which  has 
two  openings,  one  a  connection  to  the  pre-heated  air  pipe  (Fig.  7), 
which  furnishes  air  for  sweeping  the  mill^  and  the  other  for 
inspection  purposes  or  for  adding  to  the  pulverising  charge.  This 
last-mentioned  opening  is  closed  by  a  metal  door,  hinged  at  its 
upper  edge,  and  provided  at  its  lower  edge  with  a  hinged,  toothed 
sector,  which  sector  can  be  engaged  with  the  edge  of  the  opening, 
so  that  the  door  may  be  held  in  any  of  several  open  positions  in 
case  it  is  desired  to  admit  more  air  to  the  mill  than  can  be 
admitted  through  the  regular  air  connection. 

The  mill  is  equipped  at  the  discharge  end  with  a  motor-driven 
fan,  hereafter  called  the  "primary  air"  fan.  This  fan,  as  fur- 
nished, was  of  the  duplex  type,  that  is,  both  the  fan  rotor  and 
casing  were  divided  into  two  parts,  the  rotor  being  divided  from 
the  hub  to  the  outer  edge  by  a  steel  plate  to  which  the  fan  blades 
were  rivetted,  and  the  casing  by  a  corresponding  plate 
rivetted  to  the  wrapper  plate  of  the  casing,  the  latter  plate  being 
in  the  same  place  as  the  former.  The  fan  rotor  is  25  in.  in  dia- 
meter and  carries  six  sets  of  blades_,  the  axial  length  of  the  blades 
on  the  mill  end  of  the  fan  being  7  in.  and  those  of  the  motor  end 
of  the  fan  6  in. 

This  fan  takes  suction  through  its  centre  and  discharges  vertically 
upwards.  That  section  of  the  fan  adjacent  to  the  mill  takes  its 
suction  principally  through  the  mill  through  the  hollow  journal  on 
the  discharge  head.  The  fan  casing  on  the  mill-end  was,  however, 
equipped  with  an  air  box  surrounding  the  hollow  journal.  When 
the  fan  was  first  installed,  this  air  box  was  kept  closed,  but 
during  the  preliminary  tests  it  was  found  necessary  and  desirable 
to  furnish  some  air  through  this  box  and,  therefore,  it  was 
connected  to  a  pre-heated  air  duct,  and  during  the  run  covered 
by  this  paper  this  mill-end  of  the  primary  fan  took  suction 
not  only  through  the  mill  but  also  from  this  air  duct,  which  was 
fitted  with  a  damper  for  regulating  the  amount  of  air  taken 
through  this  connection.  Preliminary  tests  showed  that  satisfac- 
tory operation  was  not  practicable  when  using  the  fan  "duplex," 
and  prior  to  beginning  this  run  the  suction  to  the  motor  end  of 
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this  fan  was  blocked  and  this  entire  run  was  made  with  the  fan 
operating  "simplex."  This  fan  was  driven  by  a  variable-speed 
5-horse-power  motor. 

Distributor. — Directly  above  the  discharge  from  the  primary 
fan  and  connected  to  such  discharge  by  a  short  adapter  duct  was 
the  "distributor."  This  consisted  of  three  parts,  the  distributor 
body,  distributor  head^  and  the  distributor  rotor.  The  body  is  a 
cylindrical  steel  pipe^  connected  by  a  flanged  joint  at  the  bottom 
to  the  previously-mentioned  adapter  duct,  and  by  a  similar  joint 
at  its  upper  end  to  the  distributor  head.  This  head  is  a  casting, 
cylindrical  at  its  lower  end  and  divided  in  the  upper  part  to  give 
three  equidistant  equal  area  discharges.  The  rotor,  which  is 
motor-driven  by  a  vertical  motor  placed  over  the  distributor  head 
and  between  the  three  discharge  connections^  as  furnished  by  the 
Peabody  Engineering  Corporation,  consisted  of  a  four-bladed  fan 
11  in.  in  diameter  and  with  blades  15  in.  in  length.  This  rotor  was 
connected  by  a  coupling  to  the  shaft  of  the  driving  motor.  It  was 
found  during  the  preliminary  tests  that  this  distributor  did  not 
function  satisfactorily,  and  therefore  a  new  rotor  or  fan  was 
designed  and  built  at  the  Philadelphia  Navy  Yard,  and  this  rotor 
was  used  during  the  run  being  described.  The  function  of  the 
distributor  is,  as  the  name  implies,  to  distribute  the  carrier  air 
and  its  contained  pulverised  coal  evenly  and  equally  to  the  three 
burners  through  the  three  discharge  connections  on  the  distri- 
butor head  and  the  coal  feed  lines  which  connect  the  distributor 
head  to  the  coal  "registers"  of  the  burners.  These  feed  lines  were 
made  as  nearly  as  possible  of  the  same  length  in  order  to  avoid 
inequalities  of  distribution,  but  exact  equality  of  pressure  drop 
through  the  three  lines  was  not  obtained,  and  therefore  the 
amount  of  coal  fed  to  all  furnaces  was  not  the  same,  as  is  clearly 
shown  by  the  results  from  the  different  furnaces. 

Secondary  Air  Fan. — The  secondary  air  fan  is  a  steam-engine- 
driven  blower  as  manufactured  by  the  John  Reed  Co.  This  blower 
had  a  rotor  approximately  48  in.  in  diameter^  having  twelve 
blades,  the  blades  having  an  axial  length  of  18  in.  The  fan  had 
centre  suction  and  vertical  upward  discharge.  The  function  of 
this  fan  was  to  draw  air  from  the  fireroom  and  discharge  it 
through  a  sheet-metal  duct  to  the  front  centre  of  the  air  heater. 
This  duct,  together  with  the  connections  from  the  air  heater  to 
the  air  entrance  at  the  intake  end  of  the  mill  and  also  to  the 
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air  entrance  at  the  discharge  end  of  the  mill,  is  shown  in  Fig.  7. 

Coal. — The  major  part  of  the  coal  used  on  the  run  was  mined 
by  the  Lincoln  Coal  Company  at  its  mine  No.  1,  Nant-y-Glo, 
Cambria  County,  Pa.  It  is  known  as  Miller  "B"  seam,  Nant-y- 
Glo  Basin,  Pa.,  semi-bituminous,  and  was  furnished  by  W.  A. 
Marshall  &  Co.  In  fact,  this  coal  was  used  throughout  the  run 
except  for  the  last  444  hours,  when  coal  furnished  by  the  Com- 
mercial Coal  Mining  Company  at  Commercial  Colliery,  No.  5, 
Twin  Rocks,  Cambria  County,  Pa.,  was  used.  This  was  also 
Miller  "B"  seam  coal  from  the  Nant-y-Glo  basin. 

The  coal  was  stored  in  an  open  bunker  outside  the  fireroom, 
from  which  it  was  raised  by  a  bucket  conveyor  to  a  "ready"  bin 
or  hopper.  A  metal  screen  was  fitted  on  top  of  this  bin  and  such 
large  lumps  of  coal  as  had  not  been  broken  before  being  conveyed 
to  the  top  of  the  bin  were  broken  on  the  screen,  so  that  no  pieces 
of  greater  dimensions  than  about  3  in.  entered  this  hopper.  The 
coal  was  fed  from  this  hopper  through  a  regulating  sliding-gate 
to  the  weighing  box,  where  a  6-in.  minute  supply  was  weighed 
and  passed  to  a  screw  conveyor  which  conveyed  the  coal  to  the 
feed  hopper  of  the  mill.  Any  coal  that  was  accidentally  spilled, 
after  having  been  weighed,  on  the  fireroom  floor,  was  carefully 
swept  up  once  or  twice  each  watch  and  placed  in  the  feed  hopper 
of  the  mill. 

Samples  of  coal  for  analysis  were  taken  by  removing  a  300-cc. 
scoopful  from  the  weighing  box  before  each  weighing.  The  coal 
thus  removed  was  collected,  the  whole  quantity  for  each  watch 
was  thoroughly  mixed,  and  then  quartered  until  a  sample  of  suit- 
able weight  had  been  obtained.  The  sample  was  then  placed  in  an 
air-tight  can,  marked  and  held  for  analysis  at  such  time  as  con- 
venient. Analyses  were  made  by  the  Bureau  of  Mines  and  also  by 
the  Philadelphia  Navy  Yard. 

Samples  of  the  pulverised  coal  were  taken  for  fineness  tests, 
once  at  the  middle  of  each  watch,  from  the  duct  connecting  the 
discharge  of  the  primary  fan  with  the  distributor.  This  duct  was 
of  rectangular  cross-section  and  was  fitted  with  two  sampling 
tubes  of  1-in  I.D.  brass  tubing,  at  right  angles  to  each  other,  each 
fitted  on  its  inner  end  with  an  elbow  counter  pointing  to  the 
direction  of  flow  of  the  coal  and  carrier  air  in  the  duct.  Elach  of 
the  sampling  tubes,  which  were  arranged  to  slide  through  gland - 
packed  stuffing  boxes  in  the  walls  of  the  duct,  was  divided  along 
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the  length  into  equal  divisions,  each  division  representing  one- 
tenth  of  its  total  travel  into  the  duct,  and  each  was,  when  not  in 
use,  closed  by  a  plug  in  its  outer  end. 

A  sample  was  collected  by  placing  a  bag  similar  to  the  bag  of  a 
vacuum  cleaner  over  the  outer  end  of  the  tube,  removing  the  plug 
and  collecting  for  one  minute  at  each  marked  point  on  the  tube 
length,  the  tube  being  moved  entirely  across  the  duct  in  ten 
minutes.  The  bag  was  then  shifted  to  the  other  sampling  tube 
and  the  duct  traversed  in  a  similar  manner.  This  total  sample 
was  then  quartered  in  the  usual  manner  to  obtain  the  final  sample, 
which  was  then  placed  in  an  air-tight  can,  marked,  and  held  for 
screening  tests  at  such  times  as  convenient. 

Conduct  of  the  Test. — The  boiler,  which  had  been  lighted  and 
brought  to  working  pressure  the  day  before  the  run,  was  lighted 
(with  oil)  about  one  hour  before  the  time  set  for  starting  the 
run,  was  brought  to  working  pressure,  valves  were  tested,  and  the 
fuel  then  changed  from  oil  to  coal.  At  10-0  a.m.,  July  27,  1927, 
all  conditions  being  settled,  the  run  was  started  and  it  continued 
until  10-0  a.m.,  August  6,  1927,  the  rate  at  starting  bemg 
1,200  lb.  of  coal  per  hour,  which  was  increased  by  200-lb.  incre- 
ments at  the  end  of  each  48-hour  period. 

As  previously  stated,  trouble  was  experienced  occasionally  with 
the  feed  pump,  but,  in  addition,  trouble  was  caused  from  time  to 
time  during  the  early  days  of  the  run  by  variations  in  the  voltage 
of  the  power  supplied  to  the  motors.  These  variations  were 
caused  by  load  fluctuations  on  the  Navy  Yard  circuits,  and  were 
especially  noticeable  at  the  beginning  and  end  of  yard  working 
hours  and  during  the  noon  hour.  During  the  last  half  of  the  run, 
trouble  from  this  source  was  not  encountered,  as  better  arrange- 
ments covering  power  supply  had  been  made. 

Other  troubles  occurred  from  time  to  time  either  with  the 
bucket  conveyor,  the  screw  conveyor,  or  the  distributor,  but  all 
were  overcome  without  interfering  seriously  with  the  run. 

During  the  run  at  the  2,000-lb.  rate^  trouble  was  experienced  with 
the  bearings  of  the  primary  air  fan,  making  it  impossible  to 
maintain  the  air  pressures  previously  found  desirable,  and,  there- 
fore, the  results  of  this  part  of  the  run  were  not  as  good  as  were 
expected  or  as  could  have  been  obtained  had  no  trouble  been 
caused  by  this  fan. 

The  most  serious  trouble  was  experienced  because  of  moisture 
in  the  coal,  which  was  stored  out  of  doors  and  which  became 
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thoroughly  wet  on  more  than  one  occasion  during  the  heavy 
rains,  as  it  could  not  be  entirely  protected  in  the  open  bunkers 
even  though  covered  by  canvas.  During  the  early  morning  hours 
of  July  31,  it  rained  so  hard  that  the  exposed  floor  of  the  bunker 
had  a  considerable  depth  of  water  on  it,  and  it  was  necessary  to 
cut  holes  in  the  deck  to  drain  the  water  ofï.  Under  these  condi- 
tions the  coal  fed  to  the  mill  was  so  wet  at  times  that  water  ran 
from  the  weighing  bin  and  actually  dripped  from  the  feeder 
disc. 

An  analysis  of  the  coal  on  this  watch  showed  18  per  cent, 
moisture.  The  mill  continued  to  pulverise  under  these  conditions, 
but  the  output  was  greatly  diminished  and  the  coal  stream  to  the 
burners  was  extremely  lean.  There  was,  however,  sufficient  coal 
to  keep  the  burners  lighted  except  for  one  or  two  very  brief 
periods,  during  which  the  oil  burners  were  lighted.  The  total  of 
these  interruptions  was  so  small  that  it  can  safely  be  forgotten  in 
so  far  as  concerns  results,  as  the  total  oil  used  was  less  than 
25  lb.,  and  especially  as  it  is  doubtful  if  any  coal  as  wet  as  this 
ever  would  be  used  on  board  ship. 

It  is  to  be  noted  that  none  of  the  difficulties  encountered,  except 
that  with  the  primary  air  fan  at  the  2,000  lb.  per  hour  coal  rate, 
were  due  to  the  pulverised-coal  installation  itself. 

Tubes  were  blown  by  Diamond  rear-end  soot  blowers  at  regular 
intervals  throughout  the  run,  these  intervals  being  eight  hours 
during  the  first  two  rates  and  four  hours  during  the  last  three 
rates. 

At  the  end  of  the  run,  after  the  boiler  had  cooled,  all  ash  or 
residue  in  the  furnaces,  combustion  chambers  and  smokeboxes 
was  collected  and  weighed. 

Steam  made  during  the  run,  in  excess  of  that  used  for  steam- 
driven  auxiliaries,  was  blown  off  at  constant  pressure  to  the 
atmosphere. 

Results 

The  results  obtained  on  the  240-hour  run,  averaged  for  each  of 
the  48-hour  periods,  or  each  of  the  five  different  rates  of  com- 
bustion obtained  are  shown  in  the  form  of  a  graphic  log  by  eight- 
hour  watches  in  Fig.  8. 

The  heat  releases  obtained  on  this  test  were  unique  in  marine 
practice  up  to  that  time,  and  far  more  so  in  stationary  practice,  for 
a  maximum  rate  of  59,984  B.Th.U.  per  cu.   ft.  of  combustion 
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volume  per  hour  was  maintained  during  the  last  forty-eight  hour 
period.  This  high  heat  release  was  accomplished  by  flame  turbu- 
lence and  high  percentage  of  superfines  in  the  pulverised  coal. 
Approximately  26  per  cent,  of  the  total  amount  of  ash  fired  with 
the  coal  was  deposited  in  and  removed  from  the  furnaces  and 
smokeboxes.  The  balance  of  the  ash  left  the  stack  in  the  form  of 
fly  ash.  The  deposit  in  the  furnace  and  smokeboxes  was  made  up 
chiefly  of  larger  particles,  not  only  of  ash  but  also  of  coke.  Losses 
in  unburned  combustible  varied  from  6.5  per  cent,  at  the  lower 


n/itrcM  Mu/^ee/Ks  -  a  nowiits  D<jii/>  t/oj^  £a  c/t 


Fig.   8.      Efficiencies   obtained   at   varying   capacities. 

ratings  to  11  per  cent,  at  the  higher  ratings,  while  losses  due  to 
radiation  and  "unaccounted  for"  varied  from  nearly  7  per  cent, 
at  lower  ratings  to  as  low  as  4.6  per  cent,  at  the  higher  ratings. 
Carbon  dioxide  varied  frorri  15|  to  17  per  cent,  throughout  the 
test.  Equivalent  evaporation  per  lb.  of  14,300  B.Th.U.  coal  as 
fired  varied  from  10.3  to  11.4  per  cent.  Efficiencies,  as  will  be 
noted  from  Fig.  10,  show  a  comparatively  flat  curve,  ranging 
from  70.26  and  77.06  per  cent.,  which  may  be  compared  with  the 
60  to  65  per  cent,  generally  found  with  hand-fired  service  condi- 
tions, and  is  approximately  the  same  as  is  obtained  with  oil-fired 
service  conditions.  It  is  difficult,  however,  to  evaluate  the  proper 
deduction  for  auxiliary  power,  as  this  would  be  dependent  upon 
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the  efficiency  of   generation  of   the  power  appHed   to   the  coal 
pulverisers  and  fans. 

With  oil  firing,  between  f  and  1  per  cent,  of  the  steam  generated 
by  the  boiler  is  used  in  getting  fuel  to  the  furnace.  Hand-fired 
coal,  of  course,  requires  none  of  the  ship's  power  to  deliver  it  to 
the  furnace.  About  all  that  can  be  said  at  the  time  of  writing 
this  paper  is  that  with  properly  designed  auxiliaries  and  auxiliary 
drives,  the  auxiliary  power  used  to  pulverise  and  blow  coal  into 
the  furnace  should  not  exceed  an  average  of  5  per  cent,  of  the 
steam  made  by  the  boiler. 

From  this,  the  importance  of  generating  the  auxiliary  power 
efficiently  on  a  ship  using  pulverised  coal  becomes  apparent. 
Otherwise,  one  of  the  most  desirable  features  of  pulverised  coal 
for  this  work  will  be  lost. 


Fig.  9.     Longitudinal  and  front  view  section  of  Babcock  &  Wilcox  boiler. 

In  a  number  of  turbine  electric  installations,  the  auxiUary  power 
used  at  sea  is  obtained  from  the  main  unit,  a  stand-by  auxiliary 
generator  being  used  when  the  main  unit  slows  below  a  certain 
point.  Consideration  is  being  given  to  a  similar  construction  on 
a  turbine  gear  installation,  a  small  generator  being  geared  to  the 
main  unit  when  at  sea.  For  a  pulverised  coal  equipment  of  this 
type,  it  would  be  especially  valuable  as  a  shaft  horse-power  for 
auxiliary  purposes  could  be  generated  for  from  between  8  and 
10  lb.  of  steam  per  hour  in  a  moderately  high-pressure  and 
superheat  installation.  With  this,  the  steam  required  for  pulveris- 
ing and  blowing  coal  into  the  furnace  would  be  relatively  small 
and  would  be  satisfactorily  comparable  with  the  results  (around 
2  to  3  per  cent.)  which  are  secured  in  modern  stationary  plants. 
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TESTS  AT  BAYONNE 

Coincident  with  the  Philadelphia  Navy  Yard  tests,  the  Babcock 
and  Wilcox  Company  conducted  the  series  of  experiments  pre- 
viously noted  at  its  Bayonne  plant,  using  pulverised  coal  under  a 


Fig.   10.     Babcock  &  Wilcox  boiler  equipped   for  powdered  coal. 

Babcock  &  Wilcox  tubular  marine  boiler.  The  boiler  used  for 
these  experiments  was  a  standard  Babcock  &  Wilcox  boiler 
built  in  1910.  The  tubes  were  8  ft.  long  between  headers,  the  boiler 
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being  sixteen  headers  wide.  Each  header  had  one  4-in.  tube  in 
the  furnace,  or  bottom  row,  and  above  that  nine  groups  of  four 
2-in.  tubes.  The  total  heating  surface  of  the  boiler  was  2,755 
sq.  ft.  and  the  furnace  volume  250  cu.  ft.  Figure  9  shows  a 
longitudinal  and  front-view  section  of  the  furnace.  It  may  be 
noted  that  the  side  walls  had  cross  boxes  in  them;  but,  for  the 
pulverised  coal  experiments  these  were  covered  with  4^  in.  brick 

PULVERISED    COAL    BURNER 
Patent   applied    for. 


Fig.    11.     Babcock   &   Wilcox   powdered   coal   burner. 
Bill  of   material  required   for  one  burner. 
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and  I  in.  asbestos,  so  that  for  all  practical  purposes  the  furnace 
could  be  regarded  as  having  no  water-cooled  surface  in  it,  except 
the  bottom  row  of  boiler  tubes.  The  boiler  was  fitted  with  a  small 
superheater  located  at  the  top  of  the  first  and  second  passes  of 
the  boiler.  No  air  heater  was  used  with  the  boiler,  though 
naturally,  somewhat  higher  efficiencies  could  have  been  obtained 
if  air  pre-heat  had  been  available. 

Fig.  10  shows  photographs  of  the  front  of  the  boiler  fitted  with 
two  pulverised  coal  burners. 
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Fig.  12.     Boiler  efficiencies  and  uptake  gas  temperatures  secured  on  B.  and 

W.    tests. 


Fig.    13.     Primary  and  excess  air  used   in  B.  and   W.   tests. 
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Coal  was  ground  in  a  Fuller  Bonnot  unit  ball  mill  fitted  with  a 
Buffalo  forge  fan  for  exhauster.  Both  mill  and  fan  were  electric- 
ally driven,  so  that  power  requirements  could  be  readily  deter- 
mined with  varying  quantities  of  coal. 

The  boiler  was  operated  "natural  draught"  with  an  open  fire 
room  at  all  times.  Considerable  preliminary  experimentation 
developed  the  final  satisfactory  pulverised  coal  burner,  which  will 
be  noted  in  Fig.  11.   It  is  similar  to  the  Babcock  &  Wilcox  "Lodi" 


He&t    BAlc^rjca.    o,,r7<l  3o7inot  /^l/7. 
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Fig.  14.     Heat  balances  on  B.  and  W.  tests. 

type  burner.  This  burner  also  can  be  used  either  for  coal  or  for 
oil.  When  first  applied,  oil  was  used  for  starting  and  putting  the 
boiler  on  the  line,  later  changing  to  coal  after  everything  was 
heated.  During  the  last  part  of  the  tests,  however^  the  oil 
connection  was  never  used,  the  pulverised  coal  being  lighted  in  the 
cold  furnace  with  an  oil-soaked  torch,  in  much  the  same  manner 
as  when  lighting  a  mechanical  oil  burner. 

Fig.  12  shows  graphically  the  boiler  efficiencies  and  uptake  gas. 
temperatures  secured  in  these  tests. 

Fig.  13  shows  in  the  upper  curve  the  percentage  of  primary  air 
used  for  conveying  the  coal  from  the  mill  to  the  burners,  and  the.- 
percentage  of  excess  air  used  in  the  combustion  of  the  coal. 
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Fig.  14  is  a  graphical  representation  of  the  heat  balances,  show- 
ing distribution  of  the  heat  fired  in  the  coal. 

At  all  times  during  the  test,  the  top  of  the  stack  showed  a  light, 
almost  white  discharge  which  consisted  of  fine  ash.  No  smoke 
was  made  by  the  burners  used  in  the  tests  until  the  CO2  exceeded 
17  per  cent.,  when  distinct  colour  became  visible  at  the  top  of  the 
stack.  If  the  air  was  reduced  still  further^  heavy  black  smoke 
could  be  made  and  the  burners  would  show  a  tendency  to  start 
pulsating. 

The  percentage  of  excess  air  used  for  combustion  was  main- 
tained at  approximately  35  per  cent.  (13|  per  cent.  CO2),  as 
preliminary  experiments  had  shown  that  a  higher  amount  of 
CO2  did  not  appreciably  afifect  the  boiler  efficiency,  but,  on  the 
contrary,  did  increase  the  operating  difficulties  with  furnace  slag, 
especially  at  the  higher  rates.  As  the  furnace  temperature 
approached  the  fusing  point  of  the  ash  in  the  coal,  the  slag  began 
to  strike  and  stick  to  the  tubes  at  the  bottom  of  the  first  pass  and 
gradually  bridge  across  them,  shutting  ofï  the  gas  opening  from 
the  furnace.  By  running  with  35  per  cent,  excess  air,  the  furnace 
temperatures  were  kept  at  a  point  where  the  slag  gave  no  trouble 
from  this  source.  In  a  similar  manner,  the  excess  air  used 
assisted  in  preventing  the  ash  in  the  furnace  from  fusing  with  or 
adhering  to  the  furnace  brickwork,  a  condition  that  occurred 
when  the  excess  air  was  reduced  too  much. 

The  ash  was  removed  once  every  twenty-four  hours  with 
ordinary  firing  tools,  being  readily  dislodged  and  removed  through 
clean-out  doors  at  the  floor  level.  The  burners  were  not  shut 
down  while  this  was  being  done,  as  experience  showed  that  the 
ash  came  out  best  when  the  burners  were  kept  in  operation  at  a 
reduced  rate. 

The  appearance  of  the  flame  in  the  furnace  during  these  tests 
was  excellent  and  more  attractive  in  some  respects  than  that 
secured  with  oil.  The  flame  was  short  and  well  distributed 
through  the  furnace  and  sufficiently  clear,  so  that  when  looking 
through  a  blue-glass  peep-hole  in  the  rear  wall  parts  of  the 
burner  in  the  front  wall  could  be  seen,  thus  forcibly  illustrating 
the  high  speed  of  combustion  being  secured  with  these  burners. 

The  same  equipment  employed  at  Bayonne  is  now  being  tested 
at  the  Philadelphia  Navy  Yard  on  the  same  Scotch  marine  boiler, 
where  the  original  series  of  tests  previously  described  were 
carried  out.    The  object  of  these  tests  is  to  ascertain  how  nearly 
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the  very  satisfactory  results  obtained  with  the  tubular  marine 
boiler  can  be  duplicated  with  a  Scotch  boiler. 

In  general,  the  conclusions  which  were  drawn  from  both  the 
Philadelphia  and  Bayonne  tests  might  be  summed  up  as  follows  : 

1.  If  proper  care  is  taken  in  the  design  of  the  burners,  pulver- 
ised coal  may  be  burned  efficiently  at  the  high  combustion  rates 
necessary  under  marine  boilers  when  the  furnace  volume  is  small 
in  relation  to  the  heating  surface,  even  though,  as  in  a  Scotch 
boiler,  water-cooled  surface  only  is  exposed  to  the  flame, 

2.  The  fusing-point  of  the  ash  in  the  coal  should  be  above  the 
average  flame  temperature,  or  the  resulting  ash  in  the  furnace 
and  on  the  tubes  will  be  a  source  of  stoppage. 

3.  To  obtain  the  full  benefit  in  efficiency  from  burning  pulverised 
coal,  the  auxiliary  power  in  the  ship  should  be  generated  in  the 
most  efficient  manner  possible. 

4.  When  used  with  water-tube  boilers,  pulverised  coal  installa- 
tions do  not  need  oil  as  an  auxiliary  fuel. 

5.  Because  of  their  dependability  and  improved  quality  of  the 
coal  output,  ball  mills  are  to  be  preferred  to  the  impact  or  hammer 
type  for  marine  purposes. 

6.  In  general_,  there  is  no  reason  why  pulverised  coal  should  not 
be  used  aboard  ships  extensively  now,  providing  w^ell-understood 
precautions  are  taken  to  ensure  safety,  dependability,  conveni- 
ence of  operation,  and  reasonably  high  overall  efficiency. 


SEA-GOING  TESTS 

The  fact  that  coal  of  varying  grades  could  be  burned  success- 
fully and  economically  in  the  furnaces  of  a  Scotch  boiler  at  rates 
in  excess  of  the  sea-steaming  demands  has  been  demonstrated. 

The  problem  now  to  be  tackled  was — could  the  shore  test  plant 
results  be  duplicated  afloat? 

The  laboratory  selected  for  this  part  of  the  problem  is  the 
s.S.  Mercer,  a  9,500-ton  cargo  boat,  built  by  the  Federal  Ship- 
building Company  at  Kearney.  N.J.,  one  of  the  wartime-built 
vessels  which  was  anchored  in  the  "Laid-up"  Fleet  in  the  James 
River.  She  is  fitted  with  a  2,500  S.H.P.  General  Electric  turbine,, 
three  Scotch  boilers  and  the  usual  cargo  ship  auxiliaries. 

Fig.  15  is  a  photograph  taken  just  before  she  started  on  her 
maiden  voyage  as  a  pulverised  coal  burner.  Attention  is  called  to 
the  very  short  stack  with   which  she  was  fitted  as  a  war-time 
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measure  to  reduce  visibility.  It  will  be  noted  that  it  is  practically 
on  a  level  w^ith  the  roof  of  the  chart  house. 
The  s.S.  Mercer  w^as  originally  an  oil  burner,  and  was  selected 
for  the  role  of  floating  test  plant  with  this  fact  in  mind.  This 
vessel  was  to  be  assigned  to  a  definite  trade  route  with  a  schedule 
to  meet,  and  there  was  absolutely  no  precedent  whereby  anyone 
could  say  with  any  degree  of  certainty  that  pulverisation  could 
be  obtained  on  a  vessel  rolling  and  pitching  on  the  high  seas. 


Fig.  15.     S.S.  Mercer.     First  commercially  successful  powdered  coal-fired 

steamer. 

Each  of  the  nine  furnaces  was  fitted  with  the  Peabody  com- 
bined pulverised  coal  and  oil  burner,  and  a  duplicate  installation 
of  the  Kennedy  air-swept  mills,  each  of  which  have  sufficient 
capacity  for  the  whole  plant,  was  made. 

Fig.   16  is  an  outline  drawing  of  the  original  installation. 

Each  of  the  two  mills  discharged  into  a  common  distributor, 
which,  in  turn,  discharged  into  three  lines  terminating  in  each 
case  in  a  distributor  having  three  outlets,  one  for  each  furnace. 

It  was  found,  however,  on  the  dock  trial,  that  two  boilers  could 
generate  all  the  steam  required,  and  in  order  to  reduce  the  fan 
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load,  the  port  mill  was  connected  direct  to  the  port  distributor 
and  the  starboard  mill  to  the  starboard  distributor. 

The  vessel  was  bunkered  with  a  good  grade  of  North  Atlantic 
range  coal,  not  special  in  any  sense  other  than  that  she  took  on  a 
much  higher  percentage  of  slack  than  would  be  satisfactory  for 
a  hand-fired  job.  The  coal  used  was  from  Lincoln  Mine^  No.  1, 
Nant-y-Glo,  Pa. 

Coal  bunkers  are  arranged  so  as  to  discharge  in  the  pulveriser 
room,  where  the  coal  is  passed  through  a  4-in.  grizzly  into  a 
trough  of  a  bucket  conveyor,  which  carries  it  over  and  discharges 
it  into  single  roll  crushers.  These  reduce  the  coal  to  H  iri- 
maximum  lumps.  Thence  the  coal  is  fed  by  gravity  into  daily 
supply  bunkers,  which  hold  approximately  20  tons,  port  and  star- 
board.   From  there,  it  discharges  by  gravity  to  the  mill  feeder. 

The  feeder  consists  of  a  set  of  ploughs,  which  sweep  the  coal 
into  the  mill,  the  speed  of  the  ploughs  being  regulated  by  a 
variable-speed  motor. 

The  coal  is  pulverised  in  the  mill  by  the  cascading  of  the  balls  ir 
the  rotating  cylinder,  and  the  pulverised  coal  is  swept  out  of  the 
mill  by  the  suction  of  the  primary  air  fan,  which  discharges  it 
through  the  distributor  where  stratification  must  be  eliminated, 
and  thence  it  goes  to  the  burners, 

VOYAGE  OF  THE  "MERCER" 

The  initial  voyage  of  the  s.s.  Mercer  was  a  real  sea-going  test. 
Ten  days  out  of  the  fourteen  going  across_,  mild  gales  wer-j 
encountered.  She  rolled  32°  and  pitched  12°.  Thus  it  was  found 
that  the  slow  speed  ball  mill  would  function  under  sea-going 
conditions. 

Mechanical  troubles  were  experienced,  as  was  to  be  expected  in  a 
new  installation,  especially  one  built  by  people  who  had  no  ex- 
perience at  all  with  sea-going  equipment.  It  was  found  oui 
definitely  that  it  was  necessary  to  increase  the  factor  of  safety  in 
certain  parts  of  the  equipment  to  the  point  where  it  was  absurd 
as  compared  with  the  factors  used  in  shore  design.  However,  all 
of  the  defects  that  occurred  were  temporarily  corrected  during 
the  voyage,  and  the  total  fuel  oil  consumption  for  the  east-bound 
passage  was  100  barrels,  and  for  the  west-bound  passage  90 
barrels.  The  s.s.  Mercer  not  only  made  her  schedule  but  beat  it 
by  36  hours  on  the  home-bound  passage — and  all  this  was  done 
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during  the  months  of  November  and  December  on  the  North 
Atlantic. 

The  safety  feature  which  was  questioned  by  many — the  relia- 
bihty  of  which  the  experienced  themselves  were  not  too  certain — 
was  thoroughly  proven.  The  economical  feature  was  indicated, 
as  during  the  periods  when  no  mechanical  troubles  were  present, 
the  results  of  the  240-hour  test  run  were  not  only  duplicated  but 
improved  upon.  The  points  of  attack  which  must  be  more 
thoroughly  developed  were  crystallised. 

A  second  voyage  was  completed  and  the  vessel  is  now  on  the 
high  seas  on  her  fifth  voyage.  Modifications  have  been  made  and 
probably  more  will  be  made  on  subsequent  voyages^  for  the  s.s. 
Mercer  is,  as  before  stated,  the  service  laboratory  wherein  were 
tried  out  the  devices  developed  at  the  shore  test  plant — the 
Philadelphia  Navy  Yard. 

The  chief  modification  which  has  been  made  is  the  raising  of 
the  stack  14  ft.  This  is  2  ft.  less  than  that  of  her  sister  ships  in 
service,  but  as  it  required  raising  to  the  topmast  in  order 
to  give  sufficient  clearance  for  radio  antennas,  it  was  considered 
advisable  to  make  only  the  14  ft.  addition. 

The  purpose  of  making  this  change  is  to  correct  the  ash-on-deck 
condition  which  occurred  on  the  first  voyage.  It  is  to  be  recalled 
that  originally  the  stack  of  this  vessel  barely  reached  above  the 
chart  house,  and  as  a  result,  a  head  wind  would  sweep  over  the 
chart  house  down  the  top  of  the  stack  and  carry  the  ashes  to  the 
deck.  With  the  addition  made  to  the  stack,  this  has  not  occurred, 
and  the  vessel  on  her  second  voyage  maintained  clean  decks. 

Following  her  third  voyage,  it  was  found  that  the  system  of 
distributors  developed  at  the  Philadelphia  Navy  Yard  still  left 
much  to  be  desired  despite  the  fact  that  15  per  cent,  saving  was 
made  on  this  trip  based  on  $1.40  oil  and  $4.85  coal.  A  new  type 
of  pneumatic  distributor  was  then  installed  which  eliminated  all 
mechanical  moving  parts,  substituting  a  series  of  air  jets.  Minor 
feeder  trouble  was  also  experienced  on  this  third  voyage,  due  to 
the  fact  that  there  was  a  considerable  amount  of  wire  in  the  coai 
bunkered  on  the  vessel.  This  was  probably  due  to  coal  being 
dumped  from  the  line  cars  into  the  railroad  cars  without  proper 
inspection  at  the  tipple.  The  use  of  slack,  screenings,  or  small- 
sized  coal  is  being  considered  for  future  experiment. 

There  are  three  distinct  features  relative  to  a  marine  installa- 
tion of  pulverised  coal  which  must  be  observed.  Unless  the 
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correct  solution  of  each  of  these  three  points  is  obtained,  satis- 
factory results  are  impossible. 

The  three  points  are  : — 

Extra  fine  pulverisation.  By  this  is  meant  at  least  75  per  cent, 
through  a  300  mesh.  The  percentage  through  a  200  mesh  is  not 
as  important  as  the  percentage  of  superfines,  as  rapid  tlame  pro- 
pagation can  only  be  accomplished  by  means  of  a  large  percentage 
of  the  so-called  superfines. 

High  flame  turbulence  is  essential,  as  the  inert  gases  must  be 
removed  from  the  vicinity  of  the  coal  particles  so  as  to  speed  up 
combustion.  The  conventional  stream-line  burners  are  by  no 
means  suitable  for  use  in  a  marine  boiler. 

The  transportation  and  division  of  the  coal  stream  to  the 
different  furnaces  is  the  third  point,  and  is  just  as  important  as 
the  first  two  mentioned^  as  unequal  distribution  will  cause  heavy 
fires  in  one  furnace  and  lean  fires  in  another_,  with  the  result  that 
one  furnace  becomes  overloaded  with  coal  and  incomplete  com- 
bustion is  produced,  while  the  other  furnace  will  be  operating 
with  a  high  excess  air  condition  and  resultant  loss  in  boiler 
efficiency. 

The  equipment  for  producing  extra  fine  pulverisation  and  the 
burner  to  produce  high-flame  turbulence  can  be  standardised,  but 
the  question  of  transportation  and  distribution  must  be  worked 
out  for  each  individual  installation,  as  it  must  be  arranged  so  as 
to  fit  that  particular  installation  without  involving  structural 
changes  in  the  vessel. 

The  s.S.  Mercer  is  an  experimental  installation,  on  which  a 
great  many  of  the  problems  for  future  installations  have  been 
worked  out.  Since  November  1927,  she  has  made  five  trans- 
Atlantic  voyages  on  the  North  Atlantic,  and  maintained  sailing 
schedule  along  with  the  other  ships  of  her  line. 

This  type  of  operation  is  not  ideal  from  an  experimental  point 
of  view  ;  as  she  arrives  in  port,  cargo  is  discharged  and  loaded. 
She  makes  several  ports  of  call  in  the  States,  such  as  Baltimore, 
Philadelphia,  and  Boston.  Therefore  she  is  practically  under 
steam  continuously,  which  interferes  greatly  with  making  modi- 
fixations  in  her  equipment,  and  testing  out  such  modifications 
as  are  made  before  she  sails  abroad.  But  in  spite  of  this 
handicap,  improvements  have  been  made,  and  she  has  maintained 
her  schedule  and  has  thereby  demonstrated  both  the  safety  and 
reliability  characteristic  of  pulverised  fuel  on  shipboard. 
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Fire-room  conditions  are  far  different  from  those  experienced 
on  a  hand-fired  coal  job.  The  elimination  of  the  ash  buckets, 
slice  bars,  fire  racks  and  hoes  gives  practically  the  same  conditions 
that  are  found  on  an  oil  burner.  In  fact,  it  is  even  better,  as  the 
cleaning  of  burner  tips  is  also  eliminated. 

Fuel  economies  have  also  been  demonstrated,  not  only  by  reduc- 
tion in  the  amount  of  ordinary  bunker  fuel  used,  but  also  by  the 
use  of  slack  coal  and  coals  vi^hich  are  practically  useless  on  grate 
bars — as,  for  example,  12,000  B.Th.U.  coal  with  14  per  cent,  ash 
which  was  bunkered  in  Rotterdam  and  used  for  steaming  purposes 
on  the  west-bound  passage  of  the  initial  voyage  of  the  s.s.  Mercer. 

Prior  to  the  writing  of  this  paper,  the  Canadian  Government 
equipped  the  collier  s.s.  Lingan,  operating  on  the  St.  Lawrence, 
for  the  burning  of  powdered  coal.  Very  successful  tests  are  pro- 
gressing at  the  time  of  writing  this  paper.  The  specifications  of 
the  s.S.  Mercer  have  been  followed^  as  also  in  the  case  of  the  New 
York  Harbour  tub,  the  Flannery.  It  is  understood  that  the 
British  Government  is  making  rapid  progress  with  the  remodelling 
of  a  large  freighter  to  burn  powdered  coal. 

Specifications  for  installation  of  pulverised  fuel  on  six  additional 
Shipping  Board  vessels  are  now  being  prepared.  One  unit  mill  per 
boiler  has  been  provided.  The  primary  fans  have  been  so  located 
as  to  divide  their  load  partially  into  suction  and  partially  dis- 
charge. 

The  coal  bunkers  are  arranged  for  gravity  feed  entirely  with 
the  exception  of  two  wing  reserve  bunkers,  from  which  the  coal 
is  hauled  by  elevator  to  daily  supply  bunker. 

The  centre  fire  of  centre  boiler  is  retained  as  a  hand-fired  coal 
furnace.  This  is  done  so  that  steam  can  be  raised  on  the  plant  by 
hand,  which  is  necessary,  as  the  pulveriser  plant  requires  steam 
to  operate  it. 

The  hand-fired  furnace  also  serves  a  second  purpose,  as  it  will 
supply  sufficient  steam  for  stand-by  night  load  in  port  and  thereby 
eliminate  the  high  auxiliary  load,  which  would  have  to  be  met  if 
operating  under  this  reduced  load  with  pulverised  coal. 

In  adopting  pulverised  fuel  for  use  on  shipboard,  a  study  must 
be  made  of  the  trade  route  in  which  the  vessel  is  to  operate.  If 
she  is  operating  from  North  Atlantic  ports  to  South  American 
ports,  where  native  coal  is  practically  impossible,  due  to  its  low 
calorific  value  and  high  ash  content,  and  where  fuel  oil  is,  in 
comparison  to  foreign  coal,  comparatively  cheap,  this  presents 
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a  combination  that  can  better  be  solved  by  oil  burners  or  motor- 
ships  than  by  pulverised  coal. 

In  trade  routes  where  cheap  oil  can  be  purchased  en  route,  such 
as  trades  to  the  Far  East  through  Panama^  the  motorship  and  oil 
burner  have  an  advantage  over  pulverised  coal. 

But  trades  in  which  cheap  and  fairly  good  coal  can  be  pur- 
chased at  the  foreign  terminus,  such  as  in  the  South  and  West 
African  Lines,  pulverised  fuel  has  the  advantage. 

In  the  North  Atlantic  trade,  where  round-trip  bunkering  has  but 
little  effect  on  the  cargo-carrying  capacities  of  the  vessel  and 
where  such  effect  as  it  does  have  can  be  reduced  by  foreign 
bunkering  of  good  cheap  fuel,  pulverised  coal  has  a  distinct 
advantage  over  either  oil  burners  or  motor  ships. 

And  in  Atlantic  Coast  work  and  on  the  Great  Lakes  it  becomes 
by  far  the  more  desirable  type  of  fuel. 

Pulverised  coal  has  made  its  entrance  into  the  marine  field.  A 
considerable  amount  of  development  work  has  been  accomplished 
and  a  great  deal  more  will  be  effected  by  the  installations  now 
contemplated  or  actually  being  built.  It  has  a  language  and  habits 
all  of  its  own,  but  the  language  and  habits  are  such  as  can  be 
learned  and  understood  by  engineers.  It  is  not  potential  T.N.T., 
as  predicted  by  many  a  few  years  ago,  but  rather,  as  Dr. 
Kreisinger  has  named  it,  it  is  a  "good-natured"  fuel,  ready  to  help 
to  effect  economical  and  humane  stokehold  conditions.  It  is  an 
agent  whereby  engineers  can  convert  potential  B.Th.U.  into 
mechanical  energy  by  means  of  intelligent  supervision. 
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ZUSAMMENFASSUNG 
Aus  menschlichen  wie  auch  aus  wirtschaftlichen  Gründen  sind  in 
Amerika  seit  mehr  als  sieben  Jahrzehrten  die  Gedanken  und  Forschungen 
der  Tecliniker  dahin  gerichtet  gewesen,  Staubkohle  als  Schiffskessel- 
feuerung zu  benutzen.  Die  Vorteile  einer  technisch  brauchbaren  Lösung 
sind  folgende  : — 

(1)  Verminderter  Brennstoffverbrauch   im   Vergleich   zur  Handfeuerung. 

(2)  Wo     billige     Kohle     vorhanden     ist,     erhebliche     Verringerung     der 

Betriebskosten  im  Vergleich  zu  Ölfeuerung. 

(3)  Grösserer  Aktionsradius   der   Schiffe. 

(4)  Die  Zustände  im  Heizraum  ermöglichen  wie  bei  der  Ölfeuerung  die 

ununterbrochene  Anstellung  erstklassiger  Bedienung. 

(5)  Weniger  Bedienung  als  bei  Ölfeuerung. 

(6)  Weniger    Rauch    als    bei    Ölfeuerung. 

(7)  Unmittelbare  Zermahlung  der  Kohle  an  Bord. 

(8)  Sofortige   Volldampfentwickelung. 

(9)  Keine  Aufbankverluste  während  kurzer  Aufenthalte. 

Die  Abhandlung  umfasst  die  Geschichte  der  Forschung  auf  diesem  Gebiet, 
die  mit  Versuchen  auf  der  Marinewerft  in  Boston  in  1867  anfing.  Hier  wurde 
grobkörnige  Staubkohle  so  auf  einen  Rost  geworfen,  dass  die  feinen 
Bestandteile  über  dem  Rost  in  schwebendem  Zustand  verbrannten  und  die 
gröberen  Teile  weiter  auf  dem  Kohlenbett  verbrannten.  Diese  ersten 
Experimente  gaben  dem  U.S.  Shipping  Board  Anlass  zur  Unternehmung 
eines  zweijährigen  Versuchs  in  der  Marinewerft  in  Philadelphia  mit  sehr 
feinkörniger  Staubkohle  und  turbulenter  Feuerung.  Das  Ergebnis  dieser 
Versuche  waren  die  jetzt  weltbekannten  Probefahrten  des  U.S.S.  Mercer, 
des  ersten  erfolgreichen  Kohlenstaubdampfers  der  Welt.  Dieser  Dampfer 
befindet   sich  jetzt   auf    seiner    fünften   Überfahrt   über   den   atlantischen 
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Ozean.  Mehr  als  fünfzehn  Prozent  Reinersparnisse  au  Brennstoff  sind 
schon  erreicht  worden,  und  dieser  Gewinn  wird  erheblich  grösser  werden, 
sobald  billigere  Kohle  zur  Ausnützung  gebracht  werden  kann.  Der  S.S. 
Mercer  hat  nicht  allein  Schritt  mit  seinen  sowohl  öl-  wie  handgefeuerten 
Schwesterschiffen  gehalten,  sondern  hat  schon  die  Fahrzeiten  dieser  Schiffe 
um  36  Stunden  geschlagen. 

Der  Shipping  Board  ist  heute  von  seiner  Wirtschaftlichkeit  dermassen 
überzeugt,  dass  neue  Vorschriften  für  den  Umbau  von  sechs  weiteren 
Schiffen  vom  Shipping  Board  herausgegeben  wurden.  In  Kanada  ist  der 
S.S.  Lingan  schon  für  diesen  Zweck  umgebaut  worden,  ebenso  der  New 
Yorker  Hafenschlepper  Flannery.  Von  Deutschland,  England,  Frank- 
reich, Australien,  Holland,  Norwegen  und  vielen  anderen  Ländern  kommt 
die  Kunde  von  bevorstehenden  Umbauten  gleicher  Art. 

Obgleich  alle  Schwierigkeiten  im  schwimmenden  Laboratorium  des  S.S. 
Mercer  noch  in  keiner  Weise  beseitigt  sind,  ist  doch  schon  bewiesen,  dass 
gleichmässige  Kesselleistungen  von  71  bis  80  Prozent  praktisch  möglich 
sind,  und  selbst  bei  schlechtester  Witterung  ist  die  Anlage  durchaus  zuver- 
lässig und  seefest.  Amerika  ist  natürlicherweise  stolz  auf  diesen  Beitrag 
zur  Schiffsbautechnik,  aber  es  ist  gern  bereit,  seine  Erfahrungen  auf 
diesem  Gebiet  mit  Technikern  aus  anderen  Ländern  zu  teilen  in  der 
Hoffnung,  durch  internationale  wissenschaftliche  Zusammenarbeit  die 
Vervollkommung  der  Methode  im  Dienste  der  Menschheit  zu  fördern. 
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GENERAL  REPORT    ON    SECTION  M 

PULVERISED  FUEL 

ARTHUR     GROUNDS 

I     This  General   Report   covers   the   papers  comprising  Section   M, 
namely  : — 

(a)  "Pulverised  Fuel  Firing  at  the  Mydlovary  Power  Station  of 

the    South    Bohemian    Electricity    Works    at    Budéjovice" 
(Czechoslovakia)  by  Ing.  Fr.  Wiesner  (Ml). 

(b)  "Some  Selected  Topics  in  the  field  of  Pulverised  Coal  Research 

in  Germany"  (Germany),  by  Dr.-Ing.  Förderreuther  (M2). 

(c)  "Pulverised  Fuel  Firing"  (Great  Britain),  by  F.  H.  Rosen- 

crants  (M3). 
{d)  "The  Function  of  the  Combustion  Chamber  of  a  Powdered 

Fuel-fired  Boiler  Installation"  (Holland),  by  Dr.  W.  Lulofs 

(M4). 
{e)  "Progress  of  Pulverised  Fuel  Burning  for  Steam  Boilers  in 

Japan"  (Japan),  by  Prof.  Dr.  Shuichi  Yamaguchi  (M5). 
(/)  "Powdered  Fuel  in  MetaUurgical  Work"  (U.S.A.),  by  W.  O. 

Renkin  (M6). 
(g)  "The  Combustion  of  Anthracite  Culms  and  Brown  Coals   in 

Pulverised  Form"  (Russia),  by  Prof.  L.  K.  Ramzin  (M7). 
{h)  "Powdered  Coal  for  Steam  Purposes"  (U.S.A.),  by  Hy.  Krei- 

singer  and  Martin  Frisch,  Junr.  (M9). 
(/)   "Powdered  Fuel  in  Marine  Work"  (U.S.A.),  by  Lt.  Commdr. 

Brooks  (MIO). 

These  papers  group  themselves  under  the  following  headings: — 

(a)  Research   on   the   preparation   and   utihsation   of  powdered 

fuels. 
(6)  Powdered  fuel  for  power  station  work. 

(c)  Powdered  fuel  for  metallurgical  work. 

(d)  The  combustion  of  "unusual"  fuels  in  powdered  form. 
{e)   The  utilisation  of  powdered  fuel  in  marine  practice. 

542 


GENERAL  REPORT 

{a)  Research   on  the  Preparation  and   Utilisation  of  Powdered 
Fuels 

There  still  remain  to  be  solved  a  number  of  problems  concerning 
the  design  of  combustion  chambers,  fineness  of  grinding,  fusion 
point  of  coal  ash,  the  grinding  process  itself,  transport  of 
fine  coal  and  the  disposal  of  flue  dust  in  pulverised  fuel-fired 
plants.  Förderreuther,  in  his  paper  (M2),  discusses  his  research 
on  the  fineness  of  pulverised  coal  and  draws  attention  to 
the  need  for  standardisation  of  sieves,  both  as  regards  size  of 
apertures  and  form  of  sieve  adopted.  The  fineness  of  natural  coal 
dust,  occurring  in  mines,  has  been  studied  by  the  author,  who  also 
discusses  the  relative  merits  of  the  various  grinding  units  available, 
paying  particular  attention  to  the  question  of  power  consmnption. 
The  design  of  the  combustion  chamber  is  the  subject  of  special 
consideration  from  this  author,  and  also  from  Dr.  W.  Lulofs,  who 
has  devoted  the  whole  of  his  paper,  "The  Function  of  the  Combustion 
Chamber  of  a  Powdered  Fuel-fired  Boiler  Installation"  (M4),  to  this 
subject.  Dr.  Lulofs  has  presented  a  particularly  clear  exposition 
of  his  studies,  starting  from  fundamental  principles.  The  question 
of  heat  transmission  through  brick  walls  is  dealt  with,  and  curves 
are  given  showing  the  limiting  size  of  a  boiler  according  to  the 
percentage  of  carbon  dioxide  in  the  flue  gases  at  a  temperature  of 
1 ,200°C.  in  the  combustion  chamber.  The  effect  of  air-  and  water- 
cooled  walls  is  considered,  while  the  development  of  the  water- 
cooled  wall  and  the  water-grate  is  discussed  both  by  Rosencrants, 
in  his  paper  "Pulverised  Fuel  Firing"  (M3),  and  by  Kreisinger  and 
Frisch.  Rosencrants  calls  attention  also  to  the  development  of  the 
"turbulent  combustion"  furnace,  and  outlines  the  main  considera- 
tions governing  the  process  of  combustion.  Fundamentally,  the 
application  of  steam  and  water-cooling  has  become  so  well  estabUshed 
that  except  for  very  limited  sections  of  wall,  refractory  construc- 
tion for  pulverised  fuel  furnaces  may  be  considered  obsolete.  An 
exception  should  be  made  to  this  statement  for  the  case  in  which  a 
fuel  having  a  very  low  volatile  content  is  to  be  burned. 

{b)  Poivdered  Fuel  for  Power  Station  Work 

One  of  the  main  disadvantages  in  the  past  has  been  the  cost  of 
preparation  of  powdered  fuel,  and  any  method  of  preparation  which 
will  lower  the  cost  is  bound  to  receive  serious  consideration.  Rosen- 
crants {vide  supra)  and  Ramzin,  in  his  paper,  "The  Combustion  of 
Anthracite  Culms  and  Brown  Coals  in  Pulverised  Form"    (M7), 
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draw  attention  to  the  gradual  tendency  to  eliminate  the  dryer  as  a 
unit  of  the  pulverised  fuel  preparation  plant,  and  to  substitute  an 
air-swept  mill  if  at  all  possible,  the  air  supph'  being  heated  and 
preferably  tapped  off  from  the  combustion-air  supply.  Ramzin 
states  that  ".  .  .  the  elimination  of  special  drying  plant  and  a 
successful  reaUsation  of  drying  within  the  mill  itself  becomes  the 
most  essential  requirement  for  a  truly  profitable  application  of 
pulverised  fuel."  It  is  also  pointed  out  how  the  application  of 
pulverised  fuel  has  influenced  the  design  of  steam  generators,  for 
whereas  formerly  pulverised  fuel  was  applied  to  existing  units, 
boilers  and  furnaces  are  now  designed  to  suit  powdered  fuel  con- 
ditions. The  water-tube  wall  furnace  is  an  example  of  such  dev^  elop- 
ment.  Rosencrants  gives  full  particulars  of  a  large  number  of 
industrial  installations  together  with  examples  of  pulverised  coal- 
fired  municipal  and  public  units.  He  compares  the  respective 
advantages  and  disadvantages  of  the  bin-and-feeder  and  the 
direct-fired  systems,  and  sums  up  in  favour  of  the  former,  the 
application  of  which  is,  in  his  opinion,  sure  to  extend  to  a  much 
greater  extent  than  that  of  the  direct -fired  system.  This  is  also 
the  view  of  Kreisinger  and  Frisch. 

The  direct-fired  system  is  particularly  suitable  for  relatively  small 
undertakings,  while  the  bin-and-feeder  system  is  more  economical 
for  large  installations.  With  the  increasing  tendency  to  arrange  for 
grinding  mills  to  be  placed  in  close  association  with  the  boilers,  it 
seems  probable  that  the  use  of  the  pump  conveying  system  will 
give  way  to  the  use  of  screw  conveyors.  The  state  of  flux  of  our 
modern  conceptions  of  pulverised  fuel  is  indicated  by  Rosencrants 
in  his  comments  and  prophecy  on  the  design  of  the  modern  plant. 
As  he  rightly  says,  it  takes  the  best  part  of  eighteen  months  or  two 
years  to  express  present  ideas  in  iron,  steel  and  other  material 
required  to  build  a  boiler  plant.  Two  years  is  a  long  time  in  a  new 
industry,  however,  and  the  plant  in  process  of  design  and  construc- 
tion is  thus  necessarily  obsolete  in  many  of  its  features  upon  com- 
pletion, the  only  real  modern  plant  being  that  which  is  in  the 
proposition  stage  on  the  drawing  board. 

The  modern  plant  is  indicated  as  operating,  as  far  as  possible, 
on  the  unit  system,  i.e.,  beginning  with  the  raw  coal  bunker,  one 
boiler  unit  is  served  by  one  pulveriser,  one  pulverised  fuel  bin  and 
one  battery  of  feeders  and  burners.  The  suspended  arch  has  been 
eliminated  and  dr3äng  is  carried  out  in  the  pulveriser  itself  \\ith  hot 
air  from  the  preheater.  The  whole  of  the  pulverising  system  is  at  a 
pressure  below  that  of  the  atmosphere,  all  air  withdrawn  from  the 

544 


GENERAL   REPORT 

pulverising  system  being  utilised  as  primary  air,  thus  eliminating 
dust  nuisance.  Over  capacity  in  a  pulveriser  is  allowed  for  by 
passing  the  surplus  dust  to  a  neighbouring  unit  {i.e.,  bin)  so  that 
the  coal  in  the  bins  acts  as  a  reserve  in  case  of  pulveriser  breakdown. 

The  evil  effect  of  ash  in  eroding  furnaces  has  been  largely 
eliminated  by  the  use  of  the  fin-tube  wall,  but  there  still  remains  the 
difficulty  of  erosion  of  fans,  air  heaters,  economisers,  ducts  and  so 
on.  The  logical  step  seems  to  be  the  elimination  of  the  ash  in  the 
first  place  from  the  fuel  as  supplied  by  the  colliery,  and  it  is  in- 
teresting to  enquire  as  to  the  possibilities  of  coal  washeries  being 
established  at  power  stations  if  clean  supplies  of  coal  cannot  be 
secured  from  the  collieries  direct.  The  elimination  of  the  dust 
nuisance  from  the  stacks  of  power  stations  has  been  the  subject 
of  special  enquirj^  in  America,  where  electrical  precipitators  ha\'e 
been  installed  and  have  given  excellent  results.  This  particular 
form  of  nuisance  is  likely  to  be  much  more  keenly  experienced  in 
this  country  where  dirtier  coals  are  commonly  used,  and  where, 
owing  to  the  greater  humidity  of  the  atmosphere,  the  dust  falls  to 
the  ground  within  a  comparatively  short  distance  of  the  power 
station. 

Experimental  work  on  the  firing  of  boilers  using  powdered 
anthracite  has  been  carried  out  in  Japan  and  is  described  in  the 
paper  by  Dr.  Yamaguchi  ("Progress  of  Pulverised  Fuel  Burning 
for  Steam  Boilers  in  Japan" — M5),  who  also  gives  particulars  of 
the  Hirotani  pulveriser  which  has  been  developed  in  that  country. 

Complete  thermal  analyses  are  given  by  Ramzin,  in  the  paper 
mentioned  above,  of  the  results  obtained  when  using  a  wide  range 
of  fuels  varying  from  lignites  to  anthracites  and  it  is  interesting 
to  learn  that  by  January  1st,  1932,  the  proposed  capacity  of  the 
pulverised  fuel-fired  stations  in  the  U.S.S.R.  will  amount  to  394,000 
kW.,  the  largest  plant  being  the  Shterov  station,  using  anthracite 
culm  and  having  an  output  of  180,000  kW.  A  comparison  is 
made  of  the  results  obtained  with  pulverised  coal,  as  against  stoker- 
fired  units. 

In  Czechoslovakia,  the  adoption  of  pulverised  coal  presents 
great  possibilities,  since  tlTe  Mydlovar}'  lignite  is  the  most  inferior 
coal  in  that  country.  Previous  to  the  adoption  of  pulverised  coal- 
firing,  it  was  impossible  to  attain  high  steaming  rates  on  grates, 
particularly  when  dealing  with  peak  loads  and  using  this  coal  at  the 
same  time.  The  plant  at  the  Mydlovary  Power  Station  is  fully 
described  by  Wiesner  in  his  paper,  "Pulverised  Fuel  Firing  at  the 
Mydlovar}'  Power  Station  of  the  South  Bohemian  Electricity  Works 
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at  Budéjovice"  (Ml).  This  power  station  is  situated  right  at  the 
mine,  where  the  coal  is  first  subjected  to  a  wet  preparation  treat- 
ment, then  dried  in  steam  tube  dryers  and  cooled  before  grinding. 
The  chimney  draught  and  secondary  air  are  electrically  controlled 
and  the  overall  thermal  efficiency  of  the  station  is  84  per  cent.  The 
power  consumption  of  the  coal  dust  preparation  imits,  as  well  as 
the  cost  of  construction,  are  reported  on  and  compared  with  those 
of  other  pulverised  fuel  power  stations.  Information  of  this  type  is 
always  particularly  welcome,  as  probably  the  most  difficult  data 
to  obtain  are  those  relating  to  costs,  whatever  the  process  may  be. 
Considerable  extensions  of  pulverised  fuel-firing  are  likely  in  the 
near  future  in  Bohemia,  especially  in  view  of  the  excellent  results 
obtained  with  such  a  low-grade  coal. 

(c)  Powdered  Fuel  for  Metallurgical  Work 

Renkin,  in  his  paper,  "Powdered  Fuel  in  Metallurgical  Work," 
has  outlined  the  developments  which  have  occurred  in  the  States 
in  the  adoption  of  pulverised  fuel  to  furnace  heating  problems. 
He  draws  attention  to  a  point  which  has  apparently  been  overlooked 
by  other  authors,  namely,  that  unless  a  coal  has  been  thoroughly 
well  dried,  it  is  useless  to  grind  it  very  finely,  as  the  particles  agglome- 
rate on  injection  into  the  furnace  or  in  the  feeding  mechanism  and 
hence  burn  as  coarse  particles  of  coal.  This  is  particularly  important 
in  metallurgical  work,  especially  in  the  melting  of  malleable  iron. 
It  seems  probable  that  oil-fired  open-hearth  steel  plants  will  change 
over  to  piilverised  coal  firing,  fuel  consumptions  of  400  lb.  of  coal 
per  ton  of  steel  having  been  attained.  The  appHcation  of  pulverised 
fuel-fired  furnaces  to  puddling  and  bushelling  is  also  likely  to 
extend.  This  method  of  coal  utilisation  has  been  extended  to  a 
large  number  of  operations  in  the  metallurgical  industries,  and 
particulars  are  given,  in  the  paper  quoted,  of  the  advantages  to  be 
gained  by  its  adoption. 

{d)   The  Coimbustion  of  "Unusual"  Fuels  in  Powdered  Form 

Ramzin,  in  the  paper  already  mentioned,  has  drawn  attention  to 
the  possibilities  of  using  low  grade  anthracite  culms  and  lignites  in 
powdered  form.  Russian  anthracite  culm  contains,  for  example, 
18  per  cent,  of  ash,  yet  this  fuel  can  be  burned  satisfactorily  in 
powdered  form  if  ground  sufficiently  finely.  For  the  efficient 
combustion  of  anthracite  culm,  the  coal  should  be  ground  to  a 
fineness  of  10-12  per  cent,  residue  on  a  sieve  of  70  meshes  per  hnear 
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cm.  The  residue  on  a  sieve  of  30  meshes  per  Unear  cm.  should  not 
exceed  0-5  per  cent.  The  rate  of  heat  Hberation  should  not  exceed 
110,000  to  130,000  calories  per  cubic  metre  per  hour,  in  order  to 
avoid  an  increase  in  losses  through  mechanical  incompleteness  of 
combustion  and  a  rapid  slagging  of  tubes.  The  air  supply  should  be 
at  a  temperature  not  lower  than  200-250°C.,  and  a  water  screen  is 
advisable  in  the  bottom  of  the  furnace. 
The  brown  coals  and  shales  studied  by  Ramzin  were  also  character- 
ised by  high  moisture  and  ash  contents,  and  difficulty  was  ex- 
perienced in  grinding  owing  to  the  presence  of  nodules  of  hard 
P)n-ites.  Comparisons  are  made  of  combustion  on  hand-fired, 
stoker-fired  and  pulverised  coal-fired  furnaces,  using  both  hot  and 
cold  blast.  The  application  of  pulverised  fuel  is  highly  profitable 
when  operating  with  fuels  rich  in  ash,  non-caking  and  containing 
a  high  percentage  of  volatile  matter. 

{e)   The  Utilisation  of  Powdered  Fuel  in  Marine  Practice 

Only  one  paper  was  presented  on  this  aspect  of  the  use  of  pulverised 
fuel,  namely,  that  by  Lt. -Commander  Brooks.  He  describes  the 
results  obtained  during  the  recent  runs  of  the  Mercer  and  draws 
attention  to  the  fact  that  for  marine  service,  plant  must  be  much 
more  robust  than  for  land  service.  In  spite  of  difficulties,  good 
results  were  obtained,  and  it  is  Commander  Brooks's  opinion  that 
the  appUcation  of  pulverised  fuel  to  marine  service  will  increase 
rapidly.  It  is  rather  too  early  to  say  with  confidence  that  pulverised 
fuel  has  proved  an  imqualified  success  but  several  facts  have  emerged 
from  the  results  obtained.  For  marine  service  the  ball  mill  is  the 
most  satisfactory  grinding  unit.  Tramp  iron  does  not  affect  the 
working  of  the  mill,  since  it  only  adds  to  the  grinding  charge. 

Another  point  which  emerges,  apart  from  any  of  the  above  headings, 
is  the  extent  to  which  tanks  have  been  used  on  the  Continent  for 
the  transport  of  fuel  in  powdered  form.  In  German}^  in  particular, 
over  250  of  these  transport  tanks  are  now  in  use  and  the  possibiHty 
of  their  adoption  in  this  coimtry  should  be  carefully  considered. 
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MONDAY,    OCTOBER    1 

Section  M 
PULVERISED  FUEL 

Chairman  :   Mr.  Archibald  Page 

The  Chairman',  in  opening  the  meeting,  said  there  was  no  subject 
to-da}'  which  demanded  more  attention  from  engineers  concerned 
with  economic  power  production,  either  on  land  or  sea,  and  whether 
from  the  point  of  view  of  design  or  operation,  than  that  of  pulverised 
fuel.  When  a  new  power  station  was  about  to  be  estabhshed,  or 
extensions  of  existing  stations  were  under  consideration,  one  of 
the  first  decisions  which  had  to  be  taken  was  whether  or  not  pow- 
dered fuel  firing  should  be  adopted.  The  issue  was  by  no  means 
simple,  and  moreover  there  was  much  at  stake.  Hence  this  par- 
ticular session  of  the  Conference  was  one  of  the  greatest  importance. 
Our  knowledge  of  the  subject  had  been  materially  strengthened 
by  the  excellent  papers  which  had  been  prepared;  and  in  welcoming 
speakers  in  the  discussion  he  said  he  had  no  doubt  that  they  would 
tell  us  not  only  of  their  successes  but  also  of  some,  at  least,  of  their 
failures,  so  that  we  might  profit  by  their  experience. 

Mr.  P.  C.  Pope  then  presented  the  General  Report. 

Mr.  H.  A.  Humphrey  (Vice-Chairman,  Great  Britain),  in  opening 
the  discussion,  said  that  "Pulverised  Fuel"  was  one  of  the  most 
important  sections  dealt  with  at  the  Conference,  containing  as  it 
did  nine  papers  of  very  great  interest  and  value.  These  papers 
provided  so  much  material  for  discussion  that  it  had  wisely  been 
decided  to  confine  the  discussion  under  eight  headings.  He  proposed 
to  make  a  few  broad  remarks  on  each  svibject,  merely  prefacing  his 
remarks  bv  saying  that  as  consulting  engineer  to  Imperial  Chemical 
Industries  Ltd.,  he  had  been  responsible  for  the  design  of  boiler 
plants  capable  of  using  over  one  million  tons  of  powdered  fuel  per 
annum. 

The  first  point  for  discussion  was  the  "most  satisfactory  type  of 
dryer."  For  lignite  and  brown  coals  which  were  inherently  wet 
there  might  be  a  definite  answer,  and  a  comparison  of  dryers  might 
be  useful,  but  for  coal  which  was  mixed  dry,  there  were  two  reasons 
why  a  discussion  might  be  rather  disappointing.  Firstly,  no  really 
good  drver  had  been  devised  which  was  intended  to  be  placed  before 
the  pulveriser.  Fortunately,  the  rational  method  of  drying  by 
hot  air  in  the  pulveriser  itself  was  proving  satisfactory.  It  provided 
direct  heat  transfer  with  rapid  agitation,  and  it  was  cheap,  since  it 
involved  no  separate  drying  plant.  Secondly,  colliery  owners  had 
now  available  means  of  cleaning  coal,  and  preparing  the  small  coal 
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for  the  market,  which  entirely  avoided  any  necessity  of  sending 
out  wet  coal.  The  rapidly  increasing  use  of  pulverised  fuel  would 
focus  attention  on  the  moisture  content  of  coal,  so  that  it  would 
never  be  allowed  to  rise  above  that  point  at  which  the  coal  could 
comfortably  be  dried  in  the  mill  itself. 

A  manifest  desire  for  an  international  standard  of  sieves  for 
pulverised  coal  existed.  He  hoped  the  discussion  would  provide 
a  very  strong  lead  in  this  direction,  and  it  was  surely  a  subject  upon 
which  a  well-framed  resolution  would  be  acceptable. 

Coal  was  a  very  variable  material,  and  its  size,  hardness  and 
moisture-content  seriously  affected  the  rate  at  which  it  could  be 
pulverised.  It  could  not,  therefore,  be  expected  that  if  raw  coal 
was  fed  into  a  pulveriser  unit,  such  unit  could  deliver  a  uniform 
mixture  of  air  and  pulverised  fuel  from  moment  to  moment  as 
efficient  combustion  required.  Scientific  control  of  combustion 
required  a  reservoir  of  air,  which  should  be  alwavs  available,  and  a 
reservoir  of  uniform  pulverised  fuel  from  which  measured  quantities 
could  be  continuously  withdrawn  and  mixed  in  the  correct  pro- 
portions. With  all  other  variables  previously  eliminated,  the 
mixture  could  then  be  fed  to  the  furnace  at  the  desired  rate  to  meet 
the  steam  requirements.  Roth  these  operations  could  be  auto- 
matically controlled.  The  bin  and  feeder  system  provided  this 
simplification  of  final  control,  and  before  we  could  sacrifice  this  we 
must  be  offered  very  considerable  compensating  advantages.  But 
with  modern  arrangements,  with  the  mills  placed  close  to  the  boiler, 
there  was  very  little  difference  between  the  two  systems  either  in 
first  cost  or  operating  expenses.  Moreover,  the  bin  and  feeder 
system  provided  insurance  against  stoppage  due  to  mill  break- 
downs, and  ensured  a  uniformity  in  fineness  of  the  ground  coal. 
For  these  reasons,  he  thought  the  bin  and  feeder  system  would 
continue  to  be  approved  for  really  large  and  important  installations, 
but  he  was  full  of  admiration  for  the  way  in  which  the  inherent 
disadvantages  of  the  direct-fired  system  were  being  gradually  over- 
come, and  he  thought  that  its  future  outlook  was  bright. 

A  great  deal  was  owing  to  Conmiander  Brooks  for  the  full  and 
frank  manner  in  which  the  results  of  the  researches  and  experiments 
which  he  recorded  had  been  set  out.  Of  the  importance  of  the 
subject  there  was  no  doubt,  but  he  would  suggest  the  experiments 
were  all  based  on  the  present  type  of  marine  boilers  and  their 
disposal  in  a  ship.  He  could  visualise  the  use  of  very  much  larger 
units  and  a  very  different  arrangement  as  more  suited  to  pulverised 
fuel  firing.  Returning  from  xA.merica  on  one  of  the  large  Atlantic 
liners  using  a  large  number  of  oil-fired  boilers,  he  had  pointed  out 
to  the  chief  engineer  that  the  largest  liner  could  easily  be  driven  by 
two  boilers  using  pulverised  fuel,  and  outlined  what  appeared  to 
him  a  suitable  arrangement.  The  engineer's  comment  was  "For 
heaven's  sake  don't  suggest  such  an  idea  to  my  company."  He 
was,  of  course,  using  oil  fuel  with  the  minimum  of  anxiety. 

After  a  very  diligent  search  for  the  best  pulverising  plant, 
Imperial   Chemical   Industries   Ltd.   had   adopted   Ravmond   Mills 
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and  Hardinge  Ball  Mills.  The  latter  were  the  more  reliable,  but 
they  were  more  expensive  in  the  first  cost  and  in  power  consump- 
tion, and  were  more  noisy.  The  grinding  plant  was  the  least  satis- 
factory part  of  the  whole  equipment,  but  improvements  were 
rapidly  being  made  which  would  greatly  lessen  the  troubles.  The 
intensive  work  which  was  being  put  into  this  subject  would  evolve 
a  machine,  continuously  lubricated,  which  would  gradually  wear 
out  the  grinding  surfaces  over  a  reasonable  total  tonnage  and  be  free 
from   unexpected  breakdowns. 

The  dust  emitted  from  pulverised  fuel  fired  boilers  by  way  of  the 
stack  presented  a  real  difficulty.  Apart  from  electric  precipitation, 
which  involved  very  bulky  appliances  and  was  very  expensive,  the 
only  effective  system  seemed  to  be  wet  washing.  Dry  cleaning 
only  lessened  the  nuisance,  without  curing  it.  Wet  washing  intro- 
duced corrosion  troubles,  but  water  spraying  into  brick-lined 
chimneys  offered  a  reasonable  solution  of  the  problem.  It  resulted 
in  an  ash  slurry  not  very  nice  to  deal  with,  but  quite  capable  of 
treatment  in  a  properly  designed  plant. 

He  had  started  his  first  plant  with  centralised  grinding  and  creeper 
conveyors.  Then,  in  the  belief  that  the  central  pulverising  plant 
might  be  called  upon  to  deliver  pulverised  coal  for  various  uses 
away  from  the  boiler  plant,  the  Fuller  Kinyon  system  of  air  trans- 
port was  adopted  in  spite  of  its  higher  operating  cost.  In  the  most 
recent  plant,  now  under  construction,  he  had  reverted  to  creepers 
for  such  short  distances  as  cross-connections  required,  but  the  mills 
were  placed  close  to  the  boilers.  Each  boiler  had  its  own  mill  and 
bin,  but  any  pin  could  feed  any  boiler.  Even  the  longest  lengths 
of  screw  conveyors  likely  to  be  used  in  large  power  stations  worked 
satisfactorily. 

As  regards  combustion  chamber  design,  he  had  progressively  used 
less  refractory  surface  and  more  metal  surface  exposed  to  radiant 
heat  in  the  combustion  chamber.  Early  fears  that  with  a  poor 
class  of  fuels  a  sufficiently  high  combustion  chamber  temperature 
could  only  be  maintained  by  the  presence  of  refractories  proved 
groundless.  The  advantages  of  having  aU  four  sides  of  the  com- 
bustion chamber  presenting  useful  métal  tube  heat-transferring 
surfaces  to  the  radiant  heat  were  now  too  well  recognised  to  need 
emphasis.  This  construction  might  look  expensive,  but  it  was  not 
so  if  calculated  on  the  actual  heat  transfer  basis,  for  such  exposed 
surfaces  were  extremely  effective  heat-absorbers. 

Mr.  J.  Burns  (Great  Britain),  referring  to  Dr.  Ramzin's  paper, 
said  this  covered  a  great  variety  of  conditions  in  Russia.  The  main 
point  he  wished  to  make  clear  was  that  the  Atritor  mill,  which  was 
experimented  with  by  Dr.  Ramzin  in  Moscow,  was  of  early  1924 
type;  this  was  very  early  history  in  the  life  of  that  mill,  and  as  a 
matter  of  fact  both  the  mill  and  the  burners  described  on 
page  448  were  supplied  to  deal  with  bituminous  coal  only.  At 
the  present  time  those  concerned  would  not  think  of  supplying 
either  this  mill  or  burner  to  deal  with  anthracite  culm.  Dr.  Ramzin 
also  mentioned  the  difficulties  experienced  in  the  replacement  of 
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wearing  parts.  That  was  a  question  which  had  been  dealt  with 
satisfactorily,  however.  It  might  also  be  worth  mentioning  that 
the  Atritor  mill  in  this  country  and  the  Atrita  mill  in  the  United 
States  were  being  developed  on  parallel  lines,  so  that  the  suggestion 
in  the  paper  that  the  United  States  modifications  should  be  adopted 
had  been  given  effect  to,  because  they  were  one  and  the  same  piece 
of  apparatus.  The  Kashira  mill  mentioned  later  on  in  the  paper 
was  of  a  later  date  and  consequently  showed  a  lower  power  con- 
sumption. The  actual  present  day  consumption  would  be  15  kWb. 
per  ton  instead  of  the  figure  mentioned  in  the  paper. 

With  regard  to  paper  M3  by  Mr.  Rosencrants,  it  was  stated  on 
page  325  that  small  boilers  should  be  equipped  with  stokers  and  large 
boilers  with  pulverised  fuel,  but  on  page  353  it  was  stated  that  for 
small  boiler  units  the  pulverised  fuel  field  was  conceded  without 
argument.  He  would  like  to  know  why  there  was  that  apparent 
discrepancy.  It  could  be  explained  in  various  ways,  but  the  ex- 
planation was  not  apparent  on  the  face  of  it.  He  disagreed  entirely, 
however,  with  the  remark  that  small  boilers  were  not  suitable  for 
pulverised  fuel  firing,  for  the  reason  that  he  himeslf  had  dealt  with 
many  boilers  down  to  a  very  small  water-tube  boiler  of  800  sq.  ft. 
heating  surface,  and  had  obtained  efficiency  figures  which  probably 
would  not  be  believed  if  they  were  not  substantiated.  The  fact 
was  that  by  the  use  of  pulverised  fuel  on  these  smaU  boilers  a  higher 
efficiency  could  be  obtained  than  from  practically  any  other  form  of 
firing. 

As  a  power  station  engineer  he  was  much  intrigued  by  the  bin 
system,  because  in  power  station  working  there  must  be  a  certain 
insurance  against  breakdown;  but  there  were  other  methods  of 
getting  that  safeguard.  Users  of  the  direct  fired  system  had  not  only 
had  reliable  working,  but  the  efficiencies  obtained  had  been  extra- 
ordinarily high.  Most  coal  required  to  be  dried,  and  the  strongest 
advocate  of  the  bin  and  feeder  system  would  feel  enormously 
relieved  if  he  could  do  away  with  the  dr3^er.  In  the  early  days  of 
pulverised  fuel  it  was  thought  that  the  coal  must  be  dried  down  to 
about  1  per  cent.,  but  bin  and  feeder  system  engineers  claimed  that 
they  could  deal  with  coal  up  to  5  per  cent.,  and  he  believed  it  had 
recently  been  claimed  that  the  bin  and  feeder  system  could  deal 
with  coal  containing  8  per  cent,  of  moisture.  This  showed  clearly 
enough  that  the  dryer  would  be  dispensed  with  without  any  fears. 
In  a  unit  mill  of  the  air-swept  type  the  drying  was  remarkably 
facilitated  because  the  coal  was  split  up  into  a  very  minute  state 
of  division.  It  was  then  exposed  to  the  hot  atmosphere  in  the  casing 
of  the  mill,  and  fuels  with  16  per  cent,  of  moisture  had  been  reduced 
to  about  4  per  cent,  with  no  other  heat  than  that  obtained  from 
the  cavity  walls  of  the  combustion  chamber. 

Mr.  Henry  C.  Jenkins  (Great  Britain)  said  that  he  spoke  from  the 
independent  and  more  or  less  critical  standpoint  of  the  consulting 
engineer.  About  two  years  ago  he  had  examined  very  carefully  the 
merits,  and,  of  course,  any  demerits,  of  the  pulverised  fuel  systems  in 
operation,  with  a  view  to  ascertaining  a  basis  of  fact  for  a  very 
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important  prospective  user  abroad,  and  since  that  time  he  had 
maintained  a  watch  on  their  progress.  One  result  was  that  he 
could  certainl}'  agree  with  Dr.  Rosencrants  as  regards  pulverised 
coal  firing,  that  although  this  might  not  be  a  period  of  discourage- 
ment to  the  workers  in  this  field,  yet  it  was  still  certainly  a  period 
for  the  exercise  of  discretion.  A  high  standard  of  stoking  had 
already  been  set  up  by  the  various  mechanical  grates,  and  although 
the  skilled  scientific  hand  stoker,  the  man  who  at  one  time  under- 
took the  trial  runs,  might  at  times  make  adverse  comment,  j-et  it 
was  this  standard  that  must  be  reached  before  the  pulverised  coal 
practice  could  be  said  to  be  stabilised.  The  greater  power,  for 
instance,  of  the  chain  grate  to  lie  with  banked  fires  waiting  for  an 
expected  peak  load  on  the  station,  was  given  to  him  as  the  reason 
at  one  place  for  a  reversion  to  chain  grates  for  some  of  the  furnaces 
at  a  well-designed  station  for  its  date  where  a  pulverised  coal  plant 
was  not  onl}'  receiving  fair  usage  but  a  sympathetic  trial  on  a  con- 
siderable scale.  In  this  case,  the  time  necessary  for  bringing  the 
boiler  in  on  emergency  was  the  point  of  difficulty.  Two  years  ago 
there  was  some  difficulty  in  reconciling  the  estimated  costs  of 
maintenance  of  the  plant,  either  with  what  one's  own  experience 
in  other  fields  would  suggest,  or  with  what  the  very  guarded 
users  appeared  to  be  finding;  a  factor  or  coefficient  of  about 
three  being  in  some  cases  necessary  to  apply  for  the  purpose, 
although  he  was  dealing  with  pence  rather  than  the  shillings  per 
ton  that  Dr.  Rosencrants  quoted  for  some  particularly  troublesome 
furnace  walls. 

Perhaps  the  matter  that  most  arrested  attention  to-day  was  the  large 
demand  now  made  for  space  in  the  boiler  department,  by  most  of 
the  recent  designs  for  pulverised  coal  plant;  a  demand  not  only 
for  floor  area  but  also  for  height.  Separating  out  the  respective 
sections  into  which  space  for  the  boiler  plant  could  be  divided,  there 
was  (a)  that  necessary  for  the  preparation  and  emergency'  storage 
of  the  pulverised  fuel,  [b)  the  burner  and  combustion  space,  (c)  the 
boiler  proper  or  tube  spaces,  water  and  steam  drums,  and  {d)  the  flues 
and  stack;  and  taking  items  (c)  and  {d)  as  constant  or  nearly  so,  it 
could  easilv  be  seen  that  whilst  item  (a)  was  one  over  which  much 
elasticity  was  possible,  the  increases  under  item  {h)  were  from  their 
very  nature  those  that  would  involve  the  more  serious  expense, 
whether  in  first  cost  of  installation  or  in  maintenance,  and  this 
particularlv  where  the  increases  in  space  required  were  due  to  an 
increased  total  height  of  a  given  boiler. 

The  question  arose  as  to  whether  there  was  not  some  way  by 
which  to  avoid  the  difficulty.  As  engineers,  they  desired  as  perfect 
a  combustion  as  was  possible;  but  whilst  on  the  one  hand  it  was 
not  possible  to  take  the  relative  position  of  astronomers  gazing 
through  space  at  nebulae,  a  water  wall  on  the  other  hand  was  hardly 
the  proper  boundary  to  a  flame  space.  In  recent  years  the  use  of  hot 
solid  surfaces  as  catalytic  agencies  by  which  to  secure  good  com- 
bustion had  been  made  so  familiar,  that  the  question  arose,  why 
not  make  more  use  of  the  surfaces  of  the  coal  and  ash  particles  in  a 
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smaller  chamber,  particularly  if  the  final  fusion  of  the  particles  was 
of  no  consequence? 

Recently,  he  had  had  the  Duffield  Gyro-furnace  brought  under 
his  notice,  where  it  was  evident  that  at  least  one  successful  attempt 
to  do  this  had  been  made  and  the  water  wall  avoided;  perhaps  the 
fact  that  the  early  complete  trials  had  been  made  in  India  might 
be  the  reason  that  this  furnace  had  not  yet  attracted  more  general 
attention.  But  a  two-year  full-scale  works  test  was  already  re- 
ported, and  other  tests  indicated  a  90  per  cent,  gross  and  a  86-7 
per  cent,  net  efficiency  at  the  boiler,  and  he  heard  that  it  would  be 
very  shortly  available  for  inspection  in  this  country  when  other 
orders  in  hand  for  it  were  completed.  The  Gyro-furnace  had  only 
a  small  combustion  chamber  of  circular  or  elliptical  form,  and  the 
primary  air  and  pulverised  coal,  as  well  as  the  secondary  air,  were 
admitted  tangentially  into  this  chamber  at  the  considerable  velocity 
of  160  ft.  per  second.  The  result  was  a  vortex  of  flame  and  com- 
plete combustion,  but  without  the  exposure  of  any  of  the  brickwork 
to  direct  impact  of  the  flame;  whilst  as  much  as  10  lb.  of  pulverised 
coal  could  be  burnt  per  hour  per  cubic  foot  of  combustion  space. 
Furthermore,  the  chamber  was  also  acting  as  a  cyclone  separator, 
and  70  per  cent,  of  the  fused  ash  particles  were  at  once  caught  on  its 
wall  and,  moving  downward  in  a  viscous  condition,  were  cut  off 
and  removed  as  a  pumice  by  the  incoming  stream  of  secondary  air 
at  the  base  of  the  chamber,  thus  greatly  helping  to  reduce  the 
amount  of  loose  ash  that  ordinarih^  would  pass  into  the  tube  space. 
Leolite  linings  were  used  for  the  chambers  and  had  already  been 
reported  as  having  stood  two  years'  hard  usage  withou  trenewal. 
In  this  way,  at  least,  the  demand  for  the  large  combustion 
chamber  could  be  avoided,  and  even  the  space  necessary  for  the 
withdrawal  of  the  chain  grate  better  utilised;  and  although  they 
ought  to  be  thankful  to  only  have  a  gradual  shower  of  dust  (or 
mud)  in  place  of  a  sooty  fog,  yet  the  neighbours  of  future  large  plant 
would  doubtless  appreciate  all  that  could  be  done  to  minimise  dust. 

Mr.  B.  V.  MoKRSHANSKY  (U.S.S.R.),  remarked  that  every  time  the 
words  "pulverised  fuel"  were  mentioned,  pulverised  coal  was  meant, 
but  in  Russia,  where  peat  represented  30  per  cent,  of  the  fuel  re- 
sources of  the  land,  experiments  had  begun  with  a  view  to  turning 
peat  into  a  pulverised  state.  Up  to  now  there  had  been  no  special 
need  to  use  pulverised  peat  owing  to  the  following  circumstances: — 
(a)  The  peat  lumps  used  b}^  the  Russian  power  stations  were  generally 
of  a  high  quality  as  a  fuel.  The  peat  had  a  low  ash  content,  its 
lumps  were  strong,  and  the  proportion  of  peat  crumbs  was  small. 
{b)  Owing  to  the  progress  of  peat-burning  technique  the  boiler 
plants  were  quite  economical,  and  at  the  same  time  developed  a 
high  maximum  evaporation.  The  average  efficiency  of  the  Shatura 
power  station  during  a  month  varied  from  85  per  cent,  to  88  per 
cent.,  while  the  heat  produced  per  sq.  metre  of  the  grate  surface 
per  hour  often  reached  2-5  to  3  million  calories.  Nevertheless, 
even  now  the  inconveniences  connected  with  the  use  of  air-dried 
peat  lumps  were  felt. 
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First  of  all,  it  was  necessary  to  point  out  the  variable  moisture 
content  of  the  peat.  Averaging  about  35  per  cent,  for  the  year, 
this  moisture  on  different  days  might  vary  from  25  per  cent,  to  45 
per  cent,  or  even  48  per  cent.  With  an  increase  in  moisture  content, 
the  heat  liberation  in  furnace  had  to  be  reduced,  and  the  power  of 
the  boiler  plant  decreased.  In  working  conditions  the  change  from 
30  per  cent,  moisture  to  45  per  cent,  lowered  the  heat  liberation  in 
the  furnace  by  about  20  per  cent.  The  possibility  of  the  moist  peat 
being  supplied  to  the  boiler  put  a  limit  to  the  water  cooling  of  the 
combustion  chamber;  which  was,  generally  speaking,  necessary 
when  using  peat,  because  its  ash  and  slag  were  of  a  basic  character 
and  attacked  the  firebricks.  The  peat  bogs  in  the  south  of  Russia 
were  characterised  by  a  high  ash  content  and  low  fusing  tempera- 
ture of  the  ash,  while  the  peat  produced  crumbled  easily.  At 
present  the.  efficient  burning  of  this  peat  on  chain  grates  had  not 
been  achieved.  Finally,  a  new  method  of  production  being  de- 
veloped now  by  the  Scientific  Experimental  Institute  of  Peat  gave  a 
product  resembling  fine  peat  crumbs  containing  about  15  to  20  per 
cent,  of  fine  dust.  To  pulverise  this  peat,  and  to  bum  it  in  that 
state  seemed  the  most  logical  solution  of  the  problem  of  its  use. 

The  experiments  of  the  Scientific  Institute  of  Peat  in  Moscow  on  a 
semi-industrial  scale,  up  to  now  had  revealed  the  following  points 
regarding  the  separate  stages  of  the  process  of  peat  pulverisation  :^ — 
(a)  The  crushing  of  air-dried  peat  lumps  was  carried  out  quite 
successfully  and  without  any  complications  in  hammer  mills,  having 
a  low  power  consumption,  (b)  Artificial  drying  to  a  moisture 
content  of  15  to  20  per  cent,  as  carried  out  in  gas  drum  driers  and  in 
tubular  steam  dryers  proved  the  advantages  of  steam  drying,  while 
reveahng  a  number  of  complications  involved  in  preventing  flue 
dust  being  carried  away  from  the  dryers,  which  reached  a  high 
proportion  due  to  the  comparatively  low  initial  moisture  (up  to  45 
per  cent,  and  averaging  35  per  cent.).  The  employment  of  cyclone 
separators,  depositing  chambers  and  centrifugal  separators  of  the 
"Michaelis"  type,  did  not  give  palpable  results.  Electrostatical 
dust  catchers  were  expensive  and  dangerous.  Other  types  as  yet 
had  not  been  tested.  The  whole  installation,  according  to  latest 
data,  was  too  expensive.  Rational  schemes  of  supplying  the  plant 
with  high-pressure  steam  with  a  view  to  utilising  the  outcoming 
power  cheapened  the  drying,  but  were  not  a  solution  of  the  problem, 
(c)  Experiments  with  peat  pulverising  in  the  "Teutonia"  mills  with 
cyclone  separators  revealed  that  the  trouble  with  peat  pulverisation 
was  not  so  much  due  to  its  physical  as  to  its  chemical  properties. 
Accidental  occurrence  of  a  metallic  or  other  hard  object  in  the  mill 
was  always  accompanied  by  a  good  deal  of  sparking,  leading  to  the 
peat  catching  fire  in  the  cyclone  separator  or  even  exploding.  In 
one  case  the  explosion  blew  off  half  the  separator  and  only  by 
accident  n'o  casualties  occurred. 

It  must  be  admitted  that  peat  pulverisation  in  mills  with  cyclone 
separators  was  dangerous  and  could  not  be  employed  unless  carried 
out  in  an  atmosphere  of  inert  gases.     Probably  the  use  of  individual 
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mills  without  large  special  separators  and  with  a  short  duct  leading 
to  the  furnace  would  give  best  results. 

The  storing  of  pulverised  peat  in  bunkers  presented  no  difftculties 
as  regards  the  increase  in  moisture  and  dangers  of  spontaneous 
ignition.  The  conveying  of  pulverised  peat  in  accordance  with  the 
Kinyon  system  when  the  moisture  was  about  15  to  18  per  cent.,  was 
carried  out  quite  successfully  provided  the  size  of  the  grains  was  not 
smaller  than  the  size  leaving  40  per  cent,  on  a  100  sieve. 

The  burning  of  peat  in  a  furnace  with  air-cooled  walls  and  vertical 
burner  under  a  boiler  with  150  square  metres  of  surface  showed 
that  comparatively  coarse  peat  could  be  employed — 60  per  cent, 
through  a  100  sieve— and  at  the  same  time  with  a  moisture  content 
of  from  10  to  26  per  cent.  Working  with  higher  moisture  content  was 
not  tried.  Further  work  on  peat  pulverisation,  at  first  on  a 
semi-industrial  scale,  would  be  carried  out. 

Mr.  H.  J.  S.  Mackay  (Great  Britain)  said  that  to  those  who  had 
the  development  of  pulverised  fuel  firing  sincerely  at  heart,  a  paper 
like  Mr.  Rosencrants'  was  welcome,  but  it  went  little  further  than 
the  author's  paper  read  earlier  in  the  year,  which  had  been  so 
extensively  advertised  by  his  firm.  To  the  uninitiated,  it  read  like 
an  impartial  summing  up  of  the  whole  question  of  pulverised  fuel 
firing.  In  effect,  however,  it  was  really  an  apology  for  the  failures 
brought  about  by  endeavouring  to  apply  American  methods  to  suit 
English  conditions.  For  a  quarter  of  a  century  we,  who  had  been 
responsible  for  the  design  of  furnace  to  consume  English  coal,  had 
been  fully  aware  of  the  characteristic  difference  between  American 
and  English  coal.  Our  knowledge  and  experience  had  to  some 
extent  coloured  our  views,  when  the  American  pulverising  invasion 
occurred  some  four  years  ago. 

The  author  drew  adverse  conclusions,  said  Mr.  Mackay,  against 
direct  firing.  Whilst  he  personally  was  prepared  fully  to  recognise 
the  abihtv  which  Mr.  Rosencrants  had  given  to  this  subject,  yet  he 
could  not  accept  him  as  the  final  authority.  We  knew  that  the 
pressure  parts  of  steam  boilers  were  subject  to  inflexible  rules  of 
construction.  The  design  was  either  right  or  wrong — no  com- 
promise was  possible.  The  same  held  good  as  regards  combustion, 
and  more  especially  as  regards  pulverised  fuel  firing.  An  air  of 
mystery  had  been  created,  but  there  was  nothing  mysterious  what- 
ever about  it.  Starting  from  wrong  premises,  the  so-called  central 
system  was  wrongly  adopted,  and  had  been  consistently  perpetu- 
ated; but,  according  to  the  author's  showing,  it  was  being  made  the 
subject  of  a  compromise,  and  called  a  bin  and  feeder  system. 
Those  who,  like  the  author,  had  had  unsatisfactory  experience  of 
the  central  system,  and  had  no  illusions  on  the  subject,  when 
they  were  forced  into  manufacturing  and  installing  a  system  which 
was  to  be  known  as  the  Babcock,  decided  that  it  was  essential  that 
such  a  system  should  not  be  a  compromise,  but  clean  cut  and  correct 
from  the  beginning.  They  chose  direct  firing,  and  dispersive  short 
flame  burners — the  Bailey  wall  construction  of  combustion  chambers 
— improved   Ball   Mill   pulverisers — and   introduced   a   completely 
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new  design.  He  could  take  issue  with  the  author,  and  proclaim 
that  the  system  which  he  decried  had  been  established  successfully 
and  was  operating  successfully;  and  he  ventured  to  call  this  a 
modern  system,  far  beyond  what  the  author  described  as  being  in 
the  proposition  stage  on  the  drawing  board. 

Time  did  not  permit  him  to  enter  into  detail,  but  at  a  Fuel  Con- 
ference, like  this,  it  might  be  well  briefly  to  touch  upon  the  economies 
to  be  derived  from  this  method  of  firing,  and  enquire  if  from  a 
national  point  of  view,  there  could  be  any  great  conservation  of 
British  fuel,  due  to  its  adoption.  He  was  afraid,  however,  that  in 
this  connection  assumed  figures  did  not  show  much  coal  conserva- 
tion. Taking  Mr.  Archibald  Page's  figures,  which  the  author 
quoted,  as  eight  million  tons  being  used  in  electric  power  stations, 
and  fifty  million  tons  in  general  manufactures,  with  the  pulverised 
fuel  plants  now  at  work,  it  would  appear  as  if  less  than  1  per  cent, 
of  the  above  total  cost  figures  was  being  consumed  at  present  in 
pulverised  fuel  boilers.  When  an  attempt  was  made  to  arrive  at 
general  economical  gains  from  pulverised  fuel  firing  from  these 
plants,  the  only  authentic  published  information  came  from  some 
of  the  electric  power  stations.  Taking  the  published  figures  in  the 
Electrical  Times  :  in  the  case  of  Birmingham  and  Derby,  the  coal 
costs  of  the  former  showed  an  increase  from  1926  to  1928,  of  -1 1  of  a 
penny  per  unit  generated,  and  in  the  case  of  Derby,  from  1925  to 
1928,  an  increase  on  -22  of  a  penny  in  the  cost  of  the  unit  generated. 
With  these  figures,  it  was  impossible  to  generalise  on  the  important 
national  question  of  coal  conservation,  and  some  explanation  should 
be  forthcoming  as  to  the  reason  for  such  an  alarming  increase. 
Was  it  due  to  the  type  of  plant  installed,  or  had  the  cost  of  coal  and 
labour  increased? 

The  issue,  therefore,  would  apparenth'  resolve  itself  into  the 
advantage  of  pulverised  fuel  firing  in  any  particular  plant.  In 
some  cases,  having  regard  to  the  circumstances,  it  could  be  adopted 
at  once,  i.e.,  knowing  the  coal,  the  load  factor  and  the  conditions, 
a  definite  efficiency  figure  could  be  arrived  at.  Its  choice  was  not 
prohibited  by  the  low  fusing  point  of  ash.  That,  in  his  considered 
opinion,  could  be  entirely  overcome  bv  the  adoption  of  the  slag  tap 
furnace;  but  the  dust  problem  might  have  a  serious  effect  in  the 
case  of  a  station  in  a  residential  area,  and  he  could  not  visualise 
erecting  a  series  of  chimneys  in  a  large  power  station  in  the  upper 
reaches  of  the  Thames,  having  chimne^-s  from  300  to  400  ft.  high, 
simply  so  as  to  permit  the  adoption  of  pulverised  fuel  firing.  He 
thought,  however,  that  the  Davidson  Dust  Catcher  would  go  a  long 
way  to  solve  the  problem.  Grounds  for  this  belief  were  found  in 
the  researches  carried  out,  and  in  the  benefits  already  derived  from 
this  system. 

It  was  known  that  the  successful  electric  power  stations  which  had 
been  installed  in  this  country  were  due  to  the  presence  in  the  minds 
of  their  designers  of  the  knowledge  that  simplicity  and  continuity 
of  supply  were  the  ultimate  objects  of  power  station  design;  and  if 
the  same   sanity  were  exercised  in   the    application  of  pulverised 
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fuel  tiring,  satisfactory  power  stations  could  and  would  be 
installed. 

Mr.  J.  G.  TwiNBERROW  (Canada),  speaking  on  the  paper  by  Dr.  W. 
Luloffs  (M4),  said  the  author  was  to  be  congratulated  on  an  excellent 
and  masterly  exposition  of  furnace  mathematics;  but  criticised  a 
detail  of  the  design  of  the  wall,  which  mitigated  against  its  success 
at  high  rates  of  heat  liberation  in  the  furnace.  In  the  last  paragraph 
on  page  370  it  was  stated  "Between  the  tubes  the  bricks  are  piled  up, 
forming  a  gas-tight  wall  for  the  combustion  chamber  and  a  lining 
for  the  tubes,  and  which  will  stand  a  higher  temperature  than  the 
naked  tubes  can  endure."  On  page  372,  "It  has  happened  that  the 
front  part  of  the  brick  was  eaten  away  by  the  flame,"  and  also 
"bare  tubes  are  placed  in  front  of  this  wall  at  the  same  pitch  as  the 
tubes  inside  the  wall,  but  placed  half-way  between  them,  so  shield- 
ing the  front  of  the  brick  which  is  cooled  the  least."  In  other 
words,  what  was  admitted  on  page  370  as  poor  construction  was 
adopted  on  page  372,  because  the  heat  transmission  through  the 
refractory  was  not  enough  for  higher  duties.  Why?  Because  a 
fundamental  of  physics  had  evidently  been  overlooked;  that  is, 
when  two  conductors  of  heat  are  in  series  the  junction  between  Ihem 
must  be  perfect,  it  must  approximate  to  an  electrical  connection; 
and  in  the  design  shown  there  was  no  attempt  made  at  intimate 
contact  between  refractory  and  tube.  He  did  not  mean  to  say  that 
this  construction  was  no  good,  not  by  any  means — but  this  poor 
contact  reduced  the  upper  limit  of  heat  liberation  at  which  this 
furnace  construction  would  operate  satisfactorily,  and  daily  a 
greater  range  between  minimum  and  maximum  limit  was  being 
demanded  by  power  plant  engineers. 

In  a  description  of  the  Calumet  boilers  in  Eugincerir.g  for  September 
28,  1928,  on  page  389,  it  was  stated  "Another  striking  advantage 
of  the  new  plant  is  the  ease  with  which  it  can  be  started  up  from 
cold;  this  operation  takes  but  thirty  minutes.  The  present  practice 
is  to  shut  down  daily  at  10.30  p.m.  The  boiler  is  started  up  again 
at  7  a.m.,  and  in  less  than  ten  minutes  it  is  delivering  at  the  rate 
of  100,000  lb.  of  steam  per  hour  .  .  at  maximum  output  as  much 
as  33,700  B.Th.U.  are  generated  per  cu.  ft.  .  .  ."  This  was  a 
pretty  good  test  for  the  furnace  construction,  and  in  January  last 
he  was  advised  that  the  maintenance  costs  on  the  Bailey  walls  were 
zero  after  seven  months'  operation. 

The  furnace  conditions  in  the  modern  plant  were  severe;  the 
following  were  a  few  examples  he  had  investigated  during  the  year. 
With  the  Bailey  slag  tap  or  well-type  furnaces  at  Buffalo,  N.Y., 
these  boilers  could  be  brought  on  the  line  from  a  cold  furnace  in  from 
35  to  40  minutes.  If  a  boiler  was  shut  down  at  9  p.m.  on  one  day 
it  could  be  brought  on  the  line  in  from  4  to  6  minutes  at  8  a.m. 
the  next  day,  and  in  six  minutes  after  going  on  the  line  it  could 
be  operating  at  500  per  cent,  rating  at  a  hberation  of  over  40,000 
B.Th.U./cu.    ft.     Maintenance    costs   were   negligible. 

All  water  wall  installations  on  the  Pacific  coast  were  of  Bailey 
construction.     At  the  Southern  Californian  Edison  "Long  Beach" 
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No.  2  plant  there  were  seven  1,500-H.P.  Connely  boilers  with 
Bailey  furnaces  fired  with  gas  or  oil,  which  were  subject  to  very 
severe  conditions.  It  was  a  common  occurrence  that  a  considerable 
portion  of  the  load  had  suddenly  to  be  dropped.  The  burners  were 
withdrawn  from  service,  but  the  fans  kept  on  discharging  cold  air 
into  the  furnace  through  these  burners;  again,  maintenance  costs 
were  negligible,  being  limited  to  some  rolling  of  tubes  in  the  headers 
and  the  replacement  of  a  few  hand-hole  gaskets. 

At  the  Richmond  Philadelphia  station  there  were  twelve  stoker- 
fired  Stirling  boilers,  all  with  Bailey  furnaces,  working  under  severe 
conditions,  having  been  put  into  service  between  November,  1 925,  and 
May,  1926.  Owing  to  a  suit  of  overalls,  or  some  foreign  body  being 
left  in  a  wall  header,  some  blocks  had  to  be  replaced  on  one  boiler 
and  the  operators  had  bought  a  total  of  seventy-two  blocks  for  this 
repair  and  for  stock.  The  value  of  the  replace-blocks  was  £7,  and 
as  there  was  a  total  of  25,656  blocks  installed  in  the  plant  the 
repacements  represented  -076  per  cent,  of  the  total — a  very  low 
maintenance  cost  for  over  a  year  and  a  half  normal  operation. 

There  were  some  severe  conditions  encountered  during  a  recent 
tour  through  the  States  which  had  been  successfully  overcome — 
of  necessity,  at  a  price — good  water-cooled  furnaces  incorporating 
a  sufficient  factor  of  safety  were  expensive — more  expensive  than 
the  boiler  perhaps — but  whv  not?  The  turbine  was  more  expensive 
than  the  generator,  and  both  had  their  factor  of  safety. 

Mr.  E.  Kilburn  Scott  (Great  Britain)  said  that  in  grinding  mills, 
the  fineness  of  product  was  automatically  maintained  because  the 
grinding  surfaces  remained  in  contact  as  they  wore  down.  With 
beater  and  peg  types  of  pulverisers,  however,  the  case  was  different, 
because  after  a  certain  amount  of  use  the  beaters  became  worn, 
and  the  degree  of  fineness  of  grinding  could  not  be  maintained 
unless  the  beaters  or  pegs  were  often  renewed.  This  meant  stop- 
ping and  opening  out  the  machine.  To  overcome  the  difficulty 
with  beater  pulverisers,  he  suggested  that  the  barrel  of  the  machine 
be  made  conical  instead  of  parallel,  and  the  shaft  carrying  the 
beaters  be  moved  endwise,  so  as  to  bring  the  beaters,  as  they  became 
worn,  closer  to  the  barrel. 

Another  difficulty  was  to  divide  equally  the  supply  of  pulverised 
fuel  and  air  into  several  pipes  or  flues.  It  was  difficult  with  a  Y 
arrangement,  as  in  Lancashire  boilers;  but  the  three-direction  pipe 
for  a  Scotch  marine  boiler  was  far  worse.  The  trouble  might  be 
overcome  by  having  a  motor  driven  blower  injecting  air  into  the 
various  pipes,  and  so  adjusting  each  injector  as  to  maintain  equal 
flow  in  each  pipe. 

In  the  Wood  boiler  at  the  works  of  Taylor  Bros.  Ltd.,  of  Trafford 
Park,  powdered  coal  and  carrying  air  was  successfully  distributed 
from  a  single  source  through  two  sets  of  four  pipes  each.  Coal  was 
supplied  to  a  cyclone,  at  the  top  of  the  boiler,  and  led  from  it  to 
each  of  the  four  corners  of  the  combustion  chamber.  The  coal 
and  carrying  air  swirled  round  the  inside  of  the  cyclone  and  the 
eight  branch  pipes  led  off  from  it,  tangentially.     With  the  Wood 
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steam  generator  there  was  at  first  some  trouble  in  getting  the  coal 
to  divide  equally  through  eight  pipes,  but  this  had  been  overcome 
by  adopting  the  cyclone  distributor  above  mentioned. 

Another  point  worth  mentioning,  was  that  the  feeding  of  coal  and 
air  intermittently  should  have  the  effect  of  giving  greater  turbulence 
and  also  help  to  remove  some  of  the  dead  layer  of  gas  that  formed 
on  the  surfaces  of  the  boiler  tubes. 

Prof.  G.  I.  Fixch  (Great  Britain),  referring  to  the  removal  of  ash 
from  the  flue  gases  of  pulverised  fuel  installations,  expressed  the 
view  that  pulverised  fuel  units  would  not  be  possible  in  this  country, 
at  any  rate  in  the  neighbourhood  of  large  towns.  A  few  weeks  ago 
he  had  had  occasion  to  visit  a  pulverised  fuel  plant,  and  the  chemist 
there  had  told  him  that  the  pulverised  coal  which  was  being  burned 
contained  a  certain  percentage  of  ash.  About  half  an  hour  later  he 
watched  one  of  these  furnaces  in  operation  and  asked  the  foreman 
how  much  ash  the  coal  contained.  The  foreman  looked  at  him  with 
astonishment  and  said  it  had  not  got  any!  As  a  matter  of  fact,  the 
ash  that  was  originally  in  the  coal  had  gone  up  the  flue  and  had 
been  spread  out  over  the  country  side.  It  was  the  fact  that  even  in 
the  most  satisfactory  plants  anything  from  5  to  20  per  cent,  of  the 
ash  originally  in  the  coal  was  not  trapped  but  escaped  into  the 
atmosphere,  and  that  in  his  opinion  was  far  too  much.  Methods 
available  for  removing  the  ash  were  dry  cleaning,  washing  out  with 
water  or  electrostatic  removal.  He  did  not  favour  either  of  the  first 
two;  the  only  hope  he  saw  for  solving  the  problem  was  to  adopt 
electrostatic  dust  deposition,  although  that  involved  a  rather  costly 
installation. 

Prof.  L.  K.  Ramzin  (U.S.S.R.)  said  that  the  results  of  the  experi- 
ments with  the  combustion  of  pulverised  anthracite  culms  carried 
out  by  the  Thermo-technical  Institute  at  the  Shterov  station  were 
mentioned  in  his  paper  M7.  He  was  now  in  the  position  to  give 
the  main  data  obtained  during  the  seven  months  of  regular  exploita- 
tion of  the  station.  The  results  on  the  whole  corresponded  to  those 
previously  obtained  in  their  experiments.  The  average  efficiency 
of  the  plant  during  seven  months  was  about  76-5  per  cent.,  with 
the  average  monthly  maximum  efficiency  about  79-5  per  cent.  This 
comparativelv  low  efficiency  was  due  to  the  coal,  which  was  in- 
sufficientlv  fine.  The  remainder  on  a  6,400  mesh  sieve  (No.  200) 
was  about  33  per  cent.;  the  residue  on  a  sieve  with  900  meshes  per 
sq.  cm.  (No.  65)  being  about  1  -5  per  cent. 

The  capacity  of  the  Hardinge  mill  during  these  experiments  when 
working  with  anthracite  coals  was  about  6  tons  per  hour,  as  com- 
pared with  the  capacity  of  9- 1 0  tons  per  hour  when  soft  bituminous 
coal  was  used. 

The  wear  and  tear  of  the  balls  of  the  mill  worked  out  at  about  400 
grammes  per  ton  of  anthracite;  the  miU  had  an  energy  consumption 
of  22-5  k\Vh.  per  ton.  The  total  consumption  of  energy  by  the 
fuel  pulverising  plant  was  about  32.5  kWh.  per  ton;  of  these, 
7  kWh.  per  ton  were  required  for  mechanical  and  pneumatic  trans- 
mission of  the  pulverised  fuel. 
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The  Huillard  type  dryer  involved  a  considerable  loss  of  fuel — 
about  8  per  cent,  of  the  total  quantity  of  anthracite,  due  to  the 
escape  of  particles  with  the  flue  gases.  The  furnace,  without  water 
screens,  was  worked  with  the  average  load  of  80,000  calories  per 
cu.  metre  per  hour,  with  14-5  per  cent,  of  CO2  in  the  flue  gases. 

Although  there  were  several  small  defects  still  to  be  remedied,  they 
could  state  that  the  Russian  engineers  had  completely  solved  the 
difficult  problem  of  pulverised  anthracite  culm  combustion.  As 
a  result  of  the  experience  gained  at  the  Shterov  station,  they  now 
had  all  the  necessary  data  for  designing  and  erecting  large  power 
electric  stations,  working  on  pulverised  anthracite  culms. 

As  time  was  limited,  Prof.  Ramzin  said  that  he  would  draw  atten- 
tion to  the  most  important  problems  only;  those  relating  to  the 
combustion  of  pulverised  fuel.  It  had  been  pointed  out  by  his 
paper,  also  in  papers  of  other  writers,  that  the  most  vulnerable 
point  of  the  pulverised  fuel  plant  was  in  connection  with  the  dryer; 
the  latter  complicated  the  installation,  made  it  more  expensive,  and 
reduced  the  economy  of  the  plant,  due  to  the  over-consumption 
of  heat  for  drying  moisture — about  400-1,000  calories  per  kg.  of 
moisture — and  due  also  to  the  loss  of  fuel  in  dust,  amounting  to 
2-5  per  cent,  and  even  more. 

It  was  necessary,  therefore,  to  eliminate  first  of  all  the  separate 
dryer  and  to  discover  means  of  carrying  out  the  process  of  drying 
the  fuel  in  the  mill  itself.  As  regards  the  bituminous  coal,  which 
seldom  contained  more  than  15  per  cent,  of  moisture,  this  problem 
could  be  considered  as  solved,  because  nearly  all  mills  of  existing 
types  could  grind  such  coals,  using  hot  air.  How  to  deal  with 
brown  coals  containing  a  high  percentage  of  moisture  was  a  far 
more  difficult  question.  In  order  to  achieve  good  grinding  and  to 
reduce  the  consumption  of  energy,  it  was  necessary  to  remove  from 
such  coals  a  large  quantity  of  moisture.  This  required  the  applica- 
tion of  air  and  gases  of  very  high  temperatures,  but  if  such  were  led 
through  the  mill  there  was  always  the  risk  of  fuel  dust  self-igniting 
and  exploding  inside  the  mill.  The  Thermo-technical  Institute 
was  now  engaged  in  carrying  out  several  experiments  in  connection 
with  the  design  of  large  electric  power  stations  for  work  on  sub- 
Moscow  brown  coal,  with  a  content  of  combined  moisture  amounting 
to  about  8  per  cent,  and  with  the  total  moisture  content  of  30-35 
per  cent.     Important  results  had  been  achieved  already. 

To  begin  with,  they  had  verified  the  safety  temperatures  for 
heating  coal.  It  had  been  found  that  in  the  presence  of  a  current 
of  air  oxidation  proceeded  very  rapidly.  Indeed,  the  thermal 
decomposition  of  coal  began  at  120^C.,  and  at  about  170^C. 
ignition  occurred.  But  when  sub-Moscow  coal  had  been  treated 
with  neutral  gases,  the  temperature  of  decomposition  increased 
up  to  200°C.  and  there  was,  of  course,  no  sign  of  ignition.  Generally 
speaking,  the  temperature  of  ignition  rapidly  increased  as  the 
oxygen  content  in  the  coal  ventilating  gases  decreased.  The  most 
simple  and  accessible  method  for  drying  in  the  mill  itself  coal  with 
a  very  high  content  of  moisture,  should,  in  the  speaker's  opinion, 
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consist  of  ventilating  the  mill  with  flue  gases  having  a  low  content 
of  oxygen,  otherwise  the  passing  of  hot  air  through  the  mill  would 
always  create  the  risk  of  ignition  and  explosion.  Flue  gases  could 
be  taken  from  the  boiler  plant  at  any  suitable  point,  but  some 
additional  measures  should  be  applied  for  removing  residual  oxygen 
from  such  gases.  Under  the  above  conditions,  the  temperature  of 
gases  could  be  raised  considerably,  up  to  500-700^C.,  and  coal 
containing  a  high  percentage  of  moisture  could  be  ground  without 
preliminary  drying  in  the  special  dryers.  Using  the  direct-hred 
svstem,  the  decomposition  of  coal  was  not  dangerous,  because  the 
products  of  decomposition  would  go  into  the  furnace  and  burn  there. 

The  tests  they  had  carried  out  at  the  experimental  station  of  the 
Thermo-technical  Institute  had  proved  that  the  Atritor  mill  (Messrs. 
Alfred  Herbert)  could  grind  successfully,  for  instance,  sub-Moscow 
coals  containing  as  much  as  30-35  per  cent,  moisture;  that  is,  free 
moisture  content  about  22-25  per  cent.;  the  work  being  done  with 
hot  gases  entering  the  mill  at  a  temperature  of  about  160-180°C. 

A  series  of  comparative  tests  with  moisture  varied  from  8  to  33  per 
cent,  had  shown  that,  provided  the  mill  was  ventilated  with  hot 
gases,  the  fineness  of  grinding  remained  very  good;  the' consumption 
of  energy  with  the  increase  of  moisture  content  from  10-30  per  cent, 
was  increased  by  0-33  kWh. /ton  for  each  per  cent,  moisture. 

Their  experiments  had  not  confirmed,  even  in  the  slightest  degree, 
Mr.  Renkin's  apprehensions  about  agglomeration  of  particles  in  the 
furnace,  when  the  moisture  content  was  increased. 

They  had  carried  out  parallel  tests  with  anthracite,  the  moisture 
content  of  which  ranged  from  1-12  per  cent,  and  with  sub-Moscow 
coals  of  different  moistures,  from  8  up  to  33  per  cent.  These  tests 
had  not  disclosed  any  essential  differences  with  regard  to  the  com- 
pleteness of  combustion  of  dry  and  wet  coals,  because  CO,,  as  well 
as  losses  through  mechanical  incompleteness  of  combustion  were 
nearly  the  same  for  dry  and  wet  coals,  provided  that  the  furnaces 
were  operated  at  the  same  rate  of  heat  liberation. 

Professor  Ramzin  said  that  his  general  conclusion  was  as  follows: 
As  a  rule,  the  modern  pulverised  fuel  plant  should  not  be  provided 
with  a  separate  dryer;  the  drying  process  ought  to  be  carried  out 
in  the  mill  itself.  Under  Russian  conditions,  the  elimination  of  the 
dryer  decreased  the  working  costs  of  pulverising  by  one  rouble 
twenty  kopeks,  or  60  cents  per  ton  of  pulverised  fuel.  The  problem  of 
combustion  of  pulverised  bituminous  coals  had  been  already  solved. 
For  coals  containing  a  very  high  percentage  of  moisture,  the  pro- 
blem could  be  solved,  and  deserved  much  attention. 

The  next  fundamental  question  was  the  selection  of  the  system  to 
be  used;  either  the  central  system  (bin  and  feeder  system)  or  the 
imit  type  (direct  fired  system).  Here  it  was  necessarv  to  emphasise 
first  of  all  that  the  solution  of  the  question  did  not  depend  on  the 
thermal  efficiency  of  the  systems,  because  the  difference  in  this 
respect  was  negligible.  It  could  not  be  denied,  of  course,  that  the 
central  system  had  the  advantage  of  more  convenient  regulation; 
but  the  difference  in  the  boiler  efficiency  obtained  did  not  exceed 
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0-5  to  1  per  cent,  in  favour  of  the  central  system.  Even  with  expen- 
sive coal  this  gave  an  insignificant  gain  in  the  working  costs;  this 
gain  was  wholly  counterbalanced  by  the  unavoidable  waste  of  fuel 
through  leakage  and  loss  of  fuel  with  dust  from  mill  cyclones,  and 
bins  in  the  central  system.  The  initial  cost  of  the  installation, 
including  interest  on  capital  and  depreciation,  was  a  question  of 
primary  importance  for  countries  like  the  U.S.S.R.,  where  equip- 
ment and  capital  were  expensive. 

Under  Russian  conditions,  and  using  the  average  bituminous  coal, 
the  speaker  had  obtained  the  following  figures,  which  were  based 
on  many  designs  of  plants  and  different  calculations.  He  said  that 
he  most  point  out  that  in  conformity  with  the  load  characteristics 
of  the  electric  stations  he  took  into  account  the  fact  that  the  output 
of  a  central  system  could  be  less  than  that  of  a  unit  system,  and 
the  efficiency  1  per  cent,  higher  as  compared  with  a  unit  system. 


Initial  cost,  roubles  per  ton  hour 

With 
Central 
system. 
16,000 

dryers. 
Unit 
system. 
11,500     .. 

Without  dryers. 
Central            Unit 
system.         system. 
.       12,500             8,000 

Comparative  cost  of  pulverising 
per  ton,  kopeks 

264 

■       243 

168 

97 

If  the  cost  of  the  mill  was  the  same,  the  cost  of  the  central  system 
appeared  to  be  approximateh^  50  per  cent,  higher  than  that  of  a 
unit  system,  even  for  the  plant  without  a  dryer;  this  was  due  to 
extra  expenses  involved  on  buildings,  transport  of  pulverised  fuel, 
bins,  feeders,  etc. 

The  above  figures  showed  clearly  that  the  central  systems  in  their 
old  forms  with  a  dryer  could  not  compete  successfully  with  the  unit 
systems,  as  they  nearly  trebled  the  cost  of  pulverising  the  fuel. 
But  even  with  a  separate  dryer  the  central  system  increased  the 
working  costs  considerably,  as  compared  with  the  unit  system. 
That  was  why,  under  Russian  conditions,  Professor  Ramzin  was  in 
favour  of  the  unit  system.  The  central  system  could  be  applied 
only  when  its  construction  was  simplified  and  the  cost  was  reduced, 
or  when  the  station  worked  with  an  unusually  low  load  factor. 

The  unit  svstem  was  generally  criticised  on  account  of  the  defects 
inherent  in  the  high  speed  impact  type  mill.  But,  of  course,  this 
criticism  was  not  correct,  because  there  was  no  necessity  for  the 
unit  system  to  work  with  this  particular  type  of  mill;  it  could  be 
equipped  with  any  other  type  of  mill.  Therefore,  he  did  not  agree 
with  the  conclusions  arrived  at  by  other  writers  as  regards  the 
advantages  of  the  central  system,  and  believed  in  a  great  future  for 
the  unit  system. 

Professor  Ramzin  proceeded  to  compare  the  advantages  of  the 
pulverised  plant  and  the  mechanical  stoker.  At  any  rate,  at  the 
present  stage  of  development  of  the  pulverised  fuel  plant,  he  said 
that  it  would  be  absolutely  wrong  to  say  that  the  age  of  the  mechan- 
ical stoker  had  passed.  Mr.  Rosencrants  was  right  in  saying  that 
each  of  the  two"systems  of  fuel  combustion  had  its  own  sphere  of 
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application.  The  advantages  of  the  mechanical  stoker  or  pulver- 
ised fuel  plant  should  be  determined,  not  by  the  size  of  the  installa- 
tion, but  by  the  grade  and  quality  of  fuel.  For  typical  grades  of 
fuels  under  Russian  conditions,  they  had  the  following  figures, 
showing  comparative  working  costs  per  ton  of  pulverised  fuel. 
These  figures  were  calculated  by  taking  into  consideration  direct 
expenses  as  well  as  interest  on  capital  and  the  depreciation  of  the 
pulverised  fuel  plant  and  furnace.  The  figures  representing  work- 
ing costs  for  mechanical  stokers  included  also  the  cost  of  additional 
fuel  at  the  high  prices  existing  at  the  present  time  in  the  U.S.S.R., 
amounting  to  about  0-35  kopeks  per  1 ,000  calories.  All  calculations 
were  made  assuming  that  pulverised  fuel  plants  were  of  the  cheap 
types  of  the  unit  system,  without  dryers.  The  figures  were  as 
follows: — 


Initial  cost  of 

Installation 

(Roubles) 

Expenses  pre  ton 
of  fuel 
(Kopeks) 

Pulverised 
fuel  plant 

Mechanical 
stoker 

Pulverised 
fuel  plant  ' 

Mechanical 
stoker 

Peat         

Brown  coal,  low  content 
of  ash  ... 

8,000 
8,000 

4,000 
9,000 

130 
130 

1 

50 
110 

Brown    coal    with    high 

content  of  ash 
Average  caking  coal 
Anthracite  screenings    ... 

8.000 

8,000 

16,000 

6,000 
12,000 
16,000 

145 
125 
235 

140 
125 
255 

Non-caking  lean  coal    ... 
Anthracite  culm 
Ditto  0-05  Kopeks  thous. 
calories 

8,000 
16,000 

21,000 
19,000 

125 

205 

175 

1 

590 
1,050 

245 

We  could  see  from  the  above  figures  that  the  mechanical  stokers 
were  more  profitable  than  the  furnaces  for  pulverised  fuel  when 
using  peat  and  brown  coal  with  low  ash  content,  because 
the  efficiency  of  the  mechanical  stoker  being  very  high, 
the  pulverised  plant  does  not  show  any  noticeable  economy. 
The  advantages  of  the  mechanical  stoker  were  obvious  for  clean 
brown  coals  containing  very  high  percentages  of  moisture,  and 
requiring  preliminary  drying.  On  the  contrary,  when  using  non- 
caking  lean  brown  coals  and  anthracite  culms,  a  pulverised  fuel 
plant  had  all  the  advantages.  Finally,  equal  advantages  were 
obtained  from  the  two  above  systems  when  using  brown  coal  with 
a  high  content  of  ash,  which  did  not  require  pre-drying,  average 
bituminous  coal  and  anthracite  screenings.  These  figures  entirely 
supported  his  general  conclusion,  which  was  as  follows:  the  advan- 
tages of  the  pulverised  fuel  plant  were  greater  when  the  fuel  used 
contained  less  moisture  and  volatile  matter,  when  it  was  richer  in 
ash  and  also  when  the  price  of  fuel  was  higher  and  the  load  factor 
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was  greater.  Therefore,  the  pulverised  fuel  plant  was  the  most 
economical  for  combustion  of  anthracite  culms  and  non-caking  lean 
coals.  On  the  other  hand,  when  the  fuel  used  had  a  low  content 
of  ash,  high  content  of  volatile  matter,  and  contained  a  specially 
high  percentage  of  moisture,  consisting  of  big  lum.ps,  then  it  was 
more  profitable  to  have  mechanical  stokers,  as  the  initial  cost  as 
well  as  working  costs,  would  be  lower. 

After  visiting  about  eighty  pulverised  plants  in  Europe  and 
America,  and  making  many  calculations,  Professor  Ramzin 
concluded  that  the  next  problems  in  connection  with  the  combustion 
of  pulverised  fuel  might  be  summarised  as  follows: — 

(1)  Possible  reduction  of  the  initial  costs  of  the  installation,  first 
of  all  by  elimination  of  special  dryers;  and  improvement  of  tlie 
unit  system. 

(2)  Construction  of  an  improved  compact  mill,  grinding  fuel  con- 
taining a  high  percentage  of  moisture,  also  hard  coal,  with 
minimum  consumption  of  energy,  which  would  not  involve 
high  repair  costs,  and  would  demand  the  minimum  loss  of  time 
for  changing  worn  parts. 

(3)  Construction  of  improved  combustion  chambers,  in  order  to 
reduce  furnace  volume;  also  more  efficient  setting  up  of  water 
walls  and  screens  in  the  furnace. 

(4)  Construction  of  an  improved  turbulent  burner. 

(5)  Construction  of  a  special  boiler  for  pulverised  fuel. 

(6)  Construction  of  a  cheap  ash  catcher. 

Professor  Ramzin  concluded  by  saying  that  the  rapid  progress 
made  in  the  sphere  of  pulverised  fuel  combustion  confirmed  his 
belief  that  these  fundamental  questions  would  soon  be  solved  and 
would  secure  a  further  advance  in  the  application  of  pulverised  fuel. 

Mr.  F.  D.  Napier  (Great  Britain)  said  it  was  interesting  and 
perhaps  significant  to  note  that  the  first  item  on  the  points  under 
discussion  covered  the  coal  dryer.  Those  who  had  had  first  hand 
experience  with  pulverised  coal  firing  realised  that  if  it  were  possible 
to  get  really  dry  cool  coal  to  the  mill,  not  only  would  the  milling 
and  storage  difficulties  be  reduced  but  that  furnace  conditions 
would  be  improved.  Solve  the  dryer  question,  and  many  other 
difficulties  would  solve  themselves.  Mr.  Rosencrants,  in  his  inter- 
esting paper,  had  given  the  question  of  dryers  considerable  atten- 
tion, but  it  would  seem  that  owing  to  the  serious  difficulties  of  dry- 
ing it  was  necessary  to  provide  specially  designed  plants  for  dealing 
with  dust  containing  a  considerable  moisture  content,  presumably 
on  account  of  the  dryers  described  in  the  paper  not  being  able  to 
remove  more  than  a  percentage  of  the  moisture.  The  steam  dryer 
had  the  disadvantage  of  having  many  joints  and  also  requiring  a 
considerable  quantity  of  fairly  high-pressure  steam.  The  latest 
dryer  installed  at  Derby  was,  he  believed,  working  at  full  boiler 
pressure.  At  the  Dunston  distillation  plant,  a  dryer  constructed 
on  the  principle  of  a  chain  grate  stoker  had  most  effectively  dried 
slack  coals.     Modifications  would  enable  the  type  of  fuel  commonly 
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supplied  to  powdered  fuel  plants  to  be  effectively  dried.  Mr. 
Rosencrants  gave  the  reason  of  the  rapid  adoption  of  powdered  fuel 
in  this  country  as  being  due  to  a  surplus  of  washed  small  or  «-in. 
slack.  He  would  be  surprised  to  find  a  powdered  fuel  installation 
using  washed  smalls,  but  he  know  that  to  keep  some  of  the  powdered 
fuel  plants  running,  better  coal  had  to  be  made  use  of  than  was 
commonly  used  on  chain-grate  stokers.  He  had  seen  burnt  on 
stokers  fuel  which  a  fairly  modern  powdered  fuel  plant  alongside 
could  not  handle.  Some  other  reasons  must  be  looked  for  to 
explain  why  several  engineers  had  followed  each  other  in  installing 
powdered  fuel  firing.  Mr.  Rosencrants  had  very  strong  leanings 
to  the  bin  and  feeder  system  in  preference  to  the  direct  firing,  as  he 
openly  stated  in  his  paper. 

There  was  an  error  in  relation  to  the  two  boilers  installed  at  the 
North  Metropolitan  Electric  Power  Supply  Co.'s  Taylor's  Lane 
station.  In  the  first  place,  units  were  given  as  80,000  to  100,000 
lb.,  whereas  they  were  75,000  lb.,  and  were  fitted  with  two  FuUer- 
Bonnot  direct-coupled  mills  and  not  with  the  bin  and  feeder  system. 
Similarly,  the  new  plant  at  the  Liverpool  Corporation  Electric 
Supply  Works  and  at  the  Castner  Kellner  Works  were  both  direct 
fired,  although  they  were  stated  in  the  table  in  question  to  be  fired 
with  the  bin  and  feeder  system.  In  the  same  way,  there  were  some 
omissions  from  Table  IV  giving  particulars  of  the  direct-fired  systems 
in  use,  and  among  them  was  the  Newcastle  Electric  Co.'s  Dunston 
power  station  which  had  a  35,000  lb.  unit  direct  fired.  The  author 
stated  that  in  the  early  plants  the  pulverisers  were  almost  invari- 
ably grouped  together  in  a  separate  building.  This,  he  believed, 
was  largely  due  to  the  action  of  American  fire  insurance  inspectors, 
who  considered  that  such  an  arrangement  was  desirable.  As  a 
measure  of  the  insurance  company's  idea  of  what  the  risks  from  a 
fire  and  explosion  point  of  view  were,  he  had  obtained  the  following 
relative  rates: — 

1.  For  a  direct-fired  Fuller-Bonnot  mill   ...  ...  ...        1 

2.  Screen  mill  away  from  boilers  with  bin  and  feeders     ...        2 

3.  Bin  system  with  pulverisers  separated  from  boiler  house 

by  thin  screen  ...  ...  ...  ...  ...  ...        7 

4.  Air-swept  mill  close  to  boilers   ...  ...  ...  ...      20 

It  was  stated  by  Mr.  Rosencrants  that  the  maintenance  of  the 
tubular  type  mill  was  lower  than  any  other  type,  and  that  its  power 
requirements  were  not  prohibitive.  On  the  other  hand,  this  type 
of  mill  was  condemned  as  being  unable  to  handle  moist  coal,  and  as 
being  noisy.  The  Fuller-Bonnot  mill,  however,  seemed  to  answer 
all  the  requirements,  particularly  for  direct  unit  firing.  In  operation 
it  was  silent,  there  were  no  internal  bearings  and  wear  of  the  grinding 
elements  did  not  affect  the  quality  of  the  product.  Coal  up  to 
18  per  cent,  moisture  had  successfully  been  handled  for  long  periods. 
One  of  Mr.  Rosencrants'  objections  to  direct-firing  units  was  that  a 
momentary  stoppage  of  coal  would  extinguish  the  flame.  This 
was  true  on  the  high-speed  beater  type  machine,  but  the  slow-speed 
unit  machine  would  maintain  a  flame  for  a  considerable  period. 
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Another  advantage  of  the  Fuller-Bonnot  slow-speed  mill  was  that 
under  normal  circumstances  there  was  an  ample  supply  of  finely 
ground  dry  fuel  ready  for  an  immediate  start-up. 

The  Fuller-Lehigh  and  the  Raymond  mills  were  referred  to  by  the 
author,  but  while  the  former  could  be  used  for  direct  firing,  by 
coupling  it  to  a  variable  speed  motor  and  operated  at  speeds  to  suit 
the  load,  the  Raymond,  from  its  design,  must  run  up  to  such  a 
speed  as  to  hold  the  rollers  up  to  the  grinding  ring.     To  run  a  mill 
under  such   conditions   caused   trouble,   as  was   admitted  by   the 
author.     It  really  seemed  that  the  lack  of  a  suitable  mill  for  direct 
service  had  something  to  do  with  the  view  put  forward  in  favour 
of  the  bin  and  feeder  system.     The  question  of  combustion  chamber 
design  was  dealt  with,  but  the  author  had  not  described  a  still  more 
recent  form  of  construction,  one  which  in  America  was  now  more 
favourably  regarded.     In  view  of  the  high  efficiency  and  unfailing 
success  of  the  water-cooled  wall  it  would  have  added  to  the  value 
of  the  paper  if  particulars  of  the  Bailey  furnace  wall  had  been 
included   in   the   paper.     The   Bailey  furnace  wall  consisted  of   a 
refractory  faced  block  of  cast  iron  clamped  to  circulating  water 
tubes  arranged  in  the  wall,  arches  and  other  parts  of  the  furnace 
built  as  desired.     This  form  of  construction  was  fully  described  in 
the  current  issue  of  Engineering.     The  refractory  facing  of  this 
block  was  about  1^  in.  thick  and  the  iron  frame  was  cast  round  the 
brick  block.     The  cast-iron  blocks,  which  were  accurately  ground 
to  fit,  were  clamped  to  the  tubss  and  use  was  made  of  a  high  heat 
conducting  bond  to  ensure  there  should  be  intimate  contact  between 
the   cast-iron   block   and   the   water   tube.     The   floor   and   lower 
portions  of  the  furnace  were  constructed  in  plain  cast-iron  blocks 
without  refractory  facing.     This  arrangement  gave  a  realh'  cool 
bottom  and  was  more  effective  than  the  water  screen  described, 
which  in  at  least  two  installations  had,  to  his  personal  knowledge, 
proved    ineffective.     The    suggestion    to    use    "dry    cleaned"    coal 
before  passing  it  to  the  milling  plant  was  a  very  promising  sug- 
gestion, and  there  were  at  least  two  suitable  makes  of  such  plant 
available.     It  was  dangerous  to  prophesy,  but  there  were  many 
who  believed  that  in  a  few  years  time  the  firing  of  raw  coal  in  any 
shape  or  size  would  almost  be  given  up.     Low-temperature  distil- 
lation of  coal  was  now  a  practical  solution  for  many  of  our  economic 
difficulties  and  he  was  certain  that  in  the  near  future  more  would 
be  heard  of  distillation  and  less  of  pulverisation  of  coal. 

Speaking  on  Commander  Brooks'  paper,  which  dealt  with  powdered 
fuel  for  marine  work,  Mr.  Napier  said  this  was  most  interesting,  as 
it  gave  an  historical  résumé  of  experiments  which  had  been  carried 
out  in  America  by  the  shipping  Board  and  the  U.S.  Navy  on  Scotch 
boilers,  some  actual  installation  which  were  still  more  or  less  in  the 
experimental  stage  on  sea-going  vessels — and  also  results  for  some 
experimental  work  carried  out  by  the  Babcock  &  Wilcox  Co.  on  one 
of  their  own  marine  tvpe  boilers  in  their  works  at  Bayonne,  New 
Jersey.  The  general  question  of  pulverised  fuel  for  sea-going  work 
showed  the  direction  in  which  marine  progress  was  moving  as  to  the 
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necessity  of  mechanical  sj^stems  of  burning  coal  on  board  ship. 
In  regard  to  the  Scotch  boiler,  it  seemed  fairly  clear  that  with  this 
type  of  boiler  pulverised  fuel  was  probably  the  only  arrangement 
which  could  be  practically  adapted;  but  in  the  case  of  water-tube 
boilers,  whilst  pulverised  fuel  was  even  more  readily  adaptable, 
there  was  also  in  that  case  the  alternative  of  mechanical  stokers. 
In  regard  to  this,  Mr.  Dakker's  paper,  read  at  the  Conference, 
indicated  a  large  number  of  vessels  which  were  now  giving  every 
satisfaction  with  mechanical  stokers,  and  in  ships  of  the  Canadian 
Pacific  Line  the  mechanical  stoker  was  now  giving  excellent  results 
in  combination  with  water-tube  boilers.  Following  on  experiments 
which  had  been  carried  out  at  Bayonne,  similar  ones  were  now  being 
carried  out  at  the  works  of  Babcock  &  Wilcox  Ltd.,  at  Renfrew,  by 
which  the  Babcock  &  Wilcox  marine  type  of  furnace  was  arranged 
under  a  boiler  for  the  purpose  of  ascertaining  the  actual  practical 
conditions  which  must  be  complied  with.  It  still  remained  to  be 
proved  when  the  water-tube  boiler  was  adopted  that  the  extra 
capital  cost  involved  in  the  pulverised  fuel  equipment  was  balanced 
by  the  small  increase  in  efficiency  obtainable  over  the  mechanical 
stoker.     W^hat  was  not  yet  quite  clear  was: — 

1 .  The  liberation  pos.sible  per  cu.  ft.  of  combustion  chamber  that  was 
obtainable  with  different  classes  of  coal,  and 

2.  What  limitations  might  be  necessary  regarding  the  fusing  point 
of  the  ash. 

3.  What  would  be  the  best  way  of  dealing  with  the  slag  or  clinker 
which  was  produced  in  the  furnace  and  in  connection  with  this 
percentage  of  ash  permissible  in  the  fuel. 

4.  The  percentage  of  moisture  permissible  in  the  coal  was  another 
condition,  so  as  to  avoid  the  use  of  dryers,  which  would  take  up 
a  great  deal  of  room  on  board  ship. 

5.  Whether  mechanical  conveying  should  be  adopted  on  board 
ship  to  take  the  coal  from  the  bunkers  to  the  hoppers. 

Mr.  D.  Wilson  (Great  Britain)  suggested  that  if  there  was  one 
weak  point  in  the  Fuel  Conference  it  was  that  there  were  too  many 
papers  and  too  little  time  to  discuss  them.  Further,  if  there  were 
one  weak  spot  in  this  Section  of  the  Conference  it  was  that  it  had 
dealt  too  much  with  the  technical  side.  Sir  Robert  Home,  in 
opening  the  Conference,  had  referred  to  powdered  fuel  as  opening 
up  great  possibilities  in  the  direction  of  fuel  economy,  and  he  had 
gone  so  far  as  to  say  that  we  could  improve  our  efficiencies  by  20 
per  cent.  If  that  statement  were  100  per  cent,  correct  it  would 
demand  a  Fuel  Conference  in  itself;  if  it  were  50  per  cent,  correct 
it  would  still  remain  a  matter  of  vital  pubHc  importance,  and  if  it 
were  25  per  cent,  correct  it  was  more  in  accordance  with  a  fact 
which  should  surely  receive  preference  over  aU  other  subjects. 

Whilst  the  Section  included  interesting  papers  by  Dr.  Liilofs  and 
Mr.  Rosencrants  and  others,  surely  the  important  aspect  of  the 
subject  was  the  economical  aspect.  There  were  few  engineers  who 
would  deny  that  it  is  more  economical  to  burn  fuel  in  the  poM^dercd 
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form  than  in  the  sohd  form;  and  we,  therefore,  naturally  asked 
ourselves  what  were  the  doubts  still  lingering  in  the  minds  of  those 
who  hesitated  to  make  the  change.  On  the  previous  day  there  had 
been  remarks  as  to  high  capital  cost,  high  maintenance,  the  dust 
problem,  etc.,  but  to-day  it  was  possible  to  produce  powdered  fuel 
plants  for  power  stations  of  large  size  at  a  capital  cost  lower  than 
that  of  mechanical  stoker  plant,  with  combustion  chambers  not  any 
higher  and  with  maintenance  certainly  not  any  more. 

As  regards  the  dust  problem,  he  contended  definitely  that  long 
before  any  new  powdered  fuel  plants  became  a  constructional 
proposition,  that  question  would  have  been  solved  to  the  satisfaction 
of  everybody. 

The  faint-hearted  referred  to  existing  powdered  fuel  stations  and 
to  the  troubles  that  had  been  experienced  in  the  past,  but  these  were 
merely  the  troubles  that  accompanied  any  new  development  in  its 
early  stages.  The  same  thing  applied  to  the  development  of  the 
steam  turbine  and  the  mechanical  stoker,  and  if  everybody  was  to 
hold  back  in  this  manner  there  would  be  little  progress,  and  it  would 
be  a  very  long  time  before  Sir  Robert  Home's  prediction  came  true. 
As  a  matter  of  fact,  the  troubles  that  had  been  referred  to  were  to 
be  taken  as  sign-posts  indicating  the  paths  of  progress  for  the 
future.  The  fact  was  that  in  this  country  alone  powdered  fuel 
plant  representing  one  million  sq.  ft.  of  heating  surface  had  been 
installed,  and  in  America  the  equivalent  of  ten  million  sq.  ft.  of 
heating  surface  had  been  installed.  Yet  there  were  still  engineers 
who  were  doubtful  as  to  the  wisdom  of  adopting  this  system,  and  it 
would  be  a  pity  if  the  Conference  terminated  without  some  decision 
being  arrived  at  one  way  or  the  other.  It  was  of  particular 
importance  at  the  present  time,  because  decisions  had  to  be 
made  regarding  new  capital  stations,  and  we  should  expect  the 
Government  to  insist  upon  the  most  economical  system  being 
adopted. 

Mr.  C.  H.  Sparks  (Great  Britain)  said  Mr.  Rosencrants  had  briefly 
referred  to  the  reaction  which  was  at  present  taking  place  in  favour 
of  the  direct-fired  system.  It  was  impossible  to  realise  after  reading 
the  paper  how  such  a  reaction  could  possibly  come  about  if  the 
pulverisers  available  for  this  method  of  firing  had  the  inherent 
disadvantages  mentioned  on  pages  354  and  355,  items  1  to  6,  because 
it  must  be  remembered  that  the  pulveriser  was  the  only  element  of 
the  direct-fired  system,  in  fact  the  only  element  interposed  between 
the  raw  coal  bunker  and  the  burner.  How,  then,  had  this  reaction 
come    about? 

It  was  an  undoubted  fact  that  a  great  deal  of  trouble  had  been 
experienced  with  the  bin  and  feeder  system,  but  this  was  not  the 
sole  reason  for  the  reaction.  Engineers  were  interested  primarily 
in  the  combustion  process,  and  they  desired  to  attain  results  as  close 
to  the  ideal  as  possible  with  a  minimum  amount  of  equipment  and 
trouble.  After  the  frank  admissions  made  by  the  author  no  one 
could  doubt  that  the  disadvantages  of  the  bin  and  feeder  system 
had  caused  engineers  to  sift  the  wheat  from  the  chaff,  and  the  result 
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of  this  had  been  the  adoption  at  a  rapidly  increasing  rate  of  the 
system  which  had  been  damned. 

Closer  inspection  of  the  so-called  inherent  disadvantages  of  the 
direct-fired  system  cited  by  the  author,  revealed  the  fact  that  he 
had  entirely  excluded  from  consideration  all  grinding  mills  other 
than  those  of  the  high-speed  beater  or  pin  type.  It  was,  however, 
a  fact  that  the  reaction  which  had  taken  place  was  due  to  the  use 
of  well-tried  grinding  mills  of  suitable  design,  in  fact,  some  of  the 
very  mills  referred  to  by  the  author  as  satisfactory  on  page  334. 
The  characteristics  of  a  suitable  mill  for  direct-firing  were,  firstly, 
that  it  should  be  reliable  and  deliver  the  product  at  the  economic 
limit  of  commercial  fineness,  at  all  loads  up  to  the  maximum; 
secondly,  it  must  be  capable  of  working  with  extremeh^  hot  air  to 
effect  drying  of  the  raw  coal  during  the  process  of  grinding;  thirdly,, 
it  must  be  capable  of  delivering  varying  outputs  of  fuel,  and  if 
possible  this  control  should  be  accompanied  by  a  reduction  in  speed 
of  the  driving  motor  to  minimise  wear. 

Three  types  of  mills  had  been  named: — {a)  Ra3'mond,  {b)  Fuller- 
Lehigh  and  (c)  Tube  mill  of  the  Hardinge  type. 

(a)  The  Ra3^mond  mill  could  not  be  applied  to  direct-firing,  because 
it  was  a  constant  speed  mill  and  underloading  w^as  an  offence.  It 
was  unsuited  for  the  use  of  high-temperature  air  as  there  was  kibri- 
cation  of  the  grinding  zone. 

(b)  The  Fuller-Lehigh  mill  delivered  a  uniform  product  up  to  the 
maximum  output,  was  fitted  with  variable  speed  motor  and  had 
no  lubrication  in  the  grinding  zone,  being,  therefore,  suitable  for  use 
with  the  highest  temperature  air  required,  up  to  outputs  of  40,000 
lb.  of  coal  each. 

(c)  The  tube  mill  of  the  Hardinge  type  was  unsuitable  for  direct 
firing,  but  modified  tube  mills  were  in  existence  so  designed  that 
they  were  eminently  suitable  for  firing  small  quantities  of  fuel  up 
to  approximately  10,000  lb.  per  hour  each.  This  mill  was  a  constant 
speed  mill,  but  the  grinding  zone  might  be  subjected  to  high  enough 
temperatures  to  effect  all  the  drying  necessary  to  maintain  the 
economic  limit  of  commercial  fineness. 

The  direct-fired  system,  then,  was  making  headway  on  account 
of  its  being  able  to  utilise  weU-tried  mills  which  were  as  reliable  as 
the  motors  which  drove  them,  and  the  arguments  which  the  author 
had  raised  against  this  system  fell  to  the  ground  if  for  the  unreliable 
high-speed  mill  a  slow-speed  mill  of  either  of  the  two  types  suitable 
to  the  duty,  i.e.,  the  Fuller-Leigh  or  the  modified  tube  mill. 

It  was  as  well  to  stress  again  the  advantages  of  the  direct-fired 
system.  The  mills  were  under  suction  and  on  this  account  there 
was  no  injurious  dust.  There  was  no  storage  of  powdered  coal  and, 
therefore,  no  explosion  hazard.  There  was  no  transport  system 
or  drier  or  equipment  to  be  maintained  other  than  the  mills  and 
exhausters,  and,  moreover,  there  was  no  condensation  trouble. 

On  pages  341  and  342  it  was  stated  that  a  successful  powdered 
coal  feeder,  but  little  affected  in  capacity  or  power  consump- 
tion  by  moisture,   had   been    developed   and  had   proved  highly 
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successful.  The  engineers,  who  had  had  an  opportunity  of  handling 
moist  powdered  coal,  knew  quite  well  that  it  was  unsuitable  for 
firing  in  that  state,  if  the  ideal  conditions,  set  down  by  the  author 
for  the  completion  of  the  combustion  process,  were  to  be  obtained, 
because  cohesion  or  snow-balling  of  the  particles  took  place.  These 
snow-balled  particles  behaved  in  exactly  the  same  way  as  the 
coarse  particles  referred  to  by  the  author  on  page  344,  and  were 
a  source  of  combustion  loss.  With  the  direct-fired  system  the  fuel 
particles  were  deUvered  to  the  burner  before  the  dew  point  was 
reached,  see  page  338,  thereby  more  nearly  approaching  the  ideal 
set  by  the  author  for  the  completion  of  the  combustion  process. 

Prof.  P.  Rosin  (Germany)  said  that  the  most  important  feature 
of  a  combustion  chamber  was  its  load  or  the  release  of  heat  per  unit 
of  volume.  Whilst  the  efhcienc}^  was  only  a  measure  of  quality 
of  combustion  and  heat  transmission,  the  load  was  the  measure  of 
intensity  of  combustion.  High  loads  were  followed  by  small  com- 
bustion chambers  and,  therefore,  low  capital  costs;  moreover,  high 
loads  were  the  basis  for  applying  the  powdered  coal  firing  to  loco- 
motives and  ships.  By  low  he  meant  the  number  of  calories  de- 
veloped per  cubic  metre  per  hour  during  complete  and  perfect  com- 
bustion including  the  heat  development  by  pre-heating.  Complete 
combustion  signified  that  the  final  products  were  carbonic  acid  and 
water-vapour;  perfect  combustion  required  that  no  unconsumed 
dust  left  the  combustion  chamber  or  was  deposited  prematurely. 
Some  years  ago  he  succeeded  in  finding  on  a  hydro-dynamic  basis 
the  mathematical  equation  of  the  load: — 

L=  3600-273.  ^   .   4^    .   —  cal/m^h. 

In  this  equation,  L    is  the  load, 

H„  the  net  heating  value  of  the  pulverised  fuel  in 

cal/ Kg., 
Vo  the  volume,  of  the  combustion  gases  in  m' 

developed  from  1  Kg.  of  fuel  at  0°C.  and  760 

mm.  Hg.  pressure, 
z     the  most  important  quantity,  the  combustion 

period  in  seconds  of  the  coarsest  grain  of  dust. 

He  had  further  proved  both  statistically  and  theoretically  that  the 
ratio  Hq/Vo  between  net  heating  value  and  volume  of  combustion 
gas  for  all  solid  fuels  obeys  a  law  given  by 

^"=  W  •   "'>+  l-65m3/Kg. 
Therefore,  for  a  given  fuel  and  a  given  excess  of  air  the  term 
became  a  constant  and  the  equation  for  the  load  would  be 


V„-T 

T  —  constant 

z 
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We  thus  obtained  the  most  important  result,  that  the  load  was 
inversely  proportional  to  the  combustion  period.  The  load  problem 
was,  therefore,  a  velocity  problem,  and  a  characteristic  was  the 
time  in  which  the  combustion  process  took  place  in  the  furnace. 

As  an  average,  the  constant  amounted  to  about  340,000  so  that 

the  load  was 

_        340,000       ,^3, 
L=  cal/m"*  hour. 

z 

In  order  to  illustrate  this  it  might  be  stated  that  the  load  of  most 
stationary  furnaces  in  power  plants  are  between  100,000  and  200,000 
cal./m^h. — corresponding  to  from  11,000  to  22,000  B.Th.U.  per 
cu.  ft.— the  longest  combustion  period  being  from  1  -5  to  3  seconds. 
The  German  State  railway  locomotives  demanded  a  load  of  2,000,000 
i.e.,  more  than  200,000  B.Th.U. /cu.  ft.,  and  this  was  found  possible. 
In  that  case  the  combustion  period  must  be  onty  0-17  seconds. 
The  combustion  period,  however,  was  a  rather  complicated  function, 
the  three  most  important  quantities  upon  which  it  depended  being 
dust  fineness,  temperature  and  aero-dynamical  processes  in  the 
furnace.  By  experiment  and  calculation  he  had  been  able  to  show 
the  influence  both  of  fineness  and  temperature  on  the  combustion 
period  and,  therefore,  on  the  load  of  the  combustion  chamber. 
The  most  important  result  was  that  the  principal  means  of  increas- 
ing the  load  of  the  furnace  was  by  means  of  turbulence.  This  was 
not  merely  a  theoretical  matter  but  time  did  not  permit  of  the  matter 
being  further  gone  into  on  the  present  occasion.  His  main  point 
was  that  the  proper  application  of  thermodynamic  principles  to 
this  matter  of  the  combustion  of  pulverised  fuel  might  be  of  great 
advantage  both  to  scientists  and  technicians. 

Mr.  H.  S.  Horsman  (Great  Britain)  confined  his  remarks  to  com- 
bustion chamber  design,  and  referred  to  Fig.  7  in  Mr.  Rosencrants' 
paper  (M3).  From  the  design  it  could  be  seen  that  three  of  the 
furnace  side  walls  were  cooled  by  bare  tubes  and  that  the  wall  con- 
taining the  burners  was  of  refractory  construction;  this  design  was 
presented  as  representative  of  modern  practice,  but  it  contained  at 
least  one  obsolete  feature,  namely,  a  refractory  wall.  At  high 
furnace  rating  the  refractory  wall  might  be  expected  to  give  trouble, 
and  yet  the  wall  was  a  necessity  if  ignition  was  to  be  maintained  and 
if  smoke  was  to  be  reduced  on  low  rating.  He  considered  that  in 
the  ideal  furnace  the  cooling  arrangement,  whatever  it  might  be, 
should  be  disposed  on  all  the  walls  in  order  that  localised  trouble 
might  be  avoided.  Further,  he  was  a  behever  in  the  protected 
tube  known  as  the  Bailey  construction,  because  it  could  be  arranged 
on  all  the  furnace  walls  without  unduly  cooling  the  furnace.  Some 
advantages  of  the  Bailey  wall  were  as  follows: — {a)  It  was  possible 
to  operate  at  very  low  rating  without  generating  black  smoke,  the 
minimum  rating  being  lower  than  for  bare  tubes;  {b)  It  was  possible 
to  operate  at  exceedingly  high  ratings  without  suffering  blow-pipe 
action  on  the  tubes  and  from  the  inevitable  hot  spots  in  the  furnace. 
The  Bailey  construction  was  so  robust  that  furnaces  could  be  rated 
much  higher  than  could  be  done  with  bare  tubes;    (c)  When  the 
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Bailey  construction  was  associated  with  a  special  type  of  burner, 
such  as  the  Calumet  burner,  it  was  possible  effectively  to  cool  all  the 
furnace  walls  in  an  even  manner  and  so  attain  to  the  ideal  previously 
mentioned,  i.e.,  all  walls  water-cooled  without  chilling  the  flame; 
{d)  By  arranging  the  metal  and  refractory  blocks  in  a  predeter- 
mined ratio,  it  was  possible  to  influence  the  nature  of  the  ash  de- 
position bv  controlling  the  furnace  temperature,  and  when  dealing 
with  low  fusion  ash  it  was  possible  to  arrange  to  deposit  the  ash  in 
liquid  form  and  so  facilitate  its  removal  from  the  furnace. 

Again  referring  to  Fig.  7,  chilling  of  the  flame  might  be  expected 
at  low  load  and  blow-pipe  action  on  the  wall  tubes  at  a  certain 
high  load;  but  with  protected  tubes  these  disadvantages  were 
ehminated.  The  Bailey  furnace  could  be  regarded  as  having  a 
greater  operating  range  than  had  the  bare  tube  furnace;  a  very 
important  practical  difference  in  the  two  furnaces.  The  Calumet 
burner  injected  the  fuel  in  a  thin  vertical  sheet,  this  sheet  of  fuel 
being  buffeted  by  the  secondary  air  which  struck  both  sides  of  the 
fue';  it  was  difficult  to  see  how  a  greater  degree  of  turbulence  could 
be  obtained  or  how  quicker  mixture  could  be  achieved.  This 
burner,  therefore,  gave  the  maximum  of  turbulence,  and  the  furnace 
with  which  the  burner  was  associated  was  admirably  suited  to 
withstand  the  severe  duty  which  might  be  imposed  upon  it.  There 
were  other  important  advantages  attached  to  the  protected  tube 
construction,  but  enough  had  been  said  to  show  that  its  principal 
advantages  should  receive  the  very  careful  consideration  of  anyone 
who  contemplated  the  installation  of  water-cooled  walls. 

Lt. -Commander  H.  W.  Brooks,  U.S.N.R.  (U.S.A.),  said  that  in 
reading  the  papers  it  was  impossible  not  to  notice  the  discrepancy 
in  terminology.  Even  to  those  who  had  been  studying  the  subject 
of  pulverised  fuel  for  many  years  it  was  very  difficult  always  to 
understand  exactlv  what  was  in  the  minds  of  people  in  other  coun- 
tries in  their  nomenclature  and  references  to  the  subject.  It  was 
with  the  object  of  removing  this  uncertainty  and  endeavouring  to 
arrive  at  some  international  understanding  as  regards  terminology 
concerning  powdered  fuel  that,  in  co-operation  with  members  of 
the  German  Committee,  he  proposed  the  following  resolution: — 
Whereas — 

The  papers  and  discussions  presented  before  the  Session 
on  pulverised  fuel  at  the  London  Fuel  Conference  of  the  World 
Power  Conference  have  convincingly  demonstrated  the  need 
of  both  producers  and  users  of  pulverised  fuel  equipment  for 
some  international  understanding  as  to  standards  concerning: — 

(1)  the  sampling  of  powdered  fuel; 

(2)  the  determination  of  its  fineness  (screen  analysis); 

(3)  the  standardisation  of  sieves,  at  least  in  so  far  as  to 
permit  translation  of  sieving  results  from  one  standard  to 
another;    and 

(4)  the  methods  of  testing  pulverisers  and  many  other 
factors  vitally  concerning  pulverised  fuel  measurements 
and  testing. 
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Therefore,  be  if  resolved — 

That  the  International  Executive  Council  of  the  World 
Power  Conference  consider  ways  and  means  which  may  lead 
to  international  co-operation  of  qualified  technical  and 
scientific  organisations  to  the  end  of  attaining  mutual 
understanding  of  the  points  heretofore  raised,  as  well  as  others 
similar  which  may  require  consideration  therewith. 

That  the  Council  thereupon  order  a  report  to  be  submitted  to 
the  Second  Plenary  meeting  of  the  World  Power  Conference 
to  be  held  in  Berlin  in  1930. 
The  resolution  was  carried  unanimously. 

Mr.  W.  F.  Carr-Hill  (Great  Britain)  first  comphmented  Mr. 
Rosencrants  on  his  very  able,  useful  and  far-reaching  paper  on  this 
subject. 

The  use  of  pulverised  coal  was  by  no  means  new — it  had  been  very 
largely  used  all  over  the  world  for  the  last  thirty  years  for  firing  the 
long  rotary  kilns  employed  for  calcining  the  materials  from  which 
Portland  cement  was  manufactured.  The  cement  clinker  falling 
automatically  from  the  kilns  was  pulverised  into  finished  cement. 
For  such  calcining,  huge  quantities  of  pulverised  coal  had  been  used 
during  the  last  thirty  years  amounting  roughly  to  — 

In  England        ...  ...  ...  ...  ...        40  million  tons 

In  Germany      ...  ...  ...  ...  ...        80 

In  France,  Belgium,  Holland,  etc.    ...  ...        40 

In  U.S.A 160 

In  other  countries        ...  ...  ...  ...        40 

Total  360 

It  was  safe  to  say  that  at  least  three-quarters  of  these  enormous 
quantities  had  been  pulverised  in  two  types  of  mill.  1  irstly, 
"Screen"  mills  of  the  centrifugal  type  having  one  or  more  rollers 
rotating  in  a  circular  grinding  pan.  In  these  mills  a  fixed  screen 
encircled  the  grinding  pan  and  formed  an  integral  part  of  the  mill, 
enabling  a  finished  product  of  the  necessary  fineness  to  be  obtained 
in  one  operation  direct  from  the  mill  without  any  auxiliary  separa- 
ting device.  Mills  of  this  type  were  represented  by  the  well-known 
Griffith  and  Giant  Griffin  single-roll  mills,  Bradley  three-roll  mills, 
and  the  like.  Secondly,  Ball  mills,  and  Ball  and  Tube  mills.  These 
mills  were  installed  sometimes  with  and  sometimes  without  auxiliary 
separators  for  assisting  the  plants  in  the  finishing  of  the  product  to 
the  necessary  fineness.  This  class  of  mill  did  the  work,  but  v- as 
cumbersome  and  expensive  in  power. 

The  above  two  systems  of  pulverising  plant  having  pulverised 
during  the  last  thirty  years  such  enormous  quantities  as  had  been 
stated,  he  was  surprised  that  Mr.  Rosencrants  made  no  reference 
in  his  paper  to  the  very  well-known  fixed  screen  type  of  mill.  This 
type  of  pulveriser  was  now  being  tried  in  power  station  work  for 
boiler  firing,  and  was  grinding  coal  to  a  very  fine  product,  i.e.,  85 
per  cent,  passing  200  by  200  mesh  sieve  for  10  kW.  per  ton  ground. 
This  showed  a  considerable  economy  compared  with  other  types 
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of  mills  fitted  with  pneumatic  discharge,  which  Mr.  Rosencrants 
referred  to.  Further,  the  "Screen"  mill's  cost  of  upkeep  ran  from 
Id.  to  2d.  per  ton  on  EngUsh  coal,  which  appeared  to  be  much  less 
than  with  mills  of  the  pneumatic  discharge  type,  where  the  sand 
blast  action  of  the  ground  coal,  being  sucked  and  delivered  through 
the  air  pipe  delivery  system,  etc.,  caused  excessive  wear  and  tear. 
This  wear  was  more  marked  with  English  coal  than  with  American, 
English  coal  being  much  the  harder,  as  Mr.  Rosencrants  said.  It 
was  well  known  that  the  pneumatic  mill  was  more  favoured  than  the 
"Screen"  mill  in  America  because  American  coal  was  softer  and 
perhaps  more  leathery  or  fibrous,  preventing  it  discharging  from 
a  "Screen"  mill  so  freely.  With  the  harder  and  more  brittle  Enghsh 
coal  he  thought,  undoubtedly,  the  future  would  show  that  the 
"Screen"  mill  was  the  most  efficient  type  for  English  use. 

As  he  had  already  pointed  out,  the  cement  manufacturers  of  the 
world  had  ground  about  360  million  tons  of  coal  in  the  last  thirty 
years;  therefore,  their  experience  was  worth  considering.  At  least 
90  per  cent,  of  that  coal  had  been  passed  through  coal  dryers 
(mostly  of  the  rotary  horizontal  cylinder  type)  before  being  fed  to 
the  pulverisers,  because  the  cement  manufacturers  knew  that  it 
paid  to  dry  the  coal  to  2  per  cent,  or  less  moisture  before  grinding 
it.  It  seemed  quite  impossible  to  obtain  the  steady  and  uniform 
fineness  necessary  for  the  most  efficient  combustion  unless  coal  was 
dried,  pulverised  and  fed  to  the  combustion  chamber  with  under 
2  per  cent,  of  moisture.  In  some  power  station  work  the  engineers 
were  trying  to  avoid  installing  coal  dryers  and  were  feeding  coal  to 
their  pulverising  mills  and  combustion  chambers  containing  any- 
thing from  8  per  cent,  to  20  per  cent,  of  moisture,  as  Mr.  Rosen- 
crants' paper  said.  Take,  say,  a  run  of  wet  weather  and  coal 
averaging  15  per  cent,  moisture  for  a  few  weeks;  that  meant  1  ton 
of  water  being  thrown  into  the  combustion  chamber  for  every  6  tons 
of  coal  fed  to  it.  That,  again,  meant  that  at  a  power  station  like 
Lots  Road,  Chelsea,  London,  where  700  tons  of  coal  per  day  was 
uesd,  that  about  100  tons  of  water  per  day  was  thrown  into  the 
combustion  chambers.  At  least  15  tons  of  coal  per  day  was  used 
in  evaporating  this  amount  of  moisture,  which  might  be  saved  by 
using  dryers  operating  with  waste  heat  gases  to  dry  the  coal  before 
it  was  pulverised.  If  the  100  tons  of  water  per  day  was  thrown  into 
the  combustion  chamber  he  would  leave  it  to  combustion  engineers 
to  say  whether  or  not  this  would  lead  to  considerable  trouble  and 
excessive  cost  on  furnace  linings  and  in  other  directions. 

Speaking  from  thirty  years'  experience  with  pulverised  coal,  his 
own  view  was  that  trying  to  pulverise  or  burn  coal  anything  like  so 
wet  as  with  15  per  cent,  or  even  8  per  cent,  of  moisture,  would  lead  to 
pulverised  coal  becoming  unpopular  in  this  country  for  power 
station  work — in  fact,  its  failure  might  be  caused  thereby.  There 
should  be  no  difficulcy  in  utiUsing  efficient  dryers  to  meet  English 
conditions  of  extra  moisture  in  the  coal.  Waste  heat  dryers  had 
been  quite  successfully  installed  at  a  London  power  station  where 
the  coal  entered  containing  about   15  per  cent,  moisture  and  left 
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the  dryer  with  2  per  cent,  moisture  on  its  way  to  the  pulverisers. 
The  waste  gases  entered  the  dryer  at  about  225  deg.  F.  and  left  it 
at  170  deg.  F.;  being  waste  gases,  the  drying  cost  practically  nothing. 
There  was  nothing  novel  about  this  form  of  dryer — the  same  type 
had  been  used  for  many  years  on  drying  other  materials  and  had 
now  been  successfully  adapted  for  drjàng  coal  for  power  station 
work. 

Mr.  E.  N.  Taylor  (Great  Britain)  disagreed  with  Mr.  Rosencrants 
so  far  as  that  portion  of  his  paper  relating  to  the  solution  of  the 
moisture  problem  with  the  bin  and  feeder  system  was  concerned; 
which  solution  was  embodied  in  his  modern  plant.  The  coal  during 
its  treatment  went  through  a  process  of  pulverisation,  and  we  were, 
therefore,  faced  with  a  problem  from  moisture,  first  in  the  raw  or 
lump  coal  and,  secondly,  in  the  powdered  product. 

Excessive  moisture  in  the  raw  coal  gave  trouble  through  the 
formation  of  wet  sludge  in  the  pulverisers,  leading  eventually  to 
the  machine  choking  up  and  refusing  to  function.  Excessive 
moisture  in  the  pulverised  product  caused  coagulation  of  the  fine 
particles  of  coal  and  made  it  quite  impossible  to  approach  even 
within  practical  limits  to  the  ideal  conditions  for  combustion  set 
down  by  the  author,  i.e.,  infinite  fineness  of  coal  and  perfect  mixture 
of  coal  and  air.  With  the  storage  system,  it  also  brought  troubles 
due  to  packing  and  arching  of  the  coal  in  the  storage  bunkers  and 
clogging  up  of  the  transport  line.  A  satisfactory  answer  had  been 
found  to  the  first  problem  by  the  admission  of  hot  air  or  gas  to  the 
mill;  this  mixed  intimately  with  the  coal  during  the  process  of 
pulverisation  and  drove  off  the  moisture,  which  was  carried  out  of 
the  mill  as  a  vapour  together  with  the  pulverised  product;  the 
limiting  factor  of  the  application  of  this  method  was  the  tempera- 
ture of  the  mixture  of  coal,  moisture  and  air  in  the  mill. 

The  second  problem  was  to  prevent  the  moisture  which  was  driven 
off,  or  any  other  moisture,  from  attaching  itself  to  the  powdered 
coal  and  bringing  about  the  troubles  previously  referred  to.  In  the 
direct-fired  system  this  problem  was  non-existent,  the  pulverised 
coal  and  the  vapour  passing  direct  to  the  burner  and  into  the 
furnace.  With  the  storage  system  using  cyclone  separation  and 
making  use  of  hot  air  or  gas  to  overcome  the  first  problem,  the 
second  one  was  of  very  great  magnitude,  and  he  could  not  share 
with  the  author  the  opinion  that  it  was  on  the  eve  of  solution. 
About  a  year  ago  in  a  paper  which  the  author  presented  to  the 
Institution  of  Electrical  Engineers,  he  told  the  assembly  that  it  was 
then  on  the  eve  of  solution,  but  apparently  the  day  had  not  yet 
arrived.  Certainly  the  arrangement  which  the  author  described 
did  not  inspire  him  with  the  confidence  suggested. 

The  author  said  that  the  air  circulation  in  the  system  soon  became 
saturated  by  moisture,  and  that,  owing  to  cooling  by  radiation, 
moisture  was  constantly  being  precipitated  upon  the  inside  of  the 
piping  of  the  cyclone,  also  that  this  was  re-absorbed  by  the  powdered 
coal  and  left  the  system  uniformly  distributed;  considering  that  the 
coal  and  air  mixture  occupied  the  full  bore  of  the  pipe  and  that  only 
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that  portion  in  contact  with  the  sides  might  absorb  moisture,  dis- 
tribution must  be  anything  but  uniform.  Furthermore,  the 
powdered  coal,  having  gathered  moisture  from  the  saturated  air 
and  from  the  condensed  vapour,  was  passed  by  the  transport  system 
to  the  storage  bunkers  where  it  was  in  perfect  condition  for  promo- 
ting all  those  troubles  which  we  were  seeking  to  eliminate. 

The  evolution  of  a  feeder  which  would  deal  with  coal  in  this  con- 
dition was  no  contribution  towards  the  ideal  which  was  postulated 
by  the  author.  It  merely  allowed  the  operation  of  the  system 
under  those  bad  conditions  which  used  to  cause  the  screw  feeder  to 
cease  to  function.  The  bad  conditions  remained,  and  we  still  had  the 
coagulation  of  the  coal  particles  with  consequent  bad  burning 
conditions,  as  well  as  the  packing  in  the  bin  and  sticking  to  the 
sides.  These  latter  troubles  which  had  been  experienced  from  the 
earliest  pulverised  coal  storage  installations  had,  therefore,  found 
no  solution  in  the  author's  system,  and  the  necessity  of  having  the 
bins  dug  out  from  time  to  time  by  men  with  shovels  and  the  conse- 
quent shutting  down  of  the  plant  had  not  been  eliminated;  a  further 
difficulty  in  this  country  was  brought  about  by  the  natural  humidity 
of  our  atmosphere. 

Pulverised  coal  in  storage,  even  if  dried  to  begin  with,  would 
absorb  a  considerable  amount  of  moisture  simply  through  exposure 
to  the  atmosphere.  The  author's  "modern"  plant  did  not,  then, 
seem  to  overcome  any  of  the  operating  difficulties  which  had  been 
encountered  in  this  country  with  storage  systems  since  their  in- 
ception, and  we  were  forced  to  the  conclusion  that  the  direct-fired 
system  was  the  method  which  offered  the  greatest  prospect  of 
unqualified  success. 

Herr  Curt  von  Grueber  (Germany)  said  that  his  firm  had  in 
operation  and  in  course  of  construction  plants  for  pulverising  fuel 
dealing  with  two  million  tons  of  coal  per  annum.  They  had  been 
building  a  large  number  of  ring  roller  mills  of  the  vertical  and 
horizontal  type  (Kent  and  Loesche  mills),  and  also  of  the  Raymond 
type,  and  there  was  no  question  that,  especially  the  horizontal  ring- 
roll  mill  (Loesche  mill)  with  the  Raymond  air  separation  was 
already  thoroughly  efficient.  This  mill  was  for  the  direct-fired 
system,  and  had  been  in  actual  operation  for  some  time.  It  was 
only  necessary  to  make  proper  arrangements  between  the  com- 
bustion chamber  and  the  mill  to  insure  the  right  percentage  of  air 
necessary,  for  efficient  combustion.  They  claimed  through  this 
type  of  apparatus  to  be  able  to  reduce  the  cost  of  powdered  fuel  to 
a  minimum  by  a  reduction  of  the  initial  cost  of  plant  and  cost  of 
maintenance.  The  speed  of  operating  such  mills  had  been  also 
improved,  and  they  claimed  to  be  able  to  develop  the  direct-fired 
system  in  such  a  manner  as  to  show  superior  results  to  those 
shown  by  the  central  system. 

Mr.  C.  Featherstone  Hammond  (Great  Britain)  remarked  that 
at  a  previous  session  he  had  mentioned  the  question  of  a  high  flame 
temperature  in  the  combustion  chamber,  and  in  doing  so  had 
evidently  touched  upon  a  subject  which  had  been  very  much  to 
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the  fore  in  Prof.  Rosin's  experiments.  Prof.  Rosin  had  suggested 
that  the  proper  way  to  approach  the  problem  of  pulverised  fuel 
firing  was  to  increase  the  load  factor.  It  was  interesting  to  note 
that  it  was  possible  to  obtain  an  enormously  increased  load  factor 
without  a  great  deal  of  difficulty  and  it  was  actually  being  accom- 
phshed  now  with  a  burner  operating  on  gas,  either  coal  or  producer 
gas.  In  this  way  it  was  possible  to  get  out  of  each  cubic  foot  of 
combustion  chamber  space  from  10  to  20  milHon  B.Th.U.  That 
was  something  which  had  not  been  heard  of  hitherto.  Prof.  Rosin 
had  suggested  the  possibility  of  getting  200,000  B.Th.U.  per  cu.  ft. 
of  combustion  chamber  space  per  hour  and  that  figure  would  pro- 
bably have  surprised  most  people,  having  regard  to  the  fact  that  in 
some  directions  50,000  to  80,000  was  regarded  as  a  remarkable  per- 
formance. The  figure  of  from  10  to  20  million  B.Th.U.,  however, 
had  been  obtained  continuously  for  many  weeks  and  months, 
without  variation  of  the  combustion  chamber  walls,  by  conducting 
the  combustion  in  such  a  way  that  there  was  absolutely  perfect 
division  of  the  fuel  in  the  air  for  combustion  without  stratification. 

Stratification  was  the  chief  bugbear  in  all  these  systems,  and  was 
even  more  difficult  to  overcome  in  pulverised  fuel  firing,  where  there 
were  particles  of  a  certain  mass.  If  one  tried  to  get  turbulence  by 
whizzing  a  mixture  of  air  and  pulverised  fuel  through  a  helix,  a 
vortex  was  created  in  which  the  heavier  particles  were  centrifuged 
and  the  mixture  was  immediately  classified  so  that  the  heavier 
particles  were  thrown  to  the  outside,  and  a  condition  of  stratifica- 
tion was  actually  generated  inside.  The  usual  method  of  intro- 
ducing fuel  into  a  combustion  chamber  was  sufficient  in  itself  to 
set  up  stratification  which  it  was  almost  impossible  to  break  down. 
The  result  was  that  a  very  rich  mixture  was  circulated  up  a  sleeve 
of  air  and  if  one  took  the  trouble  to  examine  the  conditions  through 
the  combustion  chamber  and  up  the  flues  the  same  condition  of 
affairs  could  be  detected  right  at  the  chimney  top. 

Mr.  E.  F.  McTaggart  (Great  Britain)  said  that  a  successful 
commercial  attempt  had  been  made  to  fire  Lancashire  boilers  with 
pulverised  fuel,  and  an  efficiency  of  72  per  cent,  had  been  obtained 
without  any  superheater  or  économiser.  The  system  was  one  of 
two-stage  combustion  and,  owing  to  the  absence  of  refractories  in 
the  combustion  tubes,  the  troubles  which  usually  arose  from  slagging 
had  been  entirely  avoided. 

Dr.  W.Lulofs  (Holland)  said  he  agreed  with  Mr.  Rosencrants  and 
others  that  for  the  majority  of  cases  the  combustion  chamber  walls 
must  be  water-cooled  when  using  pulverised  fuel,  but  there  were 
still  those  who  held  the  view  that  the  combustion  chamber  walls 
could  be  sufficiently  cooled  by  air.  In  his  own  paper  there  was 
mentioned  a  case  in  Cuba  of  a  company  which  had  altered  their 
boilers  to  powdered  fuel  burning  and  had  adopted  combustion 
chambers  which  were  entirely  air  cooled.  As  a  matter  of  fact,  he 
himself  had  worked  out  cases  in  which  air-cooled  walls  for  the 
combustion  chambers  would  be  permissible.  He  did  not  agree 
with  Mr.  Rosencrants  that  refractory  brickwork  was  obsolete;  on 
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the  contrary,  he  beheved  that  refractory  brickwork  would  be  used 
for  hning  the  tubes.  The  problem  resolved  itself  into  improving 
combustion  as  much  as  possible  by  pre-heated  air  and  turbulent 
motion  in  the  burner,  and  then  so  to  construct  the  boiler  that  at 
full  load  the  temperature  of  the  gases  entering  the  boiler  and  leaving 
the  combustion  chamber  was  as  high  as  possible. 

Mr.  Rosencrants  (Great  Britain)  said  he  was  more  or  less  amazed 
at  the  amount  of  fire  that  had  been  drawn  by  what  had  been  in- 
tended to  be  a  perfectly  innocent  paper,  and  he  felt  flattered  at  the 
f requeue V  of  the  references  made  to  his  paper,  even  though  so  many 
of  the  speakers  did  not  agree  with  him.  At  the  same  time,  he  had 
been  a  little  disappointed  that  the  discussion  had  been  so  largely 
contributed  to  by  makers  of  pulverised  fuel  equipment  and  so  little 
by  users.     There  had  been  five  representatives  from  one  firm. 

As  regards  the  correction  to  the  table  giving  details  of  various 
installations,  all  he  could  say  was  that  this  table  had  been  sent 
round  to  the  various  firms  for  correction  and  the  particular  firm  in 
question  had  not  taken  the  trouble  to  send  in  the  information 
asked  for.  The  necessary  correction,  however,  would  be  made 
before  final  publication. 

So  far  as  the  question  of  direct  firing  versus  central  firing  was 
concerned,  the  discussion  had  certainly  been  in  favour  of  the  direct 
system,  and  to  the  extent  that  mills  might  be  developed  which 
would  overcome  the  arguments  presented  against  direct  firing, 
these  arguments  fell  to  the  ground,  as  Mr.  Sparks  had  pointed  out. 
He  (the  speaker)  was  willing  to  agree  that  in  that  respect  we  had 
not  reached  finality.  It  seemed  to  be  agreed  that  some  form  of 
water-cooled  wall  for  the  combustion  chamber  was  necessary,  and 
he  himself  was  in  full  agreement  with  that  view.  As  to  which  type 
of  water-cooled  wall  would  predominate;  that  was  a  matter  of 
commercial  exploitation.  The  question  of  the  dust  nuisance  from 
the  stack  had  been  mentioned,  but  it  was  a  problem  that  had  been 
recognised  and  was  being  dealt  with.  As  a  matter  of  fact  he  felt 
we  were  well  on  the  way  towards  a  solution  of  that  difficulty.  It 
was  being  attacked  from  three  different  angles.  The  first  was  by 
electrical  precipitation,  which  had  in  its  favour  that  when  it  was 
properly  carried  out  it  resulted  in  an  almost  complete  ehmination 
of  the  dust,  but  it  had  the  disadvantage  of  high  cost.  The  most 
prolific  source  of  experimentation  had  been  with  centrifugal  devices, 
which  had  many  things  in  their  favour.  A  third  method  was  wet 
washing,  although  this  had  been  tried,  perhaps,  less  than  some  of  the 
other  schemes.  It  was,  however,  receiving  a  great  deal  of  attention 
at  the  moment;  and  in  his  opinion  it  was  worthy  of  a  great  deal 
more,  because  he  believed  something  could  be  done  in  that  direction. 
Indeed,  he  believed  there  were  solutions  of  several  problems  asso- 
ciated with  pulverised  fuel  well  in  sight  as  the  result  of  the  intensified 
research  work  that  had  been  carried  out  during  the  past  few  years. 

Mr.  Martin  Frisch  (U.S.A.)  said  the  great  feature  of  the  discus- 
sion, in  his  opinion,  was  the  fact  that  the  advocates  of  the  direct 
and  bin  and  feeder  systems  did  not  seem  to  be  able  to  suggest  any 
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compromise.  The  argument  on  both  sides  was  that  one  or  other 
of  the  systems  was  the  best,  but  in  his  view  the  question  of  whether 
the  direct-fired  or  the  bin  and  feeder  system  should  be  used  must 
depend  upon  the  particular  circumstances  of  each  case.  Every- 
thing depended  upon  the  types  of  fuel  available  and  the  conditions 
of  steaming  required. 

In  the  case  of  the  United  States  power  stations  there  was  only  one 
which  was  completely  direct  fired,  and  unfortunately  there  were 
no  results  available  from  that  plant,  nor  from  the  industrial  plants 
using  that  system,  which  enabled  comparisons  to  be  made.  The 
direct  system  had  been  used  chiefly  in  industrial  plants  in  the  States 
and,  he  believed,  with  considerable  success.  He  believed  that 
during  the  next  few  years  we  should  learn  something  about  the 
direct-fired  system  as  applied  to  power  stations,  because  there  were 
data  which  would  shortly  become  available  for  publication. 

As  regards  comparisons  between  pulverised  fuel  and  mechanical 
stokers,  a  good  deal  of  nonsense  had  been  written  as  to  the  high  cost 
of  pulveriser  plants  as  compared  with  the  cost  of  stoker  plants,  but 
the  latest  information  showed  there  was  little  difference  between 
the  capital  cost  of  the  two  types  of  plant  for  a  similar  duty.  On 
the  other  hand,  the  statistics  showed  that  the  cost  of  generating 
electric  power  by  means  of  pulverised  fuel  was  lower  than  when 
using  mechanical  stoker  plants  of  the  chain  grate  type,  whilst  the 
retort  or  under-feed  type  was  more  expensive  than  either.  All 
this,  however,  was  subject  to  such  questions  as  load  factor  and 
cost  of  fuel. 

There  seemed  to  be  an  impression  among  certain  people  who  had 
discussed  the  papers  that  high  furnace  temperature  must  first  be 
produced  in  order  to  make  complete  combustion  of  the  coal  possible, 
but  they  overlooked  the  fact  that  high  furnace  temperature  was 
the  result  and  not  the  cause  of  combustion.  The  temperature 
developed  during  the  combustion  process  was  a  function  of  certain 
definite  factors,  and  if  a  certain  amount  of  heat  was  absorbed  by 
the  definite  factors  and  if  a  certain  amount  of  heat  was  absorbed 
by  the  walls  through  the  flame,  no  doubt  the  temperature  of  the 
gases  entering  the  boiler  was  lower.  The  point  was  that  high 
combustion  rates  did  not  give  high  furnace  temperatures  whether 
water-cooled  walls  were  used  or  not,  and  it  had  been  found  possible 
to  burn  coal  just  as  smokelessly  at  low  ratings  as  at  high  ratings 
in  a  furnace  that  was  completely  water-cooled  as  it  was  in  a  furnace 
that  was  water-cooled  and  covered  with  brick  or  had  refractory 
walls.  The  measure  of  the  completeness  of  combustion  was  the 
carbon  loss.  A  great  deal  of  data  on  these  points  was  being  accumu- 
lated in  America  and  in  Europe,  and  the  actual  results  of  operations 
would  well  repay  careful  study  by  those  interested. 

Lt.-Comm.\nder  H.  W.  Brooks,  U.S.N.R.  (U.S.A.),  dealt  first 
with  the  point  raised  by  Mr.  Napier  as  to  whether  in  the  water-tube 
marine  type  of  boiler  the  mechanical  stoker  might  not  be  more 
desirable  than  pulverised  fuel  firing.  Personally,  he  said,  he  did 
not  know.     As  in  the  case  of  land  installations,  this  was  a  problem 

579 


PULVERISED  FUEL 

which  must  be  worked  out  on  the  merits  of  each  particular  case. 
It  had  been  his  privilege  to  take  some  part  in  the  design  of  the  land 
station  which  he  believed  now  held  the  world's  record  for  fuel 
economy,  viz.,  the  "Columbia"  station  at  Cincinatti.  Later,  he  had 
designed  entirely  differently  the  "Huntley"  station  of  the  Buffalo 
General  Electric  Co.  As  a  result  of  these  two  cases  as  an  example, 
and  his  general  design  and  operating  experience  over  many  years, 
he  had  not  yet  been  able  to  find  a  formula  which  would  fit  all  boiler- 
room  conditions,  and  he  did  not  believe  we  should  ever  find  such  a 
formula.  As  a  matter  of  fact,  he  believed  he  would  see  stokers 
used  as  long  as  he  lived.  He  mentioned  these  things  because  he 
felt  that  in  our  technical  meetings  we  often  went  to  a  lot  of  trouble 
unnecessarily  about  an  unanswerable  problem — namely,  the 
seeking  of  such  a  formula. 

As  an  example  of  but  one  of  the  elements  of  such  a  formula,  refer- 
ence had  been  made  to  the  economics  of  the  subject.  Recently  he 
had  occasion  to  purchase  a  water  wall  job  for  a  fairly  large  installa- 
tion in  the  States,  and  on  substantially  similar  designs  the  maximum 
price  per  sq.  ft.  of  water  wall  surface  was  35  dollars  and  the  mini- 
mum was  12  dollars.  Under  these  circumstances,  it  was  very 
difficult  to  get  the  funds  to  convert  vessels  to  pulverised  fuel  firing. 
Ninety-five  per  cent,  of  the  American  Shipping  Board's  tonnage 
was  in  Scotch  boilers  and  there  was  an  interesting  problem  to  be 
solved  there,  quite  aside  from  the  water  tube  marine  boiler. 

At  the  moment,  the  United  States  supplied  almost  60  per  cent, 
of  the  world's  oil  production,  and  according  to  the  present  data  of 
the  U.S.  Geological  Survey  there  was  in  the  United  States  of  known 
oil  resources  recoverable  by  present  methods  about  nine  years' 
supply  at  the  1926  rate  of  consumption.  On  the  other  hand,  on 
the  same  basis  there  was  approximately  2,000  years'  supply  of  coal 
and  the  need  of  the  answer  sought  was  rather  obvious. 

Mr.  Kilburn  Scott  had  suggested  the  possibility  of  modifying  the 
beater  mill  so  that  it  would  be  conical  and  wear  could  be  taken  up 
longitudinally.  That  was  an  interesting  suggestion,  because  ihe 
original  mût  mill  used  in  the  United  States  (but  not  used  at  present), 
viz.,  the  "Seymour"  mill,  had  that  particular  feature.  The  lack 
of  success  of  that  mill,  however,  was  not  due  to  that  feature. 
The  injector  blower  also  mentioned  by  Mr.  Kilburn  Scott  was  again 
interesting,  because  Mr.  C.  J.  Jefferson,  of  the  U.S.  Shipping  Board, 
who  was  a  leader  in  the  powdered  fuel  world,  had  recently  shown 
him  patents  which  covered  that  feature.  As  a  matter  of  fact,  at 
the  Pennsylvania  Navy  Yard  they  had  got  nearer  to  a  solution  of 
the  distribution  question  with  the  injector  blower  than  by  any 
other  means. 

As  regards  Prof.  Rosin's  work,  in  speaking  to  him  privately,  it 
seemed  that  the  application  of  his  formula  in  Germany,  and  his 
(Commander  Brooks')  own  test  experiences  in  America,  had  agreed 
reasonably  well,  and  had  proved,  quite  independently,  that  it  was 
technically  feasible  to  release  more  than  a  million  B.Th.U.  per 
cu.  ft.  per  hour.     He  mentioned  that  because  he  contended  that 

580 


DISCUSSION 

there  was  no  need  to  worry  about  maximum  possible  B.Th.U.  per 
cu.  ft.  of  combustion  chamber  volume,  but  rather  what  we  had  to 
worry  about  more  was  how  to  build  furnace  walls  which  would 
hold  up  after  we  had  it  there. 

A  cordial  vote  of  thanks  was  passed  to  the  Chairman,  the  Vice- 
Chairman,  authors  of  papers  and  speakers  in  the  discussion. 

The  following  written  contributions  have  been  submitted. 

Mr.  E.  F.  McTaggart  (Great  Britain):  Mr.  Wilson  mentioned 
the  economic  aspect  of  pulverised  fuel  firing  with  relation  to  coal 
conservation,  and  it  is,  therefore,  somewhat  surprising  to  find  that 
little  or  no  mention  has  been  made  at  this  session  of  Lancashire 
or  other  types  of  small  boilers,  since  it  has  been  stated  that  there 
are  upwards  of  100,000  Lancashire  boilers  alone  in  this  country. 

We  have  read  and  heard  much  in  this  Conference  of  the  enormous 
amount  of  work  which  has  been  done  in  attempting  to  perfect  the 
combustion  of  pulverised  fuel  for  large  water-tube  boilers,  but  it 
seems  to  me  that  most  of  the  installations  described  have  one  very 
grave  drawback  for  the  small  steam  user  or  for  one  who  wishes  to 
convert  his  existing  equipment  from  hand  or  stoker-fired  conditions; 
namely,  that  of  exorbitantly  high  initial  cost. 

It  is  unnecessary  to  stress  the  difficulties  experienced  in  firing 
Lancashire  boilers  with  pulverised  fuel  owing  to  the  comparatively 
small  combustion  space  and  the  undesirability  of  Hnking  the  furnace 
tubes  with  refractory  to  keep  the  temperature  sufficiently  high  to 
ensure  complete  combustion.  The  ash  problem  has  also  exercised 
the  attention  of  engineers,  and  if  refractories  are  used  in  the  tubes 
this  question  becomes  one  of  paramount  importance. 

It  may,  therefore,  be  of  interest  to  hear  that,  as  the  result  of 
experiments  carried  out  over  a  long  period,  successful  commercial 
installations  of  pulverised  fuel  firing  have  been  made  on  Lancashire 
and  other  small  boilers.  In  the  case  of  the  former,  no  alteration 
was  necessary  to  the  existing  tubes  (except,  of  course,  removing 
the  grates  or  stokers),  and  in  the  latter,  little  or  no  addition  had  to 
be  made  to  the  combustion  chambers,  which  were  previously 
fitted  with  hand-firing  grates. 

The  principle  involved  is  one  of  gasification  or  two-stage  com- 
bustion, which  is  carried  out  in  a  relatively  small  combustion 
chamber  of  special  design.  The  gaseous  products  so  formed,  con- 
sisting chiefly  of  the  volatile  constituents  of  the  coal  together  with 
a  large  proportion  of  carbon  monoxide,  pass  directly  to  the  existing 
combustion  chamber  or  fire  tubes,  where  they  are  mixed  with  the 
requisite  amount  of  secondary  air  and  burnt.  Approximately  half 
the  theoretical  quantity  of  air  required  for  complete  combustion 
is  admitted  with  the  coal  stream  into  the  gasifier.  The  process  is, 
therefore,  similar  to  that  which  takes  place  in  ordinary  gas  producers, 
with  the  important  difference  that  there  is  no  cooling  process  (and 
consequent  sensible  heat  loss)  because  the  gasifying  chamber  con- 
nects directly  with  the  combustion  chamber. 
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Approximateh'  49  per  cent,  of  the  ash  contained  in  the  coal  is 
deposited  in  the  gasifying  chamber  (either  molten  or  in  the  form 
of  fine  "golden  rain,"  according  to  the  melting  point  of  the  ash), 
and  since  it  has  been  found  possible  to  dispense  with  the  use  of 
refractories  in  the  combustion  tubes  in  Lancashire  boilers,  there  is 
no  slagging  of  the  remaining  ash  as  it  falls  on  a  water-cooled  surface 
and  may  be  removed  periodically  by  means  of  soot  blowers. 

Classes  of  coal  ranging  from  anthracite  to  bituminous  and  with 
ash  contents  up  to  25  per  cent,  have  been  used  with  equally  satis- 
factory results. 

It  might  be  thought  that  the  refractory  in  the  gasifying  chamber 
would  be  subjected  to  very  heavy  wear,  but  it  must  be  remembered 
(1)  that  only  incomplete  combustion  and  consequently  limited 
temperature  occurs  there,  and  (2)  that  the  walls  are  cooled  by  the 
passage  of  secondary  air  over  them. 

On  Lancashire  boilers  without  either  superheaters  or  economisers 
and  whose  previous  overall  efficiency  on  hand  firing  was  only  in  the 
nature  of  55  per  cent.,  overall  efficiencies  of  72  per  cent,  have  been 
obtained,  giving  a  substantial  reduction  in  the  coal  consumed. 

Mr.  W.  R.  Griffith  (Great  Britain)  o)i  the  subject  of  Mr.  Rosen- 
crants'  paper: — 

Whilst  I  am  greatly  interested  in  Mr.  Rosencrants'  paper,  it  is 
evident  that  he  is  a  champion  of  the  "bin  and  feeder"  system. 

The  writer  was  rather  disappointed  that  on  page  344  he  did  not  give 
us  some  actual  figures  on  coal  fineness  for  coals  mined  in  this  country. 
Whilst  at  one  time  the  degree  of  fineness  called  for  was  very  high, 
the  writer  has  obtained  good  results  on  B.  &  W.  boilers  with  unit 
type  pulverisers,  with  a  fineness  of  88-2  per  cent,  through  100  mesh 
and  62-2  per  cent,  through  200  mesh,  the  combustible  in  the  ash 
being  016. 

On  page  345  Mr.  Rosencrants  mentions  the  serious  difficulties 
encountered  with  refractory  walls  and  suggests  water-cooled  fin  wall 
construction.  This  may  be  better  practice  for  large  public  supply 
plants,  but  in  industrial  plants — where  the  bulk  of  the  country's 
coal  is  consumed — this  is  not  always  practicable,  owing  to  the 
hardness  of  the  water  and  the  extra  plant  involved. 

Some  eighteen  months  ago  the  writer  had  to  consider  the  advis- 
ability of  putting  in  new  boiler  plant  and  inspected  a  Corporation 
installation  in  the  Midlands,  two  of  the  boilers  in  this  installation, 
each  of  20,000  lb.  evaporation  per  hour,  had  been  running  for  four 
years.  The  combustion  chambers  were  air  cooled,  hollow,  refrac- 
tory walls  and  the  maintenance  necessar\^  has  been  partly  to  reline 
the  combustion  chambers  every  two  years. 

The  engineer  allowed  the  writer  to  go  through  his  log  book,  and 
from  the  average  readings  the  efficiency  was  from  80  to  64  per  cent. 
From  the  actual  readings  taken  during  the  visit,  the  efficiency  was 
84-4  per  cent.  After  due  consideration  of  various  plants,  as  a  user 
and  not  a  supplier,  the  writer  came  to  the  following  conclusion, 
advising  the  installation  of  B.  &  W.  boilers,  unit  type  pulveriser 
system,  and  air-cooled  refractory  walls. 
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(a)  For  industrial  plants,  where  pulverised  coal  cannot  be  used 
for  heat  treatment,  etc.,  the  unit  system  should  be  installed,  pro- 
vision being  made  to  prevent  hold-up  in  production  if  one  unit 
had  to  shut  down. 

(b)  Hollow  walls,  for  boilers  below  from  20,000  to  25,000  lb.  evapo- 
ration per  hour.  Water-cooled  walls  evolve  higher  first  cost, 
higher  maintenance,  also  installation  of  softeners  owing  to  hardness 
of  water. 

In  the  case  in  point,  the  total  hardness  was  25-85^,  8-35"  being 
permanent. 

(c)  Slagging.  Providing  the  CO.j  is  kept  between  12  and  14  per 
cent.  ar\d  the  flame  does  not  sweep  the  bottom  of  the  combustion 
chamber,  the  possibilities  of  slagging  are  remote. 

Mr.  R.  a.  Chattock  (Great  Britain):  My  attention  has  been  called 
to  the  statement  made  b\'  Mr.  Mackay  at  the  discussion  on  pulver- 
ised fuel  that  took  place  at  the  Fuel  Conference  on  October  1st 
(Section  M).  In  this  statement  he  said  that  the  coal  costs  at 
Birmingham  had  doubled  during  the  past  three  years.  I  was 
unfortunately  prevented  by  illness  from  being  present  at  the  dis- 
cussion referred  to,  otherwise  I  should  have  at  once  contradicted 
such  a  misleading  statement,  which  would  lead  the  public  to  believe 
that  such  an  increase  was  due  to  the  installation  of  pulverised  fuel 
in  one  of  the  Birmingham  stations.  I,  therefore,  submit  the  figures 
of  coal  cost  per  unit  sold  for  this  undertaking  during  the  last  three 
vears: — 

1926 0-243d. 

1927   0-351d. 

1928 0-229d. 

The  figures  for  the  same  period  in  Prince's  station,  Nechells,  in  which 
a  section  of  the  boilers  had  been  equipped  for  pulverised  fuel  opera- 
tion are  as  follows: — 

1926 0-198d. 

1927 0-319d. 

1928 0-195d. 

I  think  it  is  perfectly  obvious  that  the  increase  during  the  year 
1927  was  entirely  due  to  the  effect  of  the  coal  dispute  which  occurred 
in  1926-27.  It  will  be  seen  from  the  figures  for  1928  that  the  coal 
cost  is  lower  than  for  any  of  the  years  under  review,  and  this  applies 
to  a  still  greater  extent  when  comparison  is  made  witij  previous 
years. 

I  am  convinced  that  the  adoption  of  pulverised  fuel  in  Prince's 
station,  Nechells  has  been  fully  justified  and  that  when  the  recent 
installation  of  additional  boilers  in  this  station  has  been  put  into 
service,  we  shall  obtain  even  better  figures  than  those  I  have  quoted 
above. 
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the  economic  consequences  of  their  use — english  version 

(abridged) 

L'emploi  des  moteurs  aux  huiles  combustibles  provenant  du 
pétrole  naturel  a  pris  une  extension  considérable  et  cependant  elle 
semble  n'être  encore  qu'à  ses  débuts.  Aussi  le  pétrole  est  un  facteur 
fondamental  de  l'activité  humaine. 

Il  est  rarement  utilisé  à  l'état  naturel.  Comme  il  est  une  solution 
complexe  d'un  grand  nombre  d'hydrocarbures  liquides  de  volatilités 
différentes,  la  distillation  permet  de  le  partager  en  une  série  très 
large  de  produits. 

Nous  les  grouperons  en  quatre  grandes  classes: 
1° — Les  essences,  distillant  jusque  150°, 
11° — Les  pétroles  lampants,  distillant  de  150  à  300°, 
111° — Les  huiles  combustibles  lourdes  distillant  de  300  à  350°, 
IV° — Les  huiles  de  graissage,  les  paraffines,  goudrons,  etc.,  distillant 
au  delà  de  350°  ou  donnant  un  résidu  fixe. 

Suivant  les  développements  de  la  technique,  ces  diverses  classes  de 
produits  jouissent  d'une  faveur  plus  ou  moins  grande  et  se  vendent 
plus  ou  moins  cher.  Autrefois  les  pétroles  lampants  (II)  étaient 
les  plus  recherchés,  tandis  que  les  essences  et  les  huiles  lourdes 
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(I  et  III),  peu  employées,  avaient  une  faible  valeur:  souvent  elles 
étaient  rejetées. 

Actuellement,  l'application  sans  cesse  accrue  du  moteur  à  essence 
à  l'automobile  donne  une  valeur  prépondérante  à  la  classe  I. 

Le  développement  de  la  mécanique  exige  de  plus  en  plus  d'huiles 
de  graissage  (IV).  Les  pétroles  lampants  sont  devenus  peu  inté- 
ressants et  leur  valeur  ne  fera  que  diminuer,  du  fait  de  l'extension 
de  l'éclairage  électrique.  Quant  aux  huiles  combustibles  lourdes, 
très  abondantes,  il  s'en  consomme  une  partie  dans  les  moteurs  à 
combustion  interne,  diesels  ou  similaires,  tandis  que  l'excédent 
trouve  emploi,  en  concurrence  avec  les  combustibles  sohdes,  pour 
les  chauffages  industriels  et  domestiques.  Leur  surabondance  les 
déprécie,  aussi  a-t-on  recours  au  cracking  pour  les  transformer 
partiellement  en  essence. 

Le  cracking  est  une  solution  transitoire;  il  est  coûteux  et  donne  des 
essences  de  moindre  qualité.  Aussi  les  inventeurs  poursuivent 
avec  activité  la  recherche  du  moteur  pratique  à  huile  lourde,  pour 
l'automobile,  l'autotraction  et  l'aviation.  Les  difficultés  qu'ils 
recontrent  sont  très  grandes,  au  moins  pour  certaines  appHcations, 
pour  celles,  précisément,  qui  sont  les  plus  répandues. 

Elles  requièrent  comme  conditions  spéciales: 
1  ° — Le  faible  poids  du  moteur  et  celui-ci  impose  les  deux  conditions 

2°  et  3°, 
2° — La  grande  vitesse  de  rotation; 
3° — Des  pressions  modérées  dans  les  cylindres; 
4° — La  mise  en  marche  facile  et  rapide; 
5° — La  souplesse  très  grande  comportant  des  régimes  de  vitesse 

et  de  puissance  présentant  de  grands  écarts. 
6° — Le  bon  équihbrage  statique  et  d5niamique. 
7° — La  simplicité  et  le  prix  modéré. 

A  part  quelques  tentatives  peu  heureuses  d'emploi  de  l'huile 
lourde  dans  les  moteurs  à  carburateur  (ceux-ci  surchauffés,  décom- 
posent l'huile  en  effectuant  un  véritable  cracking),  les  moteurs 
employés  se  ramènent  à  deux  types  principaux:  les  diesels  purs, 
à  autocombustion  par  élévation  de  la  température  de  l'air  de  com- 
bustion par  suite  de  sa  forte  compression, — les  semi-diesels,  à 
autocombustion  par  échauffement  de  l'air,  à  la  fois  par  sa  com- 
pression et  par  son  contact  avec  une  paroi  chauffante. 

Les  premiers  exigent  de  fortes  compressions,  ils  doivent  être  très 
résistants  aux  efforts  mécaniques  et  partant,  très  lourds. 

Les  seconds  ont  un  cycle  thermique  défectueux  et  consomment 
trop  de  combustible;  au  surplus,  leur  mise  en  marche  est  difficile. 
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Au  point  de  vue  de  la  vitesse  de  rotation,  on  peut  diviser  les  moteurs 
à  huile  lourde  en  trois  classes: 

Les  moteurs  lents,  à  moins  de  500  tours  par  minute, 
Les  moteurs  demi-rapides  de  500  à  1 .000  tours; 
Les  moteurs  rapides,  de  plus  de  1 .000  tours. 

Les  moteurs  lents,  bien  que  très  coûteux,  peuvent  servir  avan- 
tageusement aux  installations  fixes,  aux  gros  navires  et  aussi,  bien 
que  difficilement,  aux  grosses  locomotives. 

Les  moteurs  demi-rapides  sont  applicables  aux  navires  de  tonnage 
moyen  et  faible,  aux  locomotives  et  aux  automotrices  sur  rails, 
aux  sous-marins,  etc. 

Seuls,  les  moteurs  rapides  conviennent  pour  les  automotrices 
légères,  les  camions,  les  autocars,  les  autobus,  les  tracteurs,  les 
automobiles  à  passagers  et  les  avions,  donc  pour  les  application  de 
beaucoup  les  plus  nombreuses. 

Les  moteurs  légers  de  bonne  qualité  l'emporteraient  en  outre  sur 
les  moteurs  demi-rapides  pour  les  locomotives,  les  automotrices  sur 
rails,  les  sous-marins  et  les  petites  embarcations;  ils  sont  moins 
lourds,  moins  encombrants  et  moins  chers.  Leur  supériorité  s'accroît 
quand  la  transmission  de  l'énergie  aux  organes  moteurs  se  fait 
électriquement,  car  les  génératrices  de  courant  bénéficient  du  même 
allégement,  de  la  même  réduction  d'encombrement  que  les  moteurs 
eux-mêmes;  leur  prix  diminue  aussi  très  fortement. 

Le  poids  par  cheval  des  moteurs,  accessoires  déduits,  ne  doit  pas 
dépasser  huit  kilos;  il  doit  descendre  à  un  kilo  pour  l'aviation. — 
Leur  encombrement  doit  être  faible. 

Les  moteurs  lents  sont  construits  excellemment  par  un  grand 
nombre  de  firmes. 

Les  moteurs  demi-rapides  ne  sont  construits  avec  succès  que  par 
quelques  firmes:  Citons  les  plus  caractéristiques  d'entre  eux: 

Moteur  M.A.N. 

Destination:  camions  et  tracteurs. 

4  temps — Diesel  pur. 

Compression:  32-36  atmosphères. 

Pour  mise  en  marche  à  froid:  il  faut  réchaufter  avec  une  lampe  à 

alcool. 
4  cylindres — Diamètre  1 1 5 — Course  1 80, 
Régime:  puissance  normale  32  CV. 

nombre  de  tours  700. 

puissance  maximum  45  CV. 

nombre  de  tours  1.000. 
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Consommation  garantie:  220  plus/  moins  10  pour  cent. 
Poids  avec  tous  les  accessoires:  705  kg. 
Prix:  7  800  marks-or. 

Description:  Zeitschrift  des  Vereines  deutscher  Ingenieure. 
1925,  p.  1125;  1926,  p.  1433. 

Moteur  Benz 
Destination:  tracteurs. 

Diesel  pur — avec  une  chambre  de  combustion  spéciale. 
Compression:  34-36  atmosphères. 
Mise  en  marche:  il  faut  employer  du  papier  spécial. 
4  temps. 

2  cylindres. — Diamètre  135 — Course  200. 
Puissance:  30  CV. 
Nombre  de  tours:  800. 
Consommation:  205  gr. 

Description:  Zeitschrift  des  Vereines  deutscher  Ingenieure.     1925, 
p.  1125. 

Moteur  Junkers 

Destination:  Camions,  tracteurs  et  moteurs  marins. 

Diesel  pur. 

Compression:  32-36  atmosphères. 

2  temps  avec  2  pistons  opposés. 

2  cylindres — diamètre  80 — course  2  fois  150. 

Régime:  puissance  normale  35  CV. 

nombre  de  tours  800. 

puissance  maximum  45  CV. 

nombre  de  tours  1.200. 
Poids  sans  volant  et  sans  démarreur:  280  kg  avec  bloc  de  cylindres 

aluminium. 
Description:  Zeitschrift  des  Vereines  deutscher  Ingenieure.     1927, 
p.  405. 

Petit  moteur  Junkers  mono-cylindre 

Diamètre  60. 

Course:    2  fois  120. 

Puissance:  8  CV. 

Nombre  de  tours:  1.000. 

Destination:  moteurs  industriels  et  marins. 

Poids:  200  kg. 

Consommation:  210  gr.  plus/moins  10  pour  cent. 

Prix:  20.000  francs  (proposition  de  la  Sté  Moteur  Chaléassière) . 
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Moteur  Beardmore 

Destination:  locomotives. 

Diesel  pur. 

4  temps. 

Compression:  35  atmosphères. 

6  cylindres. — 8}"  diamètre — 12"  course. 

Puissance:  300  CV. 

Nombre  de  tours:  750. 

Poids  1.700  kg. 

Consommation  spécifique:  220  gr. 

Description:  Engineering,  May,  1927,  p.  608. 

II  faut  y  ajouter  les  remarquables  moteurs  construits  par  les 
firmes  suisses  bien  connues  "Société  Suisse  de  Construction  de 
locomotives  et  de  machines"  et  "Sulzer  frères"  toutes  deux  à 
Winterthur;  ils  s'appliquent  spécialement  aux  locomotives  et  aux 
automotrices;  ceux  de  la  firme  française  Renaud  et  de  la  firme 
allemande  "Deutz." 

Comme  moteur  rapide,  il  n'en  existe  qu'un  seul  à  notre  connaissance, 
le  moteur  inventé  et  construit  par  Monsieur  Held,  ancien  professeur 
à  l'Ecole  polytechnique  supérieure  de  Pétrograde  et  ancien  ingénieur 
en  chef  aux  Usines  Nobel.  Ce  moteur  a  participé  au  Rallye  des 
carburants  nationaux,  de  France,  en  1927.  Nous  extrayons  du 
rapport  publié  par  Monsieur  le  Colonel  Férus,  les  données  suivantes 
basées  sur  le  contrôle  effectué  par  les  officiers  délégués  du  service 
des  transports  de  l'armée  française: 

"Le  moteur  Held  présenté  au  Rallye  était  monté  sur  un  chassis 
Citroën  B  12  avec  un  radiateur  de  forme  légèrement  modifiée.  Il 
comportait  deux  cylindres  à  deux  temps,  de  90  mm.  d'alésage, 
110  mm.  de  course,  soit  une  cylindrée  totale  d'environ  1.400  centi- 
mètres cubes 

"Sur  un  parcours  de  278  kilomètres,  les  relevés  faits  pendant  le 
contrôle  ont  donné  une  dépense  de  13,1  litres  aux  cent  kilomètres. 
Le  temps  et  la  route  étaient  très  mauvais  pendant  une  grande 
partie  du  contrôle.  Pendant  l'autre  partie,  le  terrain  était  forte- 
ment ondulé  et  la  route  passable 

"Le  poids  du  moteur  nu  est  de  100  kg,  le  poids  du  volant  est  de 
22  kg  et  celui  du  dynamoteur  28  kg.  La  voiture  du  Rallye 
chargée  de  quatre  personnes  et  de  leurs  bagages  atteignait   1.700 

kg." 

Depuis  lors,  l'inventeur  a  perfectionné  son  moteur  qui  fonctionne 
d'une  façon  parfaite  avec  une  consommation  moindre;   au  banc 
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d'essai  il  consomme  à  une  vitesse  de  1.700  tours  par  minute, 
280  grammes  de  gas  oil  ou  de  fuel  oil  par  HP  heure  avec 
les  tolérances  d'usage  (plus/moins  10  pour  cent);  il  fonctionne 
facilement  à  l'allure  de  2.000  à  2.500  tours,  développant  plus  de 
20  HP.  Monsieur  Held  prépare  actuellement  pour  le  gouvernement 
d'une  grande  puissance,  la  construction  d'un  moteur  d'avion,  de 
600  HP,  dont  le  poids  sera  de  700  kg. 

Le  moteur  rapide  permettra  la  solution  de  tous  les  problèmes  de 
traction  et  d'aviation  et  on  peut  en  attendre  une  grande  et  très 
prochaine  révolution  dans  les  moyens  de  transport. 


Résimions  les  principaux  avantages  de  la  substitution  des  moteurs 
à  huile  lourde  aux  moteurs  à  essence,  et  dans  certains  cas,  aux 
moteurs  à  vapeur. 

(a)  La  consommation  de  combustible  en  argent  par  rapport  à 
l'essence  est,  suivant  les  cas,  de  3  à  6  fois  plus  faible. 

{b)  En  poids,  elle  est  réduite  à  0,8  et  jusque  0,5  de  celle  de  l'essence. 

(c)  Comparée,  pour  les  locomotives,  à  celle  du  charbon,  elle  est 
souvent,  en  argent,  sensiblement  moindre;  en  poids,  elle  est  au 
moins  6  fois  moindre.  Mais  la  consommation  d'eau  étant  nulle, 
la  charge  morte  à  transporter  est  de  25  à  40  fois  moindre  que  sur 
les  locomotives  charbon-vapeur.  Le  rayon  d'action  des  locomotives 
et  automotrices  à  l'huile  lourde  peut  de  ce  chef  atteindre,  sans 
ravitaillement,  des  miUiers  de  kilomètres.  Elles  rendent  possible 
la  traversée  de  régions  dépourvues  d'eau.  Les  heures  d'utilisation 
annuelle  sont  à  peu  près  doublées.  Dans  presque  tous  les  cas,  les 
frais  d'exploitation  sont  moindres  qu'avec  les  tracteurs  à  vapeur 
ou  électriques. 

{d)  Pour  l'aviation,  les  économies  de  combustible,  en  argent,  sont 
plus  marquées  encore  par  rapport  à  l'essence  et  le  danger  d'incendie 
écarté  donne  une  sécurité  presque  aussi  grande  à  la  voie  des  airs 
qu'aux  voies  terrestres. 

{é}  Pour  la  traction  sur  route  la  dépense  de  combustible,  par  rapport 
à  l'essence,  est  réduite  au  tiers  et  même  au  cinquième,  ce  qui  est 
tout  à  fait  primordial  pour  les  transports  pondéreux. 


Les  conséquences  économiques  principales  à  résulter  de  la  diffusion 
des  moteurs  à  huile  lourde  aux  transports  et  à  résulter  tout  parti- 
cuHèrement  de  l'emploi  généralisé  des  moteurs  rapides,  sont  les 
suivantes:         ^. 
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Le  problème  mondial  du  pétrole  se  posera  d'ime  façon  toute 
nouvelle.  Actuellement,  à  part  une  consommation  assez  faible 
d'huile  combustible  lourde  pour  les  moteurs  diesels,  l'essence  est 
pratiquement  seule  utilisable  à  l' autotraction  et  à  l'aviation;  mais 
l'essence  ne  représente  que  15  pour  cent  environ  de  la  quantité 
totale  du  pétrole  extrait:  par  le  moteur  rapide  à  huile  lourde,  65 
à  70  pour  cent,  donc  4  à  5  fois  plus,  seront  utilisables  à  l'autotraction 
et  à  l'aviation. 

La  distillation  du  pétrole  brut  pourra  être  simplifiée  pour  ime  grosse 
partie  de  la  production,  car  tous  les  produits  des  classes  II  et  III 
peuvent  constituer  un  groupe  unique  convenant  aux  moteurs  à 
huile  lourde. 

Le  cracking  deviendra  complètement  inutile;  l'essence  de  distillation 
continuera  à  être  employée  pendant  longtemps  dans  im  grand 
nombre  d'automobiles  à  passagers  et  autres,  et  suffira  à  cette  fin. 

Les  huiles  plus  ou  moins  lourdes  devenues  utilisables  à  l'auto- 
traction et  à  l'aviation,  par  suite  de  leur  masse  prépondérante,  conser- 
veront un  prix  modéré. 

La  lutte  entre  le  chemin  de  fer  et  la  route  va  devenir  de  plus  en 
plus  favorable  à  celle-ci  et  le  chemin  de  fer  pour  se  défendre  contre 
le  moteur  à  huile  lourde  sera  amené  à  y  recourir  lui-même. 

Les  chemins  de  fer  serviront  surtout  aux  transports  à  grande 
distance,  des  marchandises  pondéreuses  aussi  bien  que  des  voyageurs. 

L'améhoration  des  routes  existantes  et  la  création  d'autos  trades 
constituera  bientôt  une  très  importante  branche  d'activité. 

L'aviation  gagnera  en  sécurité,  tandis  que  le  prix  de  revient  des 
transports  aériens  sera  fortement  diminué. — L'aviation  commerciale 
deviendra  plus  abordable  pour  le  transport  des  voyageurs,  du 
courrier  postal  et  d'une  catégorie  assez  large  de  marchandises. 

Le  moteur  rapide  à  huile  lourde  constituera  donc  un  progrès 
de  toute  première  importance;  il  mérite  selon  nous  de  retenir  la 

plus  grande  attention  de  la  part  de  World  Fuel  Conference. 
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M.    Verdickt,     Ingénieur    à    la    Compagnie    financière    belge    des    pétroles, 

4  rue  Wappers,  Anvers. 
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INFLUENCE  OF  THE  USE  OF  THE  HEAVY  OIL  ENGINE  UPON" 
WORLD  ECONOMY  OF  COMBUSTIBLE  LIQUIDS 

(ENGLISH  VERSION ABRIDGED) 

Petroleum  is  rarely  used  in  its  natural  state.  As  it  consists  of  a  complex 
mixture  of  hydrocarbons  of  widely  varying  volatility  it  is  possible  to  separate 
it  by  distillation  into  a  large  number  of  different  fractions.  The  fractions 
generally  taken  can  be  grouped  as  follows: 

(1)  Gasoline,  distilling  up  to  150°C., 

(2)  Illuminating  oils — kerosene — distilling  between   150'  and  300°C., 

(3)  Heavy  fuel  oils  distilling  between  300°  and  350"C.  and 

(4)  Lubricating  oils,  wax,  pitch,  etc.,  distilling  above  350'  C.  or  leaving  a 
solid  residue. 

Each  group  of  products  has  a  specific  use,  which  determines  its  value. 
Formerly,  the  illuminating  oils  were  the  most  valuable,  while  the  gasoline 
and  gas  oil  fractions  were  in  little  demand  and  were  rejected.  The  rapid 
development  of  the  automobile  has,  however,  rendered  the  gasoline  fraction 
the  most  valuable  while  the  value  of  kerosene,  owing  to  the  extensive  use  of 
electricity  for  lighting  purposes,  has  considerably  diminished.  Similarly 
the  development  of  the  automobile  has  created  an  enormous  demand  for 
lubricating  oils.  The  supply  of  fuel  oil  is  still,  however,  far  in  excess  of  the 
demand  and,  although  some  is  used  in  internal  combustion  engines,  the  greater 
part  is  employed  as  fuel  for  heating  purposes.  Its  value  is,  therefore,  Ioav 
although  it  is  possible  by  cracking  to  convert  it  into  the  more  valuable  gasoline. 

Cracking  is,  however,  only  a  transitory  solution;  not  only  is  it  expensive  but 
the  gasoline  produced  is  of  poor  quality.  Attention  is  therefore  now  being 
turned  to  designing  heavy  oil  engines  suitable  for  automobiles  and  aircraft. 
The  difficulties  to  be  overcome  are,  however,  very  great.  The  special 
conditions  required  of  engines  for  this  type  of  work  are: 

(1)  Low  weight,  which  imposes  the  second  and  third  conditions. 

(2)  High  speed  of  rotation. 

(3)  Moderate  compression. 

(4)  Easy  and  rapid  starting. 

(5)  Great  flexibility  with  speed  and  acceleration. 

(6)  Good  static  and  dj-namic  balance. 

(7)  Simplicity  and  low  price. 

With  the  exception  of  a  few  attempts  to  use  heavy  oils  in  carburettor  engines, 
the  heavy  oil  engines  can  be  divided  into  two  classes  (a)  the  Diesel,  in  which 
combustion  results  from  the  high  temperature  of  the  air  produced  on  com- 
pression and  (b)  the  semi-Diesels,  in  which  the  air  is  heated  by  contact  Avith 
a  hot  wall  as  well  as  by  compression.  The  first  type  of  engine  requires  a  high 
compression  and  is,  therefore,  very  heavy.  The  second  type  employs  an 
inefficient  thermodynamical  cycle  and  consumes  too  much  fuel;  starting  is  also 
difficult. 

From  the  point  of  view  of  speed,  heavy  oil  engines  may  be  divided  into  three 
classes: 
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(a)  Low-speed  engines,  less  than  500  r.p.m. 

(6)  Moderate-speed  engines,  between  500  and  1,000  r.p.m.,  and 

(c)   High-speed  engines,  more  than  1,000  r.p.m. 

The  low-speed  engine,  besides  being  expensive,  can  only  be  employed  ad- 
vantageously for  land  installations,  large  boats  and,  less  easily,  for  large 
locomotives. 

Moderate-speed  engines  can  be  used  for  medium  and  small  vessels,  rail-cars, 
submarines,  etc.  High-speed  engines  are  useful  for  light  rail-cars,  tractors, 
omnibuses,  aircraft  and  so  on;  the  possible  applications  of  these  engines 
are,  therefore,  the  most  numerous. 

Light  engines  can  also  be  employed  for  locomotives,  rail-cars,  submarines 
and  small  vessels.  They  are  lighter,  less  cumbersome  and  cheaper  than  the 
moderate-speed  engines;  their  superiority  is  particularly  marked  when  electrical 
transmission  is  employed.  The  weight  per  horse-power  without  accessories 
should  not  be  above  8  Kg.  and  should  be  as  low  as  1  Kg.  per  horse-power  for 
aircraft.     The  accessories  should  also  be  light. 

Although  excellent  slow-speed  engines  are  constructed  by  numerous  firms, 
only  certain  firms  are  successful  in  constructing  the  medium-speed  engines. 
The  best-known  of  these  include: 

M.A.N.  Engine 

Uses:  lorries  and  tractors. 

Type:  4-stroke  Diesel. 

Compression:  32-36  atms. 

Starting  from  cold:  by  means  of  an  alcohol  lamp. 

Description:  four  cylinders;  bore,  115  mm.;  stroke,  180  mm. 

Output:  Normal  output  32  h.p.  at  700  r.p.m.       Maximum  output  45  h.p.  at 

1,000  r.p.m. 

Consumption  guaranteed:  220  gm.  (  +  10  per  cent.)  per  horse-power-hour. 

Weight  including  accessories:  705  Kg. 

Price:  7,800  Goldmarks. 

Described  in  the  "Zeitschrift  des  Vereines  deutscher  Ingenieure  1925,"  p.  1 1 25; 

1926,  p.  1433. 

Benz  Engine 

Uses:  Tractors. 

Type:  4-stroke  Diesel  with  special  type  of  combustion  chamber. 

Compression:  34-36  atms. 

Starting:  a  special  paper  is  used. 

Description:  two  cylinders;  bore,  135  mm.;  stroke,  200  mm. 

Output:  30  h.p.  at  800  r.p.m. 

Consumption:   205  gm.  per  horse-power-hour. 

Described  in  the  "Zeitschrift  des  Vereines  deutscher  Ingenieure,  1925,"  p.  1, 125. 

Junkers  Engine 

Uses:  lorries,  tractors  and  boats. 

Type:  2-stroke  with  opposed  pistons;  Diesel. 

Compression:  32-36  atmos. 

Description:  two  cylinders;  bore,  80  mm.;  stroke,  2x  150  mm. 

Output:   Normal  output  35  h.p.  at  800  r.p.m.     Maximum  output  45  h.p.  at 

1,200  r.p.m. 
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Weight  without  flywheel  and  starter:  280  Kg.  with  aluminium  cylinder  block. 

Described  in  the  "Zeitschrift  des  Vereines  deutscher  Ingenieure,  1927,"  p.  405. 

Small  Single-cylinder  Junkers  Engine 

Uses:  For  industrial  and  marine  work. 

Description:  bore,  60  mm.;  stroke,  2  x  120  mm. 

Output:  8  h.p.  at  1,000  r.p.m. 

Weight:  200  Kg. 

Consumption:  210  gm.  (±10  per  cent.)  per  horse-power-hour. 

Price:  20,000  francs. 

Beardmore  Engine 

Uses:  locomotives. 

Type:  4-stroke  Diesel. 

Compression:  35  atmos. 

Description:  six  cylinders;  bore,  8 J  in.;  stroke,  12  in. 

Output:  300  h.p.  at  750  r.p.m. 

Weight:  1,700  Kg. 

Consumption  specified:  220  gm.  per  horse-power-hour. 

Described  in  Engineering.   1927,  May,  p.  608. 

Several  other  well-known  firms  also  produce  excellent  engines  of  this  type. 

The  only  high-speed  engine  at  present  known  is  that  designed  and  constructed 
by  Held,  who  was  formerly  professor  at  the  Ecole  polytechnique  supérieure, 
Petrograd,  and  chief  engineer  of  the  Usines  Nobel.  This  engine  was  demon- 
strated at  the  "Rallye  des  carburants  nationaux"  held  in  France  in  1927.  In 
a  report  based  on  the  data  obtained  by  French  Army  Officers  it  was  stated 
that  the  engine  was  mounted  in  a  B.  1 2  Citroën  chassis  and  had  practically 
a  standard  radiator.  The  engine  was  a  two-stroke  and  had  two  cylinders  of 
90  mm.  bore  and  110  mm.  stroke;  the  volume  was  approximately  1,400  c.c. 
It  was  also  stated  the  consumption  averaged  13-1  litres  per  100  Km.  over  a. 
course  of  278  Km.  For  the  greater  part  of  this  run  the  weather  and  roads, 
were  very  bad  while  for  the  rest  the  roads  were  undulatory  although  passable. 
The  weight  of  the  engine  alone  was  100  Kg.,  that  of  the  flywheel  22  Kg.  and 
of  the  dynamotor  28  Kg.  The  car  with  four  passengers  and  personal  luggage- 
weighed  1,700  Kg. 

Since  the  Rallye  the  inventor  has  perfected  the  engine,  and  reduced  the 
consumption;  on  the  test  bench,  the  new  engine  consumes  280  gm.  (±10  per 
cent.)  per  horse-power-hour  at  1,700  r.p.m.  and  at  2,000-2,500  r.p.m.  develops 
20  h.p.  Held  is  actually  constructing  an  aircraft  engine  capable  of  developing 
600  h.p.  and  weighing  only  700  Kg. 

The  high-speed  heavy  oil  engine  will  solve  all  the  problems  of  transport  by 
road  and  by  air;  a  revolution  in  the  means  of  transport  may  therefore  be 
expected  in  the  near  future. 

The  principal  advantages  of  the  heavy  oil  engine  over  the  gasoline  engine 
and,  under  certain  conditions,  over  the  vaporising  oil  engine  may  be  sum- 
marised as  follows: 

(a)  The  cost  of  the  fuel  consumption  compared  with  that  of  gasoline  is  three- 
to  six  times  less,  depending  upon  the  conditions. 

(b)  In  weight,  the  consumption  is  reduced  to  0-8  and  even  to  0-5  of  that  ot 
gasoline. 
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(c)  The  fuel  cost  for  locomotives,  compared  with  that  of  coal,  is  noticeably 
less;  in  weight  the  consumption  is  at  least  six  times  less.  As,  however,  there 
is  no  water  consumption,  the  dead  weight  carried  is  as  much  as  twenty-five 
to  forty  times  less  than  with  steam  locomotives.  The  radius  of  action  of 
heavy  oil  locomotives  and  rail-cars,  therefore,  reaches  thousands  of  kilometres 
without  re-fuelling,  and  arid  regions  can  be  crossed.  The  time  of  operation 
each  year  is  nearly  doubled,  and  in  almost  every  case  the  running  costs  are 
less  than  with  steam  and  electric  tractors. 

{d)  For  aviation,  the  saving  in  fuel  cost  compared  with  that  of  gasoline 
is  very  marked,  while  the  fire  danger  is  almost  entirely  absent. 

(e)  For  road  transport  the  fuel  consumption  compared  with  that  of  petrol 
is  reduced  to  one-third  or  even  one-fifth. 

The  principal  economic  consequences  of  the  use  of  heavy  oil  engines  for 
transport  and,  more  particularly,  the  general  use  of  high-speed  engines  will 
be  as  follows: 

The  world-wide  problem  of  petroleum  will  be  changed.  At  present,  with 
the  exception  of  a  small  proportion  of  heavy  oil,  only  gasoline  is  used  for 
automobiles  and  aircraft;  as  this  gasoline  represents  approximately  1 5  per  cent, 
of  the  total  quantity  of  petroleum  produced  while  the  heavy  oil  represents 
65  to  70  per  cent.,  between  four  and  five  times  as  much  fuel  will  be  available 
for  traction  and  aviation. 

Crude  oil  distillation  can  also  be  simplified  because  the  whole  of  the  fractions 
included  under  (2)  and  (3)  (see  above)  can  be  employed  for  heavy  oil  engines. 

Cracking  will  become  unnecessary;  gasoline  will  still  continue  to  be  used  for 
some  time  in  many  passenger  automobiles,  but  there  will  be  sufiicient  for  this 
purpose.  The  abundant  supply  of  the  heavy  oils  will  ensure  a  moderate 
price. 

The  struggle  between  the  railway  and  the  road  will  move  more  and  more 
in  favour  of  the  road  with  the  result  that,  in  order  to  defend  itself  against  the 
heavy  oil  engine,  the  railway  will  have  adopted  the  same  prime  mover.  The 
chief  use  of  the  railway  will  be  for  transporting  heavy  goods  and  passengers 
over  considerable  distances. 

Aviation  will  gain  in  security  while  the  cost  of  air  transport  will  be  consider- 
ably decreased.  Commercial  aviation  will  be  used  more  freely  for  the 
transport  of  passengers  and  mails  as  well  as  for  merchandise. 
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In  the  following  paper  the  exhaust  turbine-driven  supercharged 
engine,  the  latest  development  in  Diesel  engine  design,  is  described. 
The  principle  is  similar  to  that  of  the  compound  steam  engine  in 
which  the  steam  passes  through  from  two  to  four  successive  stages, 
although  in  the  internal  combustion  engine  there  are  only  two 
stages  in  which  the  gases  do  work.  With  few  exceptions  steam  engines 
are  built  as  compound  engines,  because  the  division  of  the  fall  in 
temperature  and  pressure  into  several  stages  results  in  decreased 
heat  losses  and  clearance  volumes.  The  use  of  smaller  diameters 
for  the  high-pressure  cylinders  than  for  the  low-pressure  cylinders 
reduces  the  strain  on  the  gearing.  The  economical  performance  of 
the  steam  turbine,  with  its  greater  or  lesser  number  of  successive 
pressure  or  velocity  stages,  is  due  to  the  same  principle.  Not  only 
are  steam  turbines  employing  a  large  number  of  successive  stages 
economical,  but  they  give  a  good  performance  and  can  be  run  at  a 
much  lower  velocity.  For  this  reason  the  diameter  of  the  impellers 
can  be  reduced  and  the  blade  length  increased,  which  results  in  still 
further  economy. 

During  the  early  stages  of  the  development  of  the  internal  com- 
bustion engine,  principles  were  appHed  to  it  which  had  been  found 
to  give  good  results  with  other  engines.  An  attempt  to  apply  the 
principle  of  the  compound  steam  engine  to  the  exhaust  gases  failed, 
however,  owing  to  the  very  different  conditions  which  obtain  in 
internal  combustion  engines.    At  the  time,  the  steam  turbine  had 
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not  been  developed,  but  recently  it  has  been  found  that  the  exhaust 
gases  can  be  made  to  drive  a  turbine  with  excellent  results.  The 
method  by  which  the  exhaust  gases  from  a  large  four-stroke  Diesel 
engine  have  been  made  to  drive  a  turbine  supercharger  is  described 
below.  This  turbine  does  not  do  any  external  work,  but  only  drives 
the  supercharger;  it  is  erected  quite  independently  of  the  engine. 

Fig.i       Jdeal  Ehtropy  Diaqrams. 
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Fis.   1. 


The  output  of  a  Diesel  engine  is  determined  b}-  the  amount  of  air 
in  the  cylinders  during  the  combustion  period.  In  order  to  bring 
about  ignition  of  the  fuel,  this  air  is  compressed;  the  amount  of  air 
present  increases  directly  with  the  absolute  pressure  and  indirectly 
with  the  absolute  temperature  at  which  it  is  introduced  into  the 
cylinder.  The  importance  of  the  initial  air  temperature  is  illustrated 
b}'  the  fact  that  a  reduction  of  90°F.  would  result  in  a  14  per  cent. 
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(by  weight)  increase  in  the  air  charge,  which,  if  the  maximum  tem- 
perature is  kept  the  same,  would  allow  14  per  cent,  more  fuel  to 
be  burnt,  with  a  corresponding  increase  in  the  output. 

The  chief  features  of  the  exhaust  turbine  supercharged  Diesel 
engine  are  shown  by  means  of  entropy  diagrams  in  Fig.  1 . 

The  ideal  working  cycles  of  these  engines  are  shown  in  diagrams 
V  and  VI,  while  I  and  I'  are  entropy  diagrams  of  a  steam  engine. 
The  inlet  pressure  of  the  steam  and  the  corresponding  temperature 
were  213-5  lb.  per  sq.  in.,  and  608°F.  respectively  for  diagram  F, 
and  710  lb.  per  sq.  in.  and  842°F.  for  diagram  F.  II  is  the  entropy 
diagram  of  an  explosion  gas  turbine  with  a  compression  of  19-8  lb. 
per  sq.  in.  (absolute)  and  a  maximum  pressiire  of  96-7  lb.  per  sq.  in. 
(absolute).  Ill  is  the  diagram  of  an  internal  combustion  engine 
with  a  purely  explosive  cycle  in  which  an  adiabatic  compression, 
almost  to  the  explosion  temperature  of  the  mixture,  is  followed  by 
combustion  at  constant  volume,  and,  after  an  adiabatic  expansion, 
exhaust  at  constant  pressure.  IV  shows  the  ideal  entropy 
diagram  of  an  ordinary  Diesel  engine.  The  air  in  the  combustion 
cylinders  is,  at  the  end  of  the  compression  stroke,  at  a  higher  tem- 
perature (1013°F.)  than  the  ignition  temperature  of  the  fuel.  Com- 
bustion takes  place  at  constant  pressure  and  is  followed  by  an 
adiabatic  expansion. 

Now,  in  a  supercharged  Diesel  engine  (diagrams  V  and  VI),  the  air 
charge  is  forced  into  the  cylinder  under  pressure.  The  compression 
line  in  the  entropy  diagram,  therefore,  commences  more  to  the  left 
than  in  the  ordinary  Diesel  or  explosion  cycle.  If  the  maximum 
pressure  of  569  lb.  per  sq.  in.  is  to  be  maintained,  as  shown  in 
diagram  V,  combustion  for  diagrams  IV  and  V  must  follow  the  same 
constant  pressure  line,  and  V  must,  therefore,  commence  more  to  the 
left.  Intheexhaust  turbine  supercharged  internal  combustion  engine, 
the  exhaust  gases  pass  through  the  exhaust  valves  at  a  pressure  above 
atmospheric  and  do  work  in  the  turbine.  As  they  leave  the  turbine  at 
atmospheric  pressure,  no  loss  of  energy  occurs.  The  amount  of  heat 
transformed  into  work  is,  therefore,  higher  than  in  any  known  type 
of  internal  combustion  engine.  At  a  supercharging  air  pressure  of 
21-3  lb.  per  sq.  in.  (absolute)  and  an  input  of  39,700  B.Th.U.'s,  the 
efficienc}^  is  50  per  cent.,  corresponding  with  an  output  of  19,850 
B.Th.U.'s  mechanical  work.  It  is  obvious  that  the  ideal  thermal 
efficiency  (thermodynamical  efficiency)  can  be  improved  by  moving 
the  compression  line  in  the  diagram  to  the  left  and  expanding  to  the 
atmospheric  line.   In  fact,  it  would  be  interesting  to  investigate  how 
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far  the  economy  and  the  performance  of  an  internal  combustion 
engine  can  be  improved  in  this  way.  Diagram  VI  gives  some  indica- 
tions; assuming  an  isothermal  charging  pressure  of  42-7  lb.  per  sq.  in. 
(gauge),  i.e.,  56-9  lb.  per  sq.  in.  (absolute),  7,000  B.Th.U.'s  of 
thermal  energy  out  of  10,000  B.Th.U.'s  can  be  transformed  into 
mechanical  work  corresponding  with  a  thermal  efficiency  of  70  per 
cent.  This  example  shows  how  the  thermal  efficiency  may  be 
increased  and  clearly  indicates  the  advantages  to  be  gained  by  the 
use  of  higher  pressures  similar  to  those  used  in  steam  engine  practice. 
Having  described  the  theoretical  possibilities  of  the  exhaust 
turbine  supercharged  internal  combustion  engine,  the  following  is 
an  account  of  the  results  obtained  in  practice. 


À  '  'J 


Fig.  2. 

In  Fig.  2,  three  indicator  diagrams  are  shown;  {a)  for  an  ordinary 
four-stroke  Diesel  engine,  and  (b)  and  (c)  for  a  similar  engine  with 
exhaust  turbine  supercharging.  The  differences  between  the  former 
and  the  two  latter  diagrams  are: — 

(1)  The  inlet  line  is  above  atmospheric  pressure. 

(2)  The  compression  is  smaller  in  order  that  the  maximum 
pressure  does  not  exceed  570  lb.  per  sq.  in, 

(3)  The  combustion  lasts  longer,  the  expansion  line  {b)  and  (c) 
lying  more  to  the  left  so  that  the  whole  diagram  is  larger. 
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(4)  The  pressure  during  the  exhaust  stroke  is  higher  and  equal 

to  the  pressure  in  front  of  the  turbine. 

Fig.  3  shows  the  entropy  diagram  for  an  increased  engine  output  of 

50  per  cent.   Compression  commences  at  (1),  with  a  temperature  of 

582°F.  and  a  pressure  of  3-55  lb.  per  sq.  in.  (gauge),  and  ends  at  (2). 

Combustion  takes  place  from  (2)  to  (3)  and  expansion  from  (3)  to  (4). 

(4)  is  not  bottom  dead  centre  but  the  end  of  the  expansion  when  the 
exhaust  gases  pass  into  the  manifold  to  be  conveyed  to  the  turbine. 

The  way  in  which  this  change  of  state  occurs  can  be  explained 
simply  as  follows: — The  pressure  in  the  cylinder  drops  instantane- 
ously to  that  in  front  of  the  turbine,  at  constant  volvune,  which 
results  in  the  high  velocity  with  which  the  exhaust  gases  pass  into 
the  exhaust  manifold,  where  the  kinetic  energy  is  again  transformed 
into  heat.  In  the  entropy  diagram  this  change  of  state  at  constant 
volume  is  represented  by  (4)  to  (5),  and  that  at  constant  pressure  by 

(5)  to  (6).  Assuming  an  ideal  change  of  state,  the  heat  content 
(5') -(5) -(4) -(4')  -(5')  must  be  equal  to  (6) -(5) -(5') -(6') -(6). 
The  point  corresponding  to  any  fall  in  pressure  can  be  found  by 
plotting  the  line  of  constant  heat  content  through  the  point  (4). 
In  practice  there  are  heavy  heat  losses,  especially  in  the  exhaust 
valve  and  the  exhaust  elbow  adjacent  to  the  cylinder  head.  The 
point  (7)  shows  the  mean  state  of  the  exhaust  gases  at  the  turbine 
inlet,  after  which  they  expand  in  the  turbine  to  atmospheric 
pressure,  represented  by  (8). 

From  this  point  no  pressure  energy  is  available  and  only  heat 
can  be  recovered.  The  average  temperature  is  roughly  660°F., 
so  that  with  a  boiler  efficiency  of  60  per  cent.,  2  lb.  of  steam  per 
B.H.P.  per  hour  can  be  produced. 

The  explanation  of  the  50  per  cent,  increase  in  output,  made 
possible  by  supercharging  at  only  3-55  lb.  per  sq.  in.  (gauge),  is  as 
follows: — The  conditions  of  intake  and  exhaust  are  quite  different 
in  an  exhaust  turbine  supercharged  engine  from  those  in  an  ordinary 
engine,  although  this  is  not  shown  on  the  indicator  diagram  because 
the  scale  of  the  spring  is  not  suitable  for  the  purpose.  The  timing  of 
the  inlet  and  exhaust  valves  is  so  chosen  that  the  efficiency  of 
admission  and  exhaust  are  as  good  as  possible;  this  is  done  by  con- 
trolling the  pressure  between  the  engine  and  the  turbine.  The 
pressure  variations  for  a  four-cylinder  engine  are  to  be  seen  in  the 
weak  spring  diagram.  Fig.  4,  in  which  the  pressure  in  the  exhaust 
manifold  in  front  of  the  turbine  and  the  pressure  in  the  intake 
manifold  between  the  blower  and  the  engine  are  plotted  against  the 
crank-angle.    Graph   p^  shows  the  pressure  variation  behind  the 
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exhaust  valve,  and  /)„  in  front  of  the  inlet  valve;  the  latter  is 
practically  constant,  the  pressure  in  front  of  the  turbine  shows  a 
considerable  variation  with  a  minimum  in  the  neighbourhood  of 
top  dead  centre,  i.e.,  at  a  crank  angle  of  180^  40°  later  the  pres- 
sure ahead  of  the  turbine  reaches  the  charging  air  pressure  and  is 
followed  by  a  maximum,  passing  through  the  minimum  again  at 
the  top  dead  centre  of  another  cyhnder.  This  period  of  variation  is 
180°  crank  angle  for  a  four-cylinder  engine.    As  the  lowest  pressure 
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Fig.  4.    Exhaust  Gas  and  Charging  Air  Pressure  Diagrams,  Bûchi  System 
of  Turbo   Charging. 

is  at  the  end  of  the  exhaust  stroke,  it  is  obvious  that  the  weight  of 
the  residual  exhaust  gases  is  then  also  at  a  minimum,  which  makes  it 
possible  to  scavenge  the  combustion  cylinders  with  charging  air, 
the  pressure  of  which  is,  at  that  moment,  the  pressure  in  front  of 
the  turbine.  The  scavenging  occurs  between  the  points  marked 
A  and  B;  relatively  cold,  compressed  air  enters  through  the  inlet 
valves,  sweeps  the  combustion  space  and  leaves  through  the  exhaust 
valves,  thereby  clearing  the  cylinder  and  cooling  the  cylinder  walls, 
piston  head  and  valves.  It  is  owing  to  this  cooling  effect  that  it  is 
possible  to  get  such  a  low  temperature  at  the  beginning  of  the  com- 
pression stroke.  The  scavenging  is,  therefore,  of  the  greatest  import- 
ance in  determining  the  mean  temperature  of  the  cycle,  which,  in  a 
Diesel  engine  fitted  with  exhaust  turbine  supercharging,  is  relatively 
low,  and  the  increase  in  output  and  overload  capacity.  It  has  already 
been  stated  that  the  temperature  at  the  beginning  of  the  compression 
stroke  in  a  supercharged  engine  is  low,  but  the  pressure  higher  ;  it 
therefore  follows  that,  to  obtain  the  same  maximum  pressure,  a  lower 
compression  ratio  must  be  used,  with  the  result  that  the  increase  in 
temperature  on  compression  is  correspondingly  lower.  As  the  air  fuel 
ratio  is  still  the  same,  it  is  obvious  that  the  increase  in  temperature  on 
combustion  must  be  the  same  and,  that  with  the  same  excess  of  air,  the 
maximum  temperature  produced  decreases  with  the  compression  ratio. 
The  temperatures  reached  during  expansion  and  exhaust  are  the 
same  for  both  types  of  engine,  but  at  the  commencement  of  the 
scavenging  the  temperature  in  the  supercharged  engine  is  lower  than 
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that  generally  found  in  Diesel  engine  practice.  From  these  con- 
siderations it  can  be  seen  that  the  mean  temperature  of  the  exhaust- 
driven  supercharged  Diesel  cycle  must  be  somewhat  lower  than  that 
of  the  ordinary  four-cylinder  engine. 

The  conditions  are  very  much  worse  in  the  two-stroke  engines. 
Combustion  occurs  in  each  cylinder  at  every  revolution,  and  the 
efficiency  of  scavenging  is  very  much  poorer  than  in  a  four-stroke 
engine  because  it  takes  place  at  bottom  instead  of  top  dead  centre, 
with  the  result  that,  in  spite  of  the  large  excess  of  scavenging  air 
employed,  a  considerable  part  of  the  exhaust  gas  is  not  swept  out 
of  the  cylinder. 

The  main  results  obtained  with  an  exhaust  turbine  supercharged 
six-cylinder  four-stroke  Diesel  engine  having  a  bore  of  22^  in. 
(560  mm.)  and  a  stroke  of  251%  in.  (640  mm.)  are  shown  in  Fig.  5. 
The  engine  was  built  by  the  Swiss  Locomotive  and  Machine  Works, 
Winterthur  (Switzerland),  and  the  tests  carried  out  by  Prof.  A. 
Stodola,  of  the  Swiss  University  of  Engineering  Science. 

The  load  was  varied  from  100-5  to  1,630  B.H.P.,  and  was  double 
the  normal  output  of  an  ordinary  Diesel  engine  of  the  same  dimen- 
sions running  at  the  same  speed  (approx.  169  R.P.M.).  The  turbine 
and  blower  were  built  by  Brown,  Boveri  &  Co.,  Baden  (Switzerland), 
and  ran  at  between  2,120  and  6,178  R.P.M.,  the  speed  increasing 
automatically  with  the  load  on  the  engine. 

At  100-5  B.H.P.  the  pressure  at  the  delivery  of  the  blower  was 
0-355  lb.  per  sq.  in.  (gauge),  and  at  1,630  B.H.P.  7-11  lb.  per  sq.  in. 
(gauge).  Corresponding  with  the  alteration  in  the  turbine  speed 
under  increasing  load,  the  air  pressure  also  increased.  In  con- 
sequence, the  air  intake  temperature  varied  from  76-8°  to  162-7°F., 
and  the  exhaust  temperatures  from  271-4°  to  833°F.  An  idea  of  the 
mean  temperature  can  be  obtained  from  the  heat  carried  away  by 
the  cooling  water;  this  was  found  to  be  954  B.Th.U.  p.B.H.P.hr.  from 
the  cylinder  head  and  jacket  when  developing  1,253-5  B.H.P.  The 
heat  losses  from  a  similar  Diesel  engine  developing  50  per  cent,  less 
power  are  very  much  greater.  At  lower  loads,  the  pressure  in  front 
of  the  turbine  is  higher  than  that  of  the  charging  air  pressure  but 
owing  to  the  higher  pressure  developed  and  to  the  higher  exhaust 
gas  temperature,  this  is  reversed  at  higher  loads.  The  temperatures 
at  the  inlet  of  the  turbine  varied  from  417°  to  1,01 1  •4°F.,  and  were 
very  much  higher  than  the  temperatures  behind  the  exhaust  valves. 
This  was  on  account  of  the  high  velocity  with  which  the  gases  pass 
through  the  valve  and  the  scavenging  effect  of  the  relatively  cold 
air  at  the  moment  when  the  exhaust  valve  closes.  The  temperatures 
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SWITZERLAND:    DIESEL    ENGINES    WITH    SUPERCHARGERS 

behind  the  turbine  varied  from  310-8°  to  840 •9°F.  The  drop  in 
temperature  in  the  turbine  was,  therefore,  not  excessive,  and  the 
exhaust  gases  still  retained  sufficient  heat  to  be  used  in  a  waste  heat 
boiler.  The  fuel  consumption  was  0-533  lb.  per  B.H.P.  per  hour  at 
\  load,  0-398  lb.  per  B.H.P.  per  hour  at  full  load,  and  increased  a 
further  7  per  cent,  when  running  at  30  per  cent,  overload.  At  low 
loads  the  fuel  consumption  is  low,  and  averages  roughly  5-10  per 
cent,  less  than  that  of  an  ordinary  Diesel  of  similar  size  and  design. 
When  compared  with  a  two-stroke  engine,  the  fuel  consumption  in  a 
supercharger  engine  is  approximately  8  per  cent.  less. 
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Fig.  6  shows  the  heat  balance,  the  separate  items  being  represented 
as  percentages  of  the  heat  capacity  of  the  fuel.  For  example,  at 
full  load,  35  per  cent,  of  the  heat  is  converted  into  effective  mechani- 
cal work,  ca.  13  per  cent,  is  carried  away  by  the  cooling  water  from 
the  cylinder  head,  V2  per  cent,  is  lost  in  the  cooling  water  from  the 
exhaust  valve  cage,  2-95  per  cent,  is  consumed  by  the  compressor, 
while  40-1  per  cent,  is  retained  by  the  exhaust  gases  and  made  to 
do  further  work.   The  large  amount  of  heat  in  the  exhaust  gases  is 
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not  quite  lost  in  the  turbine-driven  supercharged  engines,  as  a 
fraction  of  it  is  used  to  drive  the  turbine  and,  therefore,  the  blower, 
which  enables  the  engine  to  give  a  higher  output. 

The  influence  of  exhaust  turbine  supercharging  can  be  shown  very 
clearly  at  f  load  by  running  the  engine  with  and  without  the  turbine. 
This  can  be  done  by  bye-passing  the  turbine.  With  the  engine  tested 
ataconstant  load  of  approximately  850  B.H.P.,  the  temperature  past 
exhaust  valve  was  137°F.  lower  when  turbocharged,  and  the  heat 
transfer  per  B.H.P.  per  hour  was  also  greatly  reduced.  This  means 
that,  in  spite  of  the  50  per  cent,  increase  in  power  output  due  to 
efficient  scavenging,  the  heat  lost  to  the  cooling  water  is  ap- 
proximately the  same  as  that  for  an  ordinary  Diesel  engine  giving 
only  two-thirds  of  the  power  output.  This  point  is  important  as 
it  gives  a  measure  of  reliability,  large  engines  requiring  heavy  wall 
thicknesses,  which  cause  a  big  temperature  drop  and  correspond- 
ingly high  stresses  in  the  cyUnder  walls.  As  exhaust  turbine  super- 
charged engines  have  a  much  higher  output  than  ordinary  engines 
of  the  same  size,  it  is  obvious  that  the  heat  stresses  are  lower  for 
the  same  output.  This  is  probably  the  main  feature  of  this 
type  of  engine,  particularly  with  respect  to  the  design  of  larger  units. 
The  other  advantages,  such  as  the  lower  fuel  consumption  and  the 
lower  lubricating  oil  consumption,  due  to  the  pistons  and  bearings 
being  smaller  than  those  necessary  for  an  ordinary  Diesel  engine 
giving  the  same  output,  must  also  be  taken  into  account.  Less 
cooling  water  is  necessary,  an  important  factor  in  locomotive  design, 
because  not  only  is  the  engine  weight  less  but  the  radiator  is  also 
smaller.  The  overload  capacity  is  considerable  on  account  of  the 
'  increase  in  blower  pressure  with  increase  in  load,  whereas  ordinary 
Diesels  cannot  be  overloaded  to  any  great  extent  as  they  become 
overheated  and  the  risk  of  severe  damage  is  considerable.  Com- 
bustion also  becomes  poor,  which  makes  the  exhaust  smoky  and 
increases  the  fuel  consumption. 

As,  in  order  to  obtain  a  definite  power  output,  the  whole  engine  is 
smaller,  there  is  a  considerable  saving  in  weight.  The  increased 
weight  due  to  the  turbine  and  blower  is  comparatively  small.  For 
example,  the  turbine  unit  of  a  3,000  B.H.P.  low  speed  engine  is 
about  3  tons  including  air-cooler  and  additional  fines.  The  whole 
additional  weight  is  less  than  8  tons,  which  is  roughly  2  per  cent, 
of  the  engine  weight  (about  350-400  tons  for  a  four-stroke  3,000 
B.H.P.  engine).  The  exhaust  turbine-driven  supercharged  engine 
therefore  weighs  over  30  per  cent,  less  than  an  ordinary  engine  of 
the  same  capacity,  and  as  a  single  acting  two-stroke  engine  weighs 
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approximately  12  per  cent,  less  than  the  co  responding  type  ot 
four-stroke  engine,  roughly  8  per  cent,  less  than  a  two-stroke 
engine. 

Again,  as  the  price  per  lb.  for  the  additional  mechanism  is  roaghly 
the  same  as  that  of  the  engine  itself,  the  price  per  B.H.P.  is  much 
lower. 

ZUSAMMENFASSUNG 

Der  Dieselmotor  mit  Büchi-Abgasturbinenaufladung  stellt  die  neueste 
Entwicklung  der  Dieselmaschine  namentlich  für  mittlere  und  grössere  Kräfte 
dar.  Diese  Maschine  arbeitet  mit  Verbundwirkung,  d.h.  die  Abgase  werden 
zu  weiterer  Kraftleistung  in  einer  Abgasturbine  herangezogen.  Diese  Abgas- 
turbine  wird  nicht  zur  Kraftlieferung  nach  aussen  herangezogen,  sondern  sie 
dient  zum  Antrieb  eines  rotierenden  Luftverdichters.  Mit  diesem  Luft- 
verdichter wird  der  Verbrennungskraftmaschine  Luft  von  rd.  0,3  bis  0,5  at 
zugeführt  und  damit  ermöglicht,  dass  eine  grössere  Brennstoffmenge  unter 
Einhaltung  der  gleichen  mittleren  Verbrennungstemperaturen  und  der 
gleichen  Höchstdrücke  in  den  Verbrennungszylindern  verbrannt  werden  kann. 
Die  Kraftleistung  dieser  Maschinen  ist  deshalb  für  die  Dauerleistung  eine  rd. 
50%  höhere  als  bei  Dieselmaschinen  gleicher  Abmessungen.  Entsprechend 
der  Belastung  der  Maschine  ist  die  Energie  der  Abgase  eine  verschiedene, 
d.h.  mit  grösserer  Leistung  steigende.  Entsprechend  dieser  veränderlichen 
Abgasenergie  ändert  sich  dann  die  Drehzahl  der  Abgasturbine  und  des  mit 
ihr  angetriebenen  Turbogebläses.  Es  findet  deshalb  eine  automatische 
Anpassung  der  in  die  Verbrennungskraftmaschine  gelieferten  Luftmenge  mit 
der  Leistung  statt,  was  im  Gegensatz  zu  bisherigen  Dieselmotoren  steht,  wo  die 
Luftlieferung  für  alle  Belastungen  eine  konstante  ist.  Die  Verbrennungs- 
motoren mit  Abgasturbinenaufladung  haben  deshalb  den  grossen  Vorteil, 
dass  man  sie  ohne  Gefahr  von  zu  grossen  Verbrennungstemperaturen, 
schlechter  Verbrennung  und  schlechtem  Brennstoffverbrauch,  viel  höher 
belasten  kann,  als  gewöhnliche  Dieselmotoren,  welche  bekanntermassen  in 
dieser  Beziehung  sehr  empfindlich  und  wenig  leistungsfähig  sind.  Da  aus 
einer  Maschine  bestimmter  Zylinderabmessungen  eine  viel  höhere  Leistung 
herausgebracht  werden  kann  und  das  notwendige  abgasturbinengetriebene 
Aufladegebläse  nur  sehr  kleine  Abmessungen  und  Gewichte  hat,  so  ergeben 
sich  gegenüber  bisherigen  Dieselmaschinen  bedeutend  kleinere  Maschinenab- 
messungen und  Gewichte.  Auch  hinsichtlich  Preis  stellt  sich  eine  solche 
Anlage  bedeutend  vorteilhafter.  Als  weitere  Vorteile  ergeben  sich  bei 
grösseren  Maschinen  dieser  Art  der  kleinere  Brennstoffverbrauch  und  ganz 
allgemein  infolge  der  kleineren  zu  schmierenden  Flächen,  ein  kleinerer 
Schmierölverbrauch  und  infolge  der  gleich  bleibenden  Wärmeabfuhr  durchs 
Kühlwasser  gegenüber  Dieselmaschinen  von  gleichen  Zylinderabmessungen 
ergibt  sich  auch  ein  kleinerer  Verbrauch  an  Kühlwasser. 
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Die  Anforderungen,  die  der  normale  Flugbetrieb  an  die  Kraftstoffe 
stellt,  sind: 

1.  Kompressionsfestigkeit  bis  1  :  6,3  (in  BMW-Motoren). 

2.  Leichtes  Anspringen  auch  bei  kalter  Witterung. 

3.  Geringe  Schmierölverdünnung. 

4.  Kältebeständigkeit  bis  -30°C. 

5.  Keine     Vergaserstörungen,     Ventilverpichungen,     Ölkohle- 

bildung. 

6.  Keine  korrodierenden  Eigenschaften. 

7.  Grösste  Leistung  bei  geringstem  Verbrauch  und  Gewicht. 
Für  den  Betrieb  von  Flugmotoren  werden  in  Deutschland  zur 

Zeit  Erdölnaturbenzine — in  geringem  Masse  Braunkohlenbenzin — 
Benzol  oder  Gemische  dieser  verwendet.  Vor  der  Einführung 
stehen  synthetische  Benzine.  Benzin  mit  Zusatz  von  Gegenklopf- 
mitteln  wie  z.B.  Eisenkarbonyl  oder  Bleitetraäthyl  sind  abgesehen 
von  wenigen  Versuchen  im  Flugbetrieb  nicht  verwendet  worden. 
Von  den  Erdölbenzinen  wurden  solche  rumänischen  Ursprungs 
wegen  leichterer  Beschaffbarkeit  in  Deutschland  bei  Eignung  für 
hoch  verdichtende  Flugmotoren  vielfach  bevorzugt.  Ohne  Zusatz 
von  Benzol  kam  für  Kompressionsverhältnisse  bis   1  :  6,3  nur  ein 
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Markenbenzin  in  Betracht,  vorwiegend  werden  aber  für  diese  hohen 
Kompressionsverhältnisse  Benzin-Benzohnischungen   verwendet. 

Die  nachfolgenden  Ausführungen  über  die  Beurteilung  von 
Flugmotorenkraftstoffen  in  Deutschland  beschränken  sich  auf 
die  zur  Zeit  gebräuchlichen  Kraftstoffe  und  sind  begründet 
durch  praktische  Erfahrungen  im  Flugbetrieb  und  durch  Versuchs- 
ergebnisse der  DVL. 

Flugmotorenkraftstoffe  werden  in  Deutschland  anhand  folgender 
Eigenschaften  beurteilt: 


(1) 

Kompressionsfestigkeit. 

(2) 

Chemische  Zusammensetzung. 

(3) 

Spezifisches  Gewicht. 

(4] 

Siedeverhalten. 

(5) 

Zündwert. 

(6) 

Kälteverhalten. 

(7) 

Korrosionseigenschaften. 

(8) 

Verharzung. 

(9) 

Schwefelgehalt. 

(10) 

Heizwert. 

(11) 

Verdampfungswärme. 

(12) 

Feuergefährlichkeit . 

(1)  Kompressionsfestigkeit. — Die  Kompressionsverhältnisse 
deutscher  Flugmotoren  liegen  zwischen  1  :  5,5  und  1  :  6,3.  Die 
Kraftstoffe  müssen  deshalb  bis  zu  Kompressionen  von  1  :  6,3  ver- 
wendbar sein.  Benzine,  die  diesen  Anforderungen  genügen,  sind 
schwer  zu  beschaffen.  Es  werden  Benzin^  Benzolmischungen 
vorzugsweise  verwendet.  Für  die  Mischung  mit  Benzol  müssen  die 
Benzine  bis  etwa  1  :  5,5  kompressionsfest  sein,  damit  eine  Zugabe 
von  maximal  60  Teilen  Benzol  zu  40  Teilen  Benzin  die  geforderte 
Kompressionsfestigkeit  ergibt.  Ein  höherer  Benzolzusatz  muss 
vermieden  werden,  um  eine  ausreichende  Kältebeständigkeit  zu 
erhalten.    (Siehe  6,  Kälteverhalten.) 

Die  Beurteilung  der  Kompressionsfestigkeit  von  Kraftstoffen 
erfolgt  entweder  direkt  im  Einzylinder-Motor  mit  veränder- 
licher Kompression  oder  indirekt  durch  Vergleich  des  Kraftstoffes 
mit  einem  Bezugskraftstoff  in  einem  Einzylinder-Motor  mit  fester 
Kompression  (1  :  6).  Ausserdem  können  Kennzahlen,  spezifisches 
Gewicht  und  chemische  Zusammensetzung  zur  Beurteilung  beitragen. 

Die  DVL  hat  in  ihrer  Motorenabteilung  einen  Einzylinder-Motor 
entwickelt,  dessen  Kompression  durch  Heben  und  Senken  des 
Zylinders  während  des  Laufes  veränderhch  ist,  und  bei  dem  auch 
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die  Anwendung  verschiedener  Flugmotorenzylinder  und  ver- 
schieden hoher  Kolben  durch  Auswechselung  möglich  ist.  Die 
Lichtbilder  Nr.  1,  2  und  3  zeigen  den  DVL-Vario-Motor. 

Das  Aggregat  dient  zur  mechanischen  und  thermischen  Unter- 
suchung an  Flugmotorenzylindern  und  deren  Getrieben.  Es  besteht 
im     wesentlichen     aus     einem     in     seitlichen     Lagern     pendelnd 


Abb.  1. 

aufgehängten  Gehäuse  (in  den  Lichtbildern  1),  das  in  seinem 
Innern  das  Kurbelgetriebe  des  zu  untersuchenden  Motors  aufnimmt, 
und  auf  dessen  auswechselbarer  Tragplatte  (2)  der  dem  normalen 
Flugmotor  entnommene  luftgekühlte  Zylinder  (3)  aufgebaut  ist. 
Das  vordere  Wellenende  treibt  mit  Hilfe  von  Schraubenrädern  die 
Frischöl-    und    Rückölpumpe   (beide   sind  in   einem  gemeinsamen 
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Gehäuse  (4)  vereinigt),  sowie  den  Zündapparat  (5)  an;  die  Rückseite 
der  Kurbelwelle  trägt  den  Antrieb  für  die  Steuerung  (6)  und  ausser- 
dem, bei  diesem  für  besondere  Zwecke  ausgeführten  Aggregat,  ein 
Schwungrad  (7)  mit  angebautem  Ventilatorrad  (8).  Der  Ventilator 
dient  gleichzeitig  der  Leistungsaufnahme  und  der  Kühlung  des 
Motorzylinders.  Die  Leistungsaufnahme  des  Ventilators  ist  regelbar. 


Abb.  2. 

Die  Leistungsmessung  erfolgt  durch  Ermittelung  des  Drehmomentes 
durch  Wägung  am  Motorgehäuse  (9),  dessen  Pendelbewegungen 
mittels  regelbarer  Ölbremse  gedämpft  werden.  Die  Kompression 
kann  während  des  Betriebes  mit  Hilfe  des  Handrades  (10)  in  weiten 
Grenzen,  bei  der  vorliegenden  Anordnung  von  Zylinder  und  Kolben 
zum   Beispiel  von  1  :  3  bis  1:12,   geändert   werden.     Mit   diesem 
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Versuchsmotor  sollen  auch  Leistungsaufnahmen  in  verschiedenen 
Flughöhen  erfolgen.  Er  muss  daher  ortsbeweglich  eingerichtet  sein. 
Für  Kraftstoffuntersuchungen  erhält  der  Motor  zunächst  einen 
wassergekühlten  Zylinder;  die  Leistung  und  das  Drehmoment 
werden  in  diesem  Falle  durch  ein  elektrisches  Pendeldynamometer 
aufgenommen. 


Abb.  3. 


Für  die  indirekte  Beurteilung  der  Kompressionsfestigkeit  von 
Kraftstoffen  fehlt  der  "internationale  Bezugskraftstoff."  Die  an 
verschiedenen  Stellen  mit  verschiedenen  Motoren  gewonnenen 
Prüfergebnisse  für  die  Kompressionsfestigkeit  von  Kraftstofïen 
sind  nur  schwer  vergleichbar.  Die  Benutzung  gleicher  Versuchs- 
motore  wird  zu  umgehen  sein,  wenn  internationale  Vereinbarungj^n 
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für  den  Bezugskraftstoff  vorgenommen  werden.  Das  von  Graham 
als  Bezugskraftstoff  vorgeschlagene  Gemisch  von  Normal-Heptan 
und  Isooktan  ist  ausserordentlich  teuer.  Es  wird  deshalb  vorge- 
schlagen, einen  Bezugskraftstoff,  z.B.  Benzin  von  stets  gleich- 
bleibender Qualität  herstellen  zu  lassen.  Auch  für  das  bei  Vergleichs- 
versuchen zu  gebrauchende  Gegenklopfmittel  wären  internationale 
Vereinbarungen  zu  treffen,  da  die  Wirkung  der  Gegenklopfmittel 
eine  verschiedene  ist.^ 

(2)  Chemische  Zusammensetzung. — Benzine,  die  ohne  Benzol- 
zusatz in  Flugmotoren  mit  Kompressionen  bis  1  :  6,3  verwendet 
werden  sollen,  müssen  aromatenfrei  einen  Anilinpunkt  unter  52°C, 
d.h.  unter  40°  o  Paraffine  haben.  Benzine,  die  mit  Benzol  verwendet 
werden,  können  aromatenfrei  einen  Anilinpunkt  unter  58°C,  d.h. 
unter  50  ^^  Paraffine  haben.  Der  Gehalt  an  ungesättigten 
Verbindungen  soll  weniger  als  2%  betragen. 

Der  Anilinpunkt  (Entmischungspunkt)  wird  in  bekannter  Weise 
bestimmt,  nachdem  die  ungesättigten  und  aromatischen  Bestand- 
teile durch  Behandeln  mit  100%iger  Schwefelsäure  entfernt  wurden. 
Die  ungesättigten  Verbindungen  werden  durch  Ausschütteln  mit 
90%iger  Schwefelsäure  ermittelt. 

Die  chemische  Analyse  der  Benzine  kann  die  Untersuchung  der 
Kompressionsfestigkeit  im  Motor  nicht  ersetzen;  sie  hat  aber  sicher 
Bedeutung.  Bei  den  Untersuchungen  der  DVL  hat  sich  gezeigt, 
dass  der  Gehalt  der  Flugmotorenbenzine  an  aromatischen  Stoffen 
nur  zwischen  etwa  5-10%  schwankte  und  die  Verschiedenheit  der 
Benzine  durch  die  Menge  der  Naphtene  und  Paraffine  entscheidend 
bestimmt  wurde.  Aus  diesem  Grunde  wird  auch  nur  der  Anilin- 
punkt des  aromatenfreien  Benzins  festgelegt. 

Die  Berechnung  der  Kompressionsfestigkeit  von  Benzinen  aus  der 
chemischen  Analyse  (Toluoläquivalent)  ergibt  nur  Anhaltswerte. 

(3)  Spezifisches  Gewicht. — Für  Flugmotorenbenzine  ist  ein 
spezifisches  Gewicht  von  mehr  als  0,710  kg/1  bei  20°C  zu  fordern. 
Das  spezifische  Gewicht  hat  aber  nur  im  Zusammenhang  mit 
den  Siedeeigenschaften  für  die  Beurteilung  von  Benzinen  Bedeutung, 

(4)  Siedeverhalten. — Benzine  zur  Verwendung  ohne  Benzol- 
zusatz sollen  mindestens  folgende  Siedeeigenschaften  in  der  Engler- 
Ubbelohde-Apparatur  haben: 

1  Enoch,  Autotechnik  17,  Heft  1,  S.l  (1928). 
Reimann,  J.  Ind.  Eng.  Chem.  19,  1055  (1927). 
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Siedebeginn: 
Destillat; 


Trockenpunkt: 
Benzine    zur    Verwendung 

Siedeeigenschaften  haben: 

Siedebeginn: 
Destillat: 


10%  bis 
60%  ,. 
80%  „ 
96o„  .. 


50-60°C 
70°C 
lOOX 
120°C 
130°C 
140°C 


mit    Benzolzusatz    sollen     folgende 


10%  bis 
60%    „ 
80%  ,. 
96%   ., 


50-60X 
75X 
110°C 
130°C 
150X 
160X 


Trockenpunkt: 

Benzine  mit  wesenthch  höherem  Gehalt  als  \0%  bis  70°C  siedender 
Kohlenwasserstoffe  sind  zu  vermeiden,  da  im  Flugbetrieb  durch 
verminderten  Druck  und  erhöhte  Temperatur  mit  starken  Ver- 
lusten durch  Verdunstung  und  mit  Vergaserstörungen  zu  rechnen 
ist.  Über  die  Wirkung  hochsiedender  Anteile  in  Benzinen  ins- 
besondere auf  die  Schmierölverdünnung  sind  die  Untersuchungen 
in  der  DVL  noch  nicht  abgeschlossen. 

Werden  die  Siedeeigenschaften  eines  Benzins  durch  die  Kennziffer 
nach  Ostwald  zusammengefasst,  so  lassen  sich  Zusammenhänge 
zwischen  Kennziffer,  spezifischem  Gewicht  und  Kompressions- 
festigkeit erkennen  (siehe  Lichtbilder  4  und  5  sowie  Zahlentafeln 
1  und  2).  Für  das  Lichtbild  4  sind  Angaben  Ricardo's  benutzt, 
während  bei  Lichtbild  5  Versuchsergebnisse  der  DVL  zu  Grunde 
gelegt  worden  sind.  Die  Benzine  ordnen  sich  in  den  Bildern  derart 
an,  dass  oberhalb  der  RichtungsHnie  die  kompressionsfesteren, 
unterhalb  die  weniger  kompressionsfesten  Benzine  liegen. 

Zusammenhang  zwischen  Spez.  Gewicht, 
Kennziffer  u.  Kompnessionsfestigl^eif 
(Ricardo  -Benzine) 

790 

780 
P"  770 
^^760 


750 
7H0 


N   730 
5-  720 


710 
700 


6,00 

5.35 

"5,9 

^^ 

H.5S 

^^ 

" 

^^ 

o5,7 

W7 

oH,3 

^^-^ 

hs 

< 

i^r^f 

85  90  95  100         105        110        115        120        125        130 

Kennziffern 

Abb.   4. 
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Zusammenhang  zwischen  Spez.  Gewicht, 

Kennziffer  u.  Kompressionsfestigkeit 

(DVL-Benzine) 


Bis  1:6,3  Kompression  s^ 

'estigKi 

^it  ^ 

^ 

5 

^^ 

o 

2^ 

^ 

^ 

i-^ 

o 

6 

- 

^^    7 

^    Unter  1:6^3  Kompressionsfestigkett 

85 


90 


9S 


100        105        110 
Kennziffern 

Abb.   5. 


115        120       125       130 


U. 


100 -y 


Kompressionsfestigkeit 
chemische  Zusammensetzung  von  Benzinen 

Ricardo -Benzine  Nn 


5.0  5,5 

Hömpnessionsfestigkeit 

'Naphthene^  -"—"—"-' A romaten, Paraffine 

Abb.   6. 


Die  Kennziffer  hat  ausserdem  noch  Bedeutung  bei  der  Beurteilung 
der  Kompressionsfestigkeit  von  Benzinen  aus  der  chemischen 
Zusammensetzung.   Im  Lichtbild  6  ist  zum  Beispiel  eine  Zusammen- 
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Stellung  von  Kompressionsfestigkeit  und  chemischer  Zusammen- 
setzung der  Ricardo-Benzine  erfolgt.  Es  ist  zu  erkennen,  dass  mit 
abnehmendem  Paraffingehalt  die  Kompressionsfestigkeit  steigt. 
Für  die  offensichtlich  herausfallenden  Werte  der  Benzine  3  und  7 
findet  man  die  Erklärung  in  den  niedrig  liegenden  Kennziffern. 

(5)  Zündwert. — Die  Zündwerte-  von  Flugmotorenbenzinen  sind 
zahlenmässig  noch  nicht  festlegbar.  Die  Bestimmung  der  Zünd- 
werte in  der  Apparatur  von  Jentzsch^  wird  nach  DVL-Unter- 
suchimgen  stark  beeinflusst  durch  die  Beschaffenheit  der  Tiegel- 
wände und  ungleiche  Gemischbildung.  Die  Zündwerte  sind  nicht 
mit  genügender  Sicherheit  reproduzierbar. 

Es  ist  aber  bereits  nachgewiesen  worden,  dass  Benzine  mit  stärkeren 
Unterschieden  in  den  Siedeeigenschaften  und  in  der  chemischen 
Zusammensetzung  auch  deutliche  Unterschiede  in  den  Zündwerten 
aufweisen.  Auch  bei  Zusatz  steigender  Mengen  Benzol  oder  anderer 
Gegenklopfmittel  zu  Benzin  ändern  sich  die  Zündwerte  sichtlich. 
Flugmotorenbenzine  mit  gleichen  Siedeeigenschaften,  verschiedener 
chemischer  Zusammensetzung  und  bekannten  Unterschieden  in 
der  Kompressionsfestigkeit  Hessen  aber  bei  DVL-Versuchen 
bisher  keine  entsprechenden  Unterschiede  in  den  Zündwerten 
erkennen;  die  Zündwerte  dieser  Benzine  lagen  vorwiegend  unter  (5). 

Wenn  es  gelingt,  die  Zündwertapparatur  noch  weiter  zu  vervoll- 
kommnen, so  wird  auch  der  Zündwert  nach  Ansicht  der  DVL  einen 
Anhalt  zur  Beurteilung  der  Kompressionsfestigkeit  von  Kraft- 
stoffen geben  können. 

(6)  Kälteverhalten. — Flugmotorenkraftstoffe  für  normalen 
Betrieb  müssen  bis  — 30°C  kältebeständig  sein;  es  dürfen  oberhalb 
dieser  Temperatur  weder  Kristallausscheidungen  noch  Entmischun- 
gen eintreten.  Der  Kristallisationsbeginn  von  Benzol  muss  unter 
—  15°C  liegen.  Die  Bestimmung  des  Kälteverhaltens  und  der 
Entmischbarkeit  geschieht  im  Apparat  von  Stelling.'' 

Flugmotorenbenzine,  die  den  sonstigen  Anforderungen  genügen, 
haben  Erstarrungspunkte,  die  im  Flugbetrieb  nicht  erreicht  werden. 
Der  Kristallisationsbeginn  einer  Reihe  von  Motorenbenzolen 
schwankte  zwischen  —6  und  —  16°C.  Da  die  Kurven  des  Kristal- 
lisationsbeginns von  Benzin-Benzolgemischcn  durch  den  Kristal 

^  Zündwert  =  Quotient  aus  Selbstzündungstemperatur  und  Sauerstoffbedarf 

3  VDI-Zeitschrift  68,  Heft  44  (1924). 
VDI-Zeitschrift  69,  Heft  43  (1925). 

1  Holde,  Kohlenwasserstoffe  und  Fette,  Berlin  1924,  Seite  232. 

618 


GERMANY:   FUELS  FOR  AVIATION 

lisationsbeginn  des  Benzols  bestimmt  werden,  so  muss  Benzol,  das 
für  die  Mischung  mit  Benzin  bestimmt  ist,  einen  möglichst  tiefliegen- 
den Kristallisationsbeginn  (  — 15°C)  aufweisen. 

Im  Winterflugbetrieb  dieses  Jahres  wurden  Motorstörungen 
beobachtet  infolge  Verstopfungen  der  Rohrleitungen  und  Brenn- 
stoffseiher durch  Auskristallisation  von  Kraftstoff  bei  Lufttempera- 
turen von  — 15  bis  ~  18°C,  obwohl  der  im  Laboratorium  beobachtete 
Kristallisationsbeginn  dieser  Benzin/Benzol-Gemische  tiefer  lag. 
Wenn  die  zur  Zeit  noch  nicht  abgeschlossene  Nachprüfung  dieser 
Beobachtung  ergibt,  dass  bei  strömenden  Benzin/Benzol-Mischun- 
gen ein  Auskristallisieren  von  Benzol  bereits  bei  höheren  Tempera- 
turen erfolgt,  so  müssen  die  Grenzen  für  Kältebeständigkeit  noch 
tiefer  gelegt  werden  und  die  bisherige  Prüfmethode  entsprechend 
erweitert  werden. 

Die  Prüfung  von  Kraftstoffen  auf  Entmischbarkeit  wird  ergänzt 
durch  Bestimmung  des  Wassertiters  nach  Ostwald^,  da  im  Flug- 
betrieb durch  Temperaturschwankungen  Wasserkondensationen 
im  Kraftstofftank  und  dann  Entmischungen  des  Kraftstoffes 
eintreten  können. 

(7)  Korrosionseigenschaften. — Flugmotorenkraftstoffe  dürfen 
nicht  korrodierend  auf  Metall  wirken. 

Eine  einfache  Prüfung  der  DVL  auf  korrodierende  Eigenschaften 
von  Kraftstoffen  besteht  darin,  dass  in  den  Kraftstoff  Kupferbleche 
eingestellt  werden,  die  mit  Aluminium  oder  Magnesium  genietet 
sind.  Bei  Anwesenheit  von  korrodierenden  Bestandteilen  erhält 
man  innerhalb  24  Stunden  an  der  Berührungsstelle  der  beiden 
Metalle  eine  sehr  deutliche  Reaktion,  die  entweder  in  der  Bildung 
von  gallertartigem  Aluminiumhydroxyd  bezw.  Magnesium- 
Hydroxyd  oder  Alkoholat,  in  der  Schwarzfärbung  des  Kupfers 
(Kupferoxyd  oder  Sulfid),  oder  einer  Verfärbung  des  Kraftstoffes 
sichtbar  wird.^ 

Nach  einer  anderen  Prüfmethode  der  DVL  werden  verschiedene 
Metallproben  von  kleiner  Oberfläche  mit  grossen  Mengen  Kraftstoff 
in  Berührung  gebracht  und  zwar  in  gläsernen  Héberge  fassen,  die  mit 
selbsttätigem  Zu-  und  Ablauf  für  den  Kraftstoff  versehen  sind. 

Der    amerikanische    Kupferschalenversuch    wird    schliesslich    als 


^  100    ccm    Kraftstoff   werden    unter    Umschütteln    bei    Zimmertemperatur 
mit  Wasser  versetzt,  bis  eine  bleibende  Trübung  eintritt. 
Wa.    Ostwald,    Automobiltechnisches   Handbuch,    11.  Auflage,  Verlag 
M.  Krüger,  Berlin. 

6  Erich  K.  O.  Schmidt,  86.  DVL-Bericht,  Zeitschrift  Korrosion  und  Metall- 
schutz, 3,  270,   (1927). 
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dritte    Priifmethode    auf    korrodierende   Eigenschaften  von  Kraft- 
stoffen vergleichend  herangezogan. 

(8)  Verharzung. — Flugmotorenkraftstoffe  dürfen  keine  verhar- 
zenden Bestandteile  enthalten. 

Als  verharzende  Bestandteile  werden  Diolefine  und  korrodierender 
Schwefel  angesehen.  Diese  Bestandteile  werden  durch  Verdampfen 
einer  bestimmten  Menge  des  Kraftstoffes  in  einer  Kupferschale 
und  Wägen  des  Rückstandes  festgestellt;  die  Anwesenheit  des 
korrodierenden  Schwefels  zeigt  sich  durch  Verfärbung  des  Kupfers. 

Die  Schwefelsäureprobe  wird  als  qualitative  Prüfung  auf  leicht 
verharzende  Bestandteile  in  Benzinen  benutzt.  Wenn  dabei  die 
Färbung  der  Säure  stärker  ist  als  die  einer  Lösung  von  3  g  Kalium- 
Bichromat  im  Liter,  so  ist  das  Benzin  zu  beanstanden. 

(9)  Schwefelgehalt. — Der  Schwefelgehalt  von  Flugmotoren- 
kraftstoffen soll  unter  0,3°,o  sein. 

Für  die  Bestimmung  von  Schwefel  hat  sich  die  Methode  von  Squire' 
gut  bewährt.  (Verbrennung  des  Benzins  in  einer  Lampe,  Einleitung 
der  Verbrennungsprodukte  in  Natriumbikarbonatlösung,  die  mit 
Kaliumjodid] odat  und  Stärkelösung  versetzt  ist,  bis  zur  Blaufär- 
bung.) Nach  DVL-Untersuchungen  arbeitet  die  Methode  rasch 
und  genau.  Die  Methode  von  Squire  kann  man  auch  für  die  Ver- 
brennung von  Benzol  verwenden,  obwohl  hier  durch  fraktionierte 
Verbrennung  Unstimmigkeiten  eintreten  können.  Man  muss  dann 
mit  konzentriertem  Alkohol  mischen,  da  die  Flamme  sonst  zu  sehr 
russt.  Ein  Benzol  mit  2,07°o  Schwefel  (der  fast  nur  als  Schwefel- 
kohlenstoff vorlag)  ergab  in  der  Lampe  einen  Schwefelgehalt  von 
2,02  und  1,98%. 

Im  deutschen  Flugbetrieb  sind  Mischungen  von  Benzol  mit 
Braunkohlenbenzin  von  beträchtlichem  Schwefelgehalt  (0,5'^  g 
Schwefel  im  Gemisch)  anstandslos  verwendet  worden.  Es  ist 
möglich,  dass  Störungen  infolge  der  Konstruktion  des  Motors 
ausblieben.  Die  Schmieröl  Verdünnung  und  damit  auch  der  Gehalt 
an  Wasser  und  anderen  Verbrennungsprodukten  im  Schmieröl 
war  gering.  Wie  amerikansiche  Versuche^  zeigten,  ist  bei  Auto- 
mobilmotoren eine  Erhöhung  des  zulässigen  Schwefelgehaltes  auf 
0,3°o  nur  möglich,  wenn  eine  stärkere  Durchlüftung  des  Kurbelge- 
häuses und  höhere  Betriebstemperaturen  in  Anwendung  kommen. 

'  Squire,  Journ.  Soc.  Chem.  Ind.,  45,  466  T  (1926). 
«  Ind.  and  Eng.  Chem.  20,  16  und  18,  1928. 
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Bei    Flugmotoren    sind    diese    beiden    Bedingungen    erfüllt.    Ein 
Schwefelgehalt  von  0,3%  kann  also  zugelassen  werden. 

(10)  Heizwert. — Der  untere  Heizwert  von  Flugmotorenkraft- 
stoffen soll  über  8  500  Kalorien/kg  betragen  (bestimmt  im  Junkers 
Kalorimeter  oder  in  der  Berthelot-Mahlerschen  Bombe).  Diese 
Grenze  von  8  500  Kalorien  lässt  auch  die  Verwendung  von  alkohol- 
haltigen Kraftstoffen  zu.  Die  Verwendung  noch  energieärmerer 
Kraftstoffe  würde  den  Aktionsradius  der  Flugzeuge  zu  stark 
beschränken. 

(11)  Verdampfungswärme. — Die  Unterschiede  in  der  Verdamp- 
fungswärme spielen  nur  bei  alkoholhaltigen  Kraftstoffen  eine 
wesentliche  Rolle.  Für  die  zur  Zeit  üblichen  Flugmotorenkraftstoffe 
kann  die  Bestimmung  der  Verdampfungswärme  unterlassen 
werden. 

(12)  Feuergefährlichkeit. — In  Hinsicht  auf  die  Brandgefahr 
bei  Absturz  und  Vergaserstörungen  wären  weniger  feuergefährliche 
Kraftstoffe,  wie  die  zur  Zeit  gebräuchlichen,  für  den  Flugbetrieb 
erwünscht.  Kraftstoffe  mit  hohem  Flammpunkt  und  hohen 
Siedeeigenschaften  konnten  aber  bisher  in  Flugmotoren  keine 
Verwendung  finden,  sodass  dieser  Gesichtspunkt  zur  Zeit  aus- 
scheidet. 

ZAHLENTAFEL   1 
EIGENSCHAFTEN  VON  RICARDO-BENZINEN 


Benzin 

Aroma- 

Naph- 

Paraf- 

Spez. Gew. 

Kenn- 

Maximale 

ten 

tene 

fine 

b.    15°C 

ziffer* 

Kompression 

Nr. 

0' 

/o 

0/ 

/o 

0/ 
/O 

kg/1 

1 

1,7 

35,0 

63,0 

0,718 

108 

4,85 

2 

39,0 

35.0 

26,0 

0,782 

120 

6,0 

3 

14,9 

23.0 

62,0 

0,723 

86 

5,7 

4 

8,5 

30,5 

61,0 

0,727 

105 

5,25 

5 

14.6 

47,0 

38,0 

0,760 

117 

5,35 

6 

11,3 

20,0 

68,0 

0.719 

108 

4,7 

7 

4.3 

15,2 

80,0 

0,704 

95 

5.05 

8 

7,5 

— 

0,750 

127 

4,55 

9 

4.8 

85,0 

10,0 

0,767 

122 

5,9 

10 

— 

— • 

0,727 

121 

4,3 

•  Von  der  DVL  aus  den  Angaben  der  Siedeeigenschaften  errechnet. 
Entnommen  aus  Emp.  Mot.  Fuel  Committee,  London,  1924. 
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ZAHLENTAFEL  2 
EIGENSCHAFTEN  VON  DVL-BENZINEN 


Benzin 

Aroma- 

Naph- 

Paraf- 

Spez. Gew. 

Kenn- 

Maximale 

ten 

tene 

fine 

b.     15°C 

ziffer 

Kompression 

Nr. 

o/ 

,0 

% 

o/ 
/o 

kg/1 

1 

5,3 

56,8 

37,9 

0,731 

91 

— 

2 

8,5 

53,3 

38,2 

0,737 

94 

— 

3 

5,2 

53,2 

41,6 

0,737 

98 

— 

4 

8,8 

21,2 

70,0 

0,704 

86 

— 

5 

25,0 

30,0 

45,0 

0,749 

94 

— 

6 

11,5 

22,4 

66,1 

0,728 

109 

— 

7 

8,3 

39,4 

52,3 

0,720 

89 

— 

RICHTLINIEN    FÜR    ERDÖLNATURBENZIN    UND    BENZOL    ZUR 
VERWENDUNG   IN   DEUTSCHEN   FLUGMOTOREN   MIT   KOMPRES- 
SIONEN  BIS    1  :  6,3 

(a)     Benzin  zur  Verwendung  ohne  Benzol: 
Siedebeginn 
Destillat  (wenigst) 


Trockenpunkt 
Mindestmenge     Destillat 

plus  Rückstand 
Kompressionsfestigkeit 
Anilinpunkt      des       von 

Aromaten        befreiten 

Benzins       mindestens: 
Schwefelgehalt: 
Gehalt  an  ungesättigten 

Verbindungen:  nicht  über  2% 

Schwefelsäurereaktion:  bis      höchstens 

pro  Liter. 

Das  Benzin  muss  frei  sein  von  verharzenden  Bestandteilen  und  darf 
keine  korrodierenden  Eigenschaften  besitzen. 


10°o  bis 
60%  „ 
80%  „ 
96%  „ 

50-60°C 
70°C 
100°C 
120°C 
130°C 
140°C 

1  :  6,3  (im 

98% 
BMW-VI-Zylinder) 

nicht  über 

52°C 

0,3% 

3    g    Kaliumbichromat 


(b)     Benzin  zur  Verwendung  mit  Benzol 
Siedebeginn 
Destillat  (wenigst) 


Trockenpunkt 
Mindestmenge     Destillat 

plus      Rückstand: 
Kompressionsfestigkeit  1  :  5,5    (im    Siemens    Sh    10    Zylinder). 

Anilinpunkt      des      von 

Aromaten        befreiten 

Benzins       mindestens: 
Schwefelgehalt 
Gehalt  an  ungesättigten 

Verbindungen:  nicht  über  2% 

Schwefelsäurereaktion:         bis      höchstens 

pro  Liter. 

Das  Benzin  muss  frei  sein  von  verharzenden  Bestandteilen  und  darf 
keine  korrodierenden  Eigenschaften  besitzen. 


50-60°C 

10%  bis 
60%  „ 
80%  „ 
96%  „ 

75°C 
110°C 
130°C 
150°C 
160°C 

1  :  5,5    (im 

98% 
Siemens    Sh 

58°C 

nicht  über 

0,3% 

3    g    Kaliumbichromat 
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Benzol: 

Farbe: 

wasserhell,  bis  schwach  gelblich. 

Spezifisches  Gewicht  bei 

20°C: 

etwa  0,874  kg/1 

Siedebeginn: 

80    bis    ST^C 

Destillat: 

mindestens    60%  |                       ,  .               „^ 
höchstens      70%  1                       "^^^       '""  *" 

mindestens    90%                           ,,        140°C 

Kennziffer: 

96-104 

Kälteverhalten: 

bis     —  15°C    keine    Kristallausscheidung. 

Schwefelgehalt: 

nicht  mehr  als  0,3% 

Schwefelsäurereaktion: 

bis      höchstens      5   g    Kaliumbichromat 

pro  Liter. 

EVALUATION  OF  FUELS  USED  FOR  AVIATION  IN  GERMANY 
(English  Version — Abridged) 

The  fuel  used  for  aviation  in  Germany  is  mainly  petrol  obtained  from  mineral 
oil.  Fuel  made  from  lignite  has  also  been  used,  and  petrol-benzole  mixtures 
are  frequently  employed.  Fuel  containing  additions  of  anti-knock  compounds, 
such  as  tetraethyl  lead  and  iron  carbonyl,  have  been  tried  experimentally. 
Aeroplane  fuels  are  tested  in  Germany  for  the  following  properties: — 

Compression  ratio. 

Chemical  composition. 

Specific  gravity. 

Boiling  range. 

Ignition  value. 

Behaviour  on  cooling. 

Corrosive  properties. 

Gumming. 

Sulphur  content. 

Calorific  value. 

Latent  heat  of  vapourisation. 

Inflammability. 

1.  Compression  Ratio. — The  compression  ratio  of  German  engines  lie 
between  1  :5-5  and  1 :  6*3.  The  ratio  of  1  :  6-3  is  such  that  it  is  exceedingly 
difficult  to  find  a  suitable  petrol.  When  petrol-benzole  mixtures  are  used  the 
compression  ratio  of  the  petrol  must  be  approximately  1  :  5 '5,  in  order  that 
the  ultimate  benzole-petrol  mixture  may  possess  the  required  ratio.  More 
than  sixty  parts  of  benzole  must  not  be  added,  as  higher  benzole  contents 
adversely  affect  the  properties  of  the  mixture  when  exposed  to  low  tem- 
peratures. The  test  for  the  compression  ratio  is  carried  out  either  directly,  in 
a  single  cylinder  engine  with  variable  compression,  or  indirectly  in  an  engine 
with  fixed  compression  by  comparison  with  a  known  fuel.  The  German  Air 
Research  Institute  have  devised  a  special  testing  unit  with  variable  compres- 
sion for  this  purpose.  It  is  regrettable  that  no  standard  fuel  has  been 
universally  adopted  for  indirect  compression  ratio  tests.  Graham  has  suggested 
the  use  of  a  mixture  of  heptan  and  iso-octan,  but  the  proposed  mixture  is  very 
costly.  It  is  also  of  importance  that  some  international  agreement  be  arrived 
at  for  the  comparison  of  the  effect  of  addition  of  various  anti-knock  com- 
pounds. (Enoch,  Autotechnik  17,  Vol.  1,  P.l  (1928);  Reimann,  J.  Ind.  Eng. 
Chem.  19,  1055  (1927).) 
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2.  Chemical  Composition. — The  aniline  point  of  pure  aviation  petrol 
must  lie  below  52°C.  When  petrol-benzole  mixtures  are  used  an  aniline 
point  not  exceeding  58°C.  is  permissible.  The  percentage  of  unsaturated 
compounds  must  be  less  than  2  per  cent.  The  compression  ratio  test  cannot  be 
substituted  by  chemical  analysis,  although  such  analysis  is  of  great  importance 
in  itself.  Any  attempt  to  calculate  the  compression  ratio  from  the  chemical 
analysis  is  unsatisfactory  and  gives  only  approximate  results. 

3.  Specific  Gravity. — The  specific  gravity  of  aviation  fuel  must  exceed 
0*7 10.  The  specific  gravity  is  only  of  importance  when  coupled  with  the 
boiling  point  range. 

4.  Boiling  Point  Range. — When  tested  in  Engler-Ubbelohde's  apparatus, 
aviation  petrols  for  use  without  benzole  should  possess  the  following  boiling 
point  range: — 

First  drop        ...  5Q-60°C. 

Distillate         ...      10%  up  to    70°C. 

60%     ,.        100°C. 

80%     .,        120°C. 

96%  „  130°C. 
Dryness  ...  ...  140°C. 

Petrol  for  use  with  benzole  should  have  the  following  ranges  of  boiling 
points: — 

First  drop        ...  5O-60°C. 

Distillate  ...      10%  up  to    75°C. 

60%      „        110°C. 

80%     „       130°C. 

96%     ,,       150°C. 

Dryness  ...  ...  160°C. 

Petrol  containing  more  than  10  per  cent,  of  hydrocarbons  with  boiling  points 
below  70°C.  should  be  excluded  owing  to  high  evaporation  losses.  The  German 
Air  Research  Institute  have  not  yet  completed  their  investigations  upon  the 
effect  on  the  oil  dilution  of  constituents  of  high  boiling  point. 

5.  Ignition  Value. — This  value  is  expressed  by  the  quotient  of  the  spon- 
taneous ignition  temperature  and  the  oxygen  requirements  of  the  fuel.  The 
fuels  obtained  by  use  of  Yentzsch's  apparatus  (VDI-Zeitschrift  68,  Vol.  44 
(1924),  VDI-Zeitschrift  69,  Vol.  43,  (1925)  ),  according  to  experiments  carried 
out  by  the  German  Air  Research  Institute,  are  not  entirely  satisfactory  and 
concordant  results  are  not  easily  obtained.  In  spite  of  this  it  has  been  clearly 
shown  that  petrols  having  widely  varying  boiling  point  ranges  and  chemical 
compositions  also  show  great  variations  in  ignition  values.  The  ignition 
value  is  also  altered  in  a  marked  manner  by  addition  of  benzole  or  other 
anti-knock  compounds. 

6.  Behaviour  on  Cooling. — It  is  essential  that  aviation  fuel  should  be 
capable  of  withstanding  temperatures  as  low  as  —  30°C.  Crystallisation  and 
separation  of  the  spirit  into  different  layers  must  not  take  place  above  this 
temperature.  The  properties  on  cooling  are  estimated  in  Stelling's  apparatus 
{Holde,  Kohlenwasserstoffe  und  Fette,  Berlin  1924,  P.  232).  The  initial 
crystallisation  point  of  benzole-petrol  mixtures  depends  upon  the  crystallisation 
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temperature  of  the  benzole,  and  it  is,  therefore,  necessary  that  the  benzole 
component  does  not  begin  to  crystallise  above  -15°C.  Experience  gained  during 
the  present  year  has  shown  that  trouble  has  been  encountered  due  to  crystal 
formation  in  feed  pipes  and  tanks  at  temperatures  of  only  — 15  to  — 18°C., 
in  spite  of  the  fact  that  the  fuels  in  question  in  laboratory  tests  had  shown 
crystallisation  points  considerably  below  these  temperatures.  The  properties 
of  an  aviation  fuel  in  regard  to  separation  into  layers  is  determined  by  means 
of  Ostwald's  test,  by  shaking  together  100  cu.  cm.  of  fuel  with  increasing 
•quantities  of  water  until  a  point  is  reached  at  which  the  mixture  becomes 
permanently  turbid. 

7.  Corrosive  Properties. — Test  for  the  corrosive  properties  of  aviation 
fuels  are  carried  out  by  the  German  Air  Research  Institute  in  the  following 
manner: — A  piece  of  copper  foil  in  which  aluminium  or  magnesium  rivets 
have  been  inserted  is  introduced  into  the  fuel.  If  the  fuel  has  corrosive 
properties  the  presence  at  the  junction  of  the  two  metals  of  aluminium  or 
magnesium  hydroxides  becomes  apparent  after  about  24  hours.  The  presence 
of  sulphur  compounds  is  indicated  by  the  discolouration  of  the  copper. 
(Erich  K.  O.  Schmidt,  86.  DVL-Bericht,  Zeitschrift  Korrosion  und  Metall- 
schutz, 3,  270,  (1927).)  A  second  method  employed  by  the  Institute  consists 
in  passing  large  quantities  of  fuel  over  a  small  piece  of  the  metal  in  question, 
and  the  American  "Copper  Dish"  method  is  used  as  a  third  method  of  testing. 

8.  Gumming. — Aviation  fuels  must  possess  no  gumming  properties.  Both 
corrosive  sulphur  and  di-olefines  are  considered  as  gumming  constituents. 

9.  Sulphur  Content. — Squire's  method  is  used  for  the  estimation  of  sulphur, 
the  content  of  which  should  lie  below  0-3  per  cent.  (Squire,  Journ.  Soc.  Chem. 
Ind.,  45,  466  T.  (1926).) 

10.  Calorific  Value. — The  net  C.V.  of  aviation  fuel  should  not  lie  below 
8,500  calories  per  kilo.  The  estimation  is  carried  out  in  Junkers'  calorimeter 
or  in  the  Berthelot-Mahler  bomb.  This  comparatively  low  C.V.  limit 
permits  the  use  of  alcohol-containing  fuels,  but  any  further  reduction  in  the 
C.V.  must  necessarily  seriously  effect  the  radius  of  action  of  the  machine. 

11.  Latent  Heat  of  Vapourisation. — This  is  only  of  importance  in  con- 
junction with  fuels  containing  alcohol. 

12.  Inflammability. — In  view  of  the  great  risk  of  fire  on  crashing,  etc.,  it 
would  be  highly  advantageous  if  a  less  inflammable  fuel  could  be  obtained, 
but  unfortunately  this  desideratum  is  not  easily  reached  owing  to  the  fact 
that  the  use  of  a  fuel  with  high  ignition  and  boiling  points  is  impracticable. 
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english  translation 

Treiböle 

1.  Nachdem  die  Motoren  für  flüssige  Brennstoffe  zu  einem  der 
Hauptträger  unseres  neuzeitlichen  Verkehrswesens  geworden  sind, 
und  ihre  Anwendung  in  steter  Zunahme  begriffen  ist,  haben  die 
Bestrebungen  zur  Schaffung  einer  möghchst  breiten  Brennstoffbasis 
für  diese  Motoren  grosse  wirtschaftHche  Bedeutung  gewonnen. 
Die  wichtigsten  Brennstoffe  für  schnellaufende  Fahrzeugmotoren 
sind  heute  vor  allem  die  leichtsiedenden  Oele,  auch  Leichtöle 
genannt,  wie  Benzin,  Benzol,  Spiritus  und  deren  Mischungen.  Sie 
sind  im  wesentlichen  dadurch  gekennzeichnet,  dass  ihre  Verdamp- 
fung bei  verhältnismässig  niedrigen  Temperaturen  und  innerhalb 
enger  Temperaturgrenzen  verläuft  und  dass  der  Flammpunkt 
ebenfalls  bei  ziemlich  niederen  Temperaturen  hegt. 

2.  Eine  andere  Brennstoffgruppe  bilden  die  sogenannten  Schweröle, 
deren  Verdampfungsbereich  bei  höheren  Temperaturen  liegt.  Sie 
mnfassen  vor  allem  die  schwereren  Destillate  des  Roherdöles,  wie 
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Leucht-  und  Gasöle,  die  im  wesentlichen  in  den  Grenzen  von 
150-350°C  überdestillieren.  Ferner  Destillate  gewisser  Braunkohlen 
und  Oelschiefer,  wie  Solaröl,  Paraffinöl,  Braunkohlenteeröl  und 
Schieferöl,  die  ähnliche  Eigenschaften  wie  die  Erdöldestillate 
aufweisen  und  wie  diese  im  wesentlichen  aus  Kohlenwasserstoff 
aliphatischen  Charakters  bestehen.  Der  Flammpunkt  der  Schweröle 
liegt  bei  solchen  Temperaturen,  dass  die  FeuergefährHchkeit 
praktisch  ausgeschaltet  ist. 

3.  Während  nun  die  Verarbeitung  der  erstgenannten  Leichtöle 
in  vorteilhafter  und  wirtschaftlicher  Weise  in  schnellaufenden 
Vergasermotoren  nach  dem  Explosionsverfahren  erfolgen  kann, 
haben  die  Versuche,  auch  die  Schweröle  nach  diesem  Verfahren  zu 
verarbeiten,  zu  keinem  bleibenden  Erfolg  geführt.  Die  Ursache 
dafür  liegt  darin,  dass,  wie  neuere  Untersuchungen  von  Tausz  und 
Schulte^    gezeigt    haben,     die    Selbstentzündungstemperatur    der 
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Abhängigkeit    der    Selbstentzündungstemperatur    vom    Druck    {a)     Gasöl. 
(b)    Benzin,    [c]    Steinkohlenteeröl,    {d)    Benzol,    [t)    Kompressionstemperatur, 

Schweröle  bei  höheren  Drücken  beis  olchen  Temperaturen  liegt, 
bei  denen  wesentliche  Teile  der  Oele  noch  nicht  in  Dampfform 
übergegangen  sein  können.  Ihre  restlose  Verdampfung  unterhalb 
der  Zündpunkttemperatur  ist  somit  nicht  möglich.      Abbildung  1 

^  Tausz  und  Schulte:  ,,Über  den  Zündpunkt  und  Verbrennungsvorgang  im 
Dieselmotor"  Mitt.  Cham.  Inst.  Techn.  Hochsch.  Karlsruhe.  Heft  2, 
1924. 
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zeigt  die  Temperaturen  der  Selbstentzündung  in  Luft  von  ver- 
schiedenen Oelen  in  Abhängigkeit  vom  Druck.  Gleichzeitig  ist  die 
Kurve  der  Verdichtungstemperatur  im  Arbeitszylinder  aufgetragen. 
Es  zeigt  sich,  dass  z.B.  für  die  Verarbeitung  von  Gasöl,  dessen 
Zündpunkt  wesentlich  niedriger  liegt  als  der  von  Benzol  und  auch 
Benzin,  nur  eine  wesentlich  geringere  Verdichtungsspannung 
zulässig  wäre,  damit  während  des  Verdichtungshubes  die  Selbstent- 
zündungstemperatur nicht  überschritten  wird.  Bei  der  entsprechen- 
den Verdichtungstemperatur  ist  jedoch  ein  grosser  Teil  des  Gasöles 
noch  nicht  verdampft,  sodass  neben  dem  durch  das  niedrigere 
Verdichtungsverhältnis  bedingten  niedrigen  thermischen  Wirkungs- 
grad auch  das  Niederschlagen  von  unverdampftem  Brennstoff 
an  den  Zylinderwandungen  die  Verarbeitung  von  Schwerölen  im 
Vergasermotor  unwirtschaftlich  macht. 

4.  Die  Eigenschaften  der  Schweröle  erfordern  vielmehr  die  Ver- 
arbeitung nach  dem  Dieselverfahren,  also  Einspritzen  des  Brenn- 
stoffes in  hochverdichtete  Luft  und  Selbstentzündung  an  dieser. 
Der  niedrige  Zündpunkt  der  Schweröle  erleichtert  bei  diesem 
Verfahren  die  Selbstentzündung,  während  der  grössere  Verdamp- 
fungsbereich derselben  für  eine  ruhige  Verbrennung  förderlich  ist. 
Diese  Erkenntnis  hat  dazu  geführt,  dass  man  in  Deutschland  bereits 
seit  mehreren  Jahren  der  Entwicklung  des  schnellaufenden  Fahr- 
zeugdieselmotors besondere  Aufmerksamkeit  gewidmet  hat, 
sodass  heute  schon  eingehende  Erfahrungen  über  die  Eignung  und 
Bewährung  dieser  Motoren  auf  ihren  verschiedenen  Anwendungs- 
gebieten vorliegen. 

5.  Die  Schweröle,  die  für  den  Betrieb  in  schneilauf  enden  Fahrzeug- 
motoren besonders  geeignet  erscheinen,  sind  im  wesentlichen  durch 
folgende  Eigenschaften  gekennzeichnet: 

Spezifisches  Gewicht  bei  20°C  ...  ...     unter  0,910 

(über   0,835   mit    Rücksicht   auf   Zollvorschriften   und 
Gütertarif  in  Deutschland) 
\'erhalten  in  der   Kälte:   noch  fliessend  bei  0°C 
Viskosität  nach  Engler  bei  20°C  ...  ...     unter  2,5 

Flammpunkt  in  offenem  Tiegel  ...  ...     über  65 °C 

(mit   Rücksicht  auf  feuerpolizeiliche  Vorschriften) 
Verdampfbarkeit:  bis  350°C  sollen  überdestillieren  mindestens  90% 
Gehalt  an  Wasser  ...  ...  ...  ...     höchstens  1  % 


Gehalt  an  Schwefel 
Gehalt  an  Wasserstoff 
Gehalt  an  Asche 
Unterer  Heizwert  von  1  ks 


höchstens  2% 
mindestens  12% 
höchstens  0,02O(, 
mindestens  9  900  cal. 


6.  Die  Preise  der  Schweröle  bewegen  sich  in  Deutschland  zur 
Zeit  je  nach  dem  Ort,  der  Qualität  und  der  abgenommenen  Menge 
zwischen  rund  M 12.-  und  M23.-  für  100  kg.     Die  höheren  Preise 
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gelten  für  die  leichteren  Oele,  die  besonders  für  den  Fahrzeug- 
betrieb in  Städten  usw.  bevorzugt  werden. 

7.  Eine  weitere  Gruppe  von  Schwerölen  bilden  die  Steinkohlen- 
teeröle,  Destillate  des  Steinkohlenrohteers,  die  im  wesentlichen  aus 
aromatischem  Kohlenwasserstoff  bestehen.  Während  diese  Oele 
vor  und  während  des  Krieges  als  Treiböle  für  Dieselmotoren  wegen 
ihres  niedrigen  Preises  in  Deutschland  eine  wichtige  Stellung 
einnahmen,  kommen  sie  in  den  letzten  Jahren  für  diesen  Zweck 
nur  wenig  in  Frage.  Die  Ursache  dafür  liegt  darin,  dass  ihr  Absatz- 
gebiet für  andere  Verwendungszwecke  sich  wesentlich  erweitert 
hat  und  dadurch  ihr  Preis  erheblich  gestiegen  ist,  sodass  er  heute 
dem  des  Gasöls  mindestens  gleichkommt.  Dagegen  erscheinen  die 
Teeröle,  vor  allem  infolge  ihres  bei  wesentlich  höheren  Temperaturen 
liegenden  Zündpunktes,  für  die  Verarbeitung  im  Dieselmotor  weniger 
gut  geeignet  als  die  Gasöle,  sodass  man  zunächst  für  die  hohen 
Anforderungen,  die  der  Betrieb  des  Schnelläufermotors  an  den 
Brennstoff  stellt,  von  ihrer  Verwendung  in  solchen  Motoren  ganz 
abgesehen  hat. 

Bauarten   der   Schwerölmotoren 

8.  Im  Folgenden  sollen  die  wichtigsten  der  bisher  bekannt  gewor- 
denen deutschen  Motorbauarten  besprochen  werden. 

Der  Motor  der  M ayh ach- Motorenhan  G.m.b.H.,  Friedrichshafen,^ 
der  zum  erstenmal  auf  der  Eisenbahnausstellung  in  Seddin  im  Jahre 
1 924  gezeigt  worden  ist,  arbeitet  nach  dem  Dieselprinzip  mit  Druck- 
lufteinblasung. Er  leistet  bei  einer  Höchstdrehzahl  von  1  300 
Umdr.  i.d.  Minute  max.  150  PSe.  Die  Zylinderabmessungen  sind 
140  mm  Durchmesser  und  180  mm  Hub. 

Anordnung  und  Aufbau  des  Motors  sind  aus  Abbildungen  2  und  3 
ersichthch.  Der  Motor  hat  6  Arbeitszylinder,  welche  in  einem 
einzigen  Blockgusstück  zusammengefasst  sind.  Jeder  Zylinder 
besitzt  ein  Ein-  und  Auslassventil,  ein  Einblaseventil,  ein  Anlass-  und 
ein  Sicherheitsventil.  Die  Steuerung  der  Ventile  erfolgt  unter 
Zwischenschaltung  eines  Schwinghebels  von  der  auf  dem  Block- 
zylinder gelagerten  Steuerwelle  aus.  Die  Kurbelwelle  ist  in  dem 
kräftig  gehaltenen  Graugussgehäuse  in  7  Norma-Rollenlagern 
gelagert.  Auch  die  unteren  Treibstangenlager  sind  als  Rollenlager 
ausgebildet. 

Die  Brennstoffpumpe  ist  ein  vollständig  in  sich  geschlossener 
Apparat,  welcher  auf  der  Stirnseite  des  Motors  über  dem  Schwungrad 

^  Reichsbahnrat  Dipl.-Ing.  Ebel,  Berlin.    Glasers  Analen  1.  November  1924, 
Seite  224. 
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leicht  abnehmbar  angeordnet  ist.  Für  jeden  Arbeitszyhnder  ist  ein 
Pumpenstempel  vorgesehen,  der  die  Brennstoffmenge  nach  dem 
Einblaseventil  fördert.  Mit  der  Brennstoffpumpe  zusammengebaut 
ist  ein  Maximalregler,  der  ein  Ueberschreiten  der  zulässigen 
Höchstdrehzahl  verhindert.  Die  seitlich  angeordneten  Einblase  ventile 
sind  unmittelbar  zugänglich,  sodass  die  Brennstoffnadeln  leicht 
nachgesehen  werden  können.  Als  Nadelpackung  sind  selbstspannende 
Dichtungsringe  verwendet,  die  eine  Wartung  oder  ein  Nachziehen 
der  Packung  unnötig  machen.  Die  Ventile  arbeiten  bei  konstantem 
Nadelhub  mit  Düsenreguherung,  die  gleichzeitig  mit  der  Verstellung 
der  Brennstoffpumpe  betätigt  wird. 


Abb.  2  und  3. 
Sechsz^'linder-Dieselmotor  mit  Lufteinblasung  des  Brennstoffes;  Maybach- 
Motorenbau   G.m.b.H.,   Friedrichshafen  a.B.      (a)    Brennstoffeinspritzventil, 
(b)   Anlassventil,    (c)    Sicherheitsventil,    [d)    Anlassluftverteiler. 

Zur  Erzeugung  der  Einblase-  und  Anlassluft  ist  mit  dem  Motor 
ein  dreistufiger  Kompressor  mit  eingebauten  Zwischenkühlern 
durch  elastische  Kupplung  direkt  gekuppelt.  Das  Anlassen  der 
Maschine  erfolgt  mittels  Druckluft,  die  durch  einen  Verteiler  den 
einzelnen  Zylindern  zugeteilt  wird.  Das  am  Zylinder  sitzende 
Anlassventil  wirkt  als  automatisches  Rückschlagventil,  welches  die 
betreffenden  Zyhnder  vom  Anlassverteiler  abschaltet,  sobald  die 
Zündung  erfolgt. 

Der  Brennstoffverbrauch  des  Motors  beträgt  bei  einer  Belastung 

von  etwa   120  PSe  rund    185-190  g  und  steigt  bei  Halb-  bezw. 

Höchstlast   um    IO-IS^/q.      Der   Schmierölverbrauch   beträgt   etwa 

0,3  kg  pro  Motorstunde. 

Die  Aussenmasse  des  Motors  sind 

Länge  über  alles         ...  ...  ...  2  000  mm 

Grösste  Breite  ...  ...  ...  725  mm 

Gesamte  Höhe  ...  ...  ...  1  200  mm 

Das  Gewicht  des  Motors  einschhessHch  Kompressor  und  Auspuffrohr, 

ohne  Kühler,  Brennstoffbehälter  und  Anlassgefässe  beträgt  etwa 

1  260  kg. 
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9.  Alle  weiteren  bisher  bekannt  gewordenen  schnellaufenden 
Fahrzeugmotoren  machen  Gebrauch  von  den  in  den  letzten  Jahren 
entwickelten  Verfahren  der  luftlosen  Einspritzung  des  Brennstoffes. 
So  bedient  sich  der  von  der  Maschinenfabrik  Augsburg-Nimiberg 
A.G.,  Werk  Augsburg,  vor  einigen  Jahren  auf  den  Markt  gebrachte 
Fahrzeugdieselmotor^  der  sogenannten  Strahl-  oder  Druckzerstäu- 
bung. Bei  diesem  Verfahren  wird  der  Brennstoff  unter  hohem 
Druck  durch  Düsen  mit  entsprechenden  Bohrungen  direkt  in  den 
Verbrennungsraum  eingespritzt.  Die  notwendige  Zerstäubung  des 
Brennstoffes  ergibt  sich  als  Folge  des  hohen  Einspritzdruckes, 
während  die  Verteilung  auf  die  Arbeitsluft  durch  entsprechende 
Gestaltung  des  Verbrennungsraumes  und  Richtung  der  Brennstoff- 
strahlen, und  gegebenenfalls  in  Verbindung  mit  einer  zwangläufigen 
Wirbelbewegung,  die  der  Arbeitsluft  erteilt  wird,  sichergestellt  wird. 

Aus  Abbildung  4  ist  die  Art  der  Einspritzung  bei  der  MAN-Maschine 
ersichtlich.  Durch  die  Brennstoffpumpe  a  wird  der  Brennstoff 
angesaugt,  durch  die  Druckleitung  b  nach  einer  oder  mehreren 
Brennstoffdüsen  c  in  den  Verbrennungsraum  eingespritzt.  Als 
Brennstoffdüse  wird  eine  offene  Düse  verwendet,  die  im  Gegensatz 
zu  dem  sogenannten  Nadelventil  mit  selbsttätiger  federbelasteter 
Nadel  keinerlei  bewegte  Teile  enthält,  sodass  die  ganze  Einspritz- 
vorrichtung sich  durch  besondere  Einfachheit  auszeichnet.  Günstig 
wirkt  auch  der  Umstand,  dass  sich  die  Brennstoffleitung  stets 
selbsttätig  entlüftet,  da  keine  Gelegenheit  zur  Bildung  von  Luft- 
säcken gegeben  ist. 

Die  Brennstoffpumpe  ist  in  einem  Block  seitlich  am  Motorgehäuse 
angebaut  (Abbildungen  5  und  6)  und  leicht  zugänglich.  Sie  besitzt 
eine  Füllungsregulierung  c,  die  entsprechend  der  Einstellung  der 
Füllung  von  Hand  oder  durch  den  Regler  ein  Ueberströmventil 
früher  oder  später  öffnet  und  dadurch  die  Einspritzung  in  den 
Zyhnder  bei  gleichbleibendem  Einspritzbeginn  früher  oder  später 
unterbricht.  Ferner  ist  ein  Hebel  d  zur  Verstellung  des  Einspritz- 
zeitpunktes vorhanden  sodass  die  Möglichkeit  gegeben  ist,  die  im 
Interesse  der  Wirtschaftlichkeit  und  des  ruhigen  Ganges  des 
Motors  jeweils  günstigste  Einspritzzeit  einzustellen. 

Das  Anlassen  der  Maschine  erfolgt  bei  kleineren  Leistungen  von 
Hand,  wobei  während  des  Andrehens  mit  Hilfe  des  Hebels  e  die 
Kompression  ausgeschaltet  wird.  Nach  Erreichung  einer  genügen- 
den Drehzahl  wird  zunächst  1  Zyhnder  auf  Kompression  geschaltet, 
der  nach  Einleitung  der  Zündung  das  Einschalten  der  weiteren 

^Z.d.V.D.I.  1925,  Seite   1125.    Dr.-In-;.  \V.  Riehm,  Augsburg. 
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Abb.  4. 

Dieselmotor     mit     Druckeinspritzung     des     Brennstoffes;     Maschinenfabrik 

Augsburg-Nürnberg  A.G.,  Werk  Augsburg,    (a)  Brennstofifpumpe,  (b)  Brenn- 

stofEdruckleitung,  (c)  Brennstoffdüse,  (d)  Welle  der  Füllungsregelung,  [e)  Welle 

zur  Verstellung  des  Einspritzzeitpunktes. 
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Zylinder  auf  Kompression  und  Zündung  gestattet.  Meist  ist  gleich- 
zeitig oder  auch  ausschliesslich  das  Anlassen  in  bekannter  Weise 
mittels  elektrischem  Anlassmotor  h  vorgesehen,  wie  aus  den  Abbil- 
dungen hervorgeht.  Bei  grösseren  Maschinen  wird  auch  von  dem 
Verfahren  des  Anlassens  mittels  Druckluft  Gebrauch  gemacht. 

Die  MAN  hat  in  mehrjähriger  Entwicklungszeit  bereits  mehrere 
Typen  von  schnellaufenden  Fahrzeugdieselmotoren  durchgebildet, 
die  in  Drei-,  Vier-  und  Sechszylinderausführung  gebaut  werden. 
Abbildung  4  zeigt  den  kleinsten  Typ  mit  120  mm  Zylinderdurch- 
messer und  180  mm  Hub  in  Vierzylinderausführung.  Die  Maschine 
leistet  maximal  60  PSe  bei  1  200  Umdrehungen  in  der  Minute.  Das 
Gehäuseunterteil  ist  in  Aluminiumguss,  der  Zylinderblock  und  die 
Zyhnderdeckel  sind  in  Gusseisen  ausgeführt.  Die  Kurbelwelle  ist 
siebenfach  in  Gleitlagern  gelagert.  Auch  die  Treibstangen  sind  mit 
Gleitlagern  versehen.  Die  Schmierung  des  Triebwerkes  erfolgt 
durch  Drucköl,  das  durch  eine  Zahnradpumpe  gefördert  wird. 
Sämtliche  beweghchen  Teile  sind  staub-  und  öldicht  gekapselt. 
Das  Gewicht  des  Vierzylindermotors  ohne  Schwungrad,  Anlasser 
und  Lichtmaschine  beträgt  530  kg. 
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Abb.  7. 
Brennstoffverbrauch  bei  verschiedenen  Drehzahlen,    (a)  für  400  Umdrehungen, 
{h)  für  600  Umdrehungen,  (c)  für  800  Umdrehungen,  [d)  für  1  000  Umdrehun- 
gen, {e)  für  1  100  Umdrehungen. 

Der  nächst  grössere  Typ  hat  einen  Zylinderdurchmesser  von 
165  mm  und  einen  Hub  von  220  mm.  Die  Höchstleistung  der 
Sechszylindermaschine  beträgt  180  PSe  bei  einer  Drehzahl  von 
1  000  in  der  Minute.  Der  Aufbau  ist  aus  den  Abbildungen  5  und  6 
ersichtlich.  Bei  diesem  Typ  ist  der  gusseiserne  ZyUnderblock  bis 
unter  die  Kurbelwelle  heruntergezogen  und  nach  unten  durch 
einen  Trog  aus  Aluminiumguss  abgeschlossen.  Die  gusseisernen 
Zyhnderbüchsen  sind  für  sich  eingesetzt.  Das  Triebwerk  ist  durch 
entsprechende    Oeffnungen    von    beiden    Seiten    zugänglich.     Das 
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Gewicht  des  Sechszylindermotors  beträgt  ohne  Schwungrad  1  550  kg. 
Für  grössere  Leistungen  kommen  Motoren  mit  220  mm  Zylinder- 
durchmesser und  320  mm  Hub  bezw.  280  mm  Zylinderdurchmesser 
und  380  mm  Hub  zur  Verwendung,  die  50  bezw.  100  PS  Zylinderlei- 
stung bei  einer  Drehzahl  von  rund  700  in  der  Minute  besitzen. 


Abb.  8. 

Dieselmotor    mit   Druckeinspritzung;    Bauart   Dorner;    Max   Jüdel,    Stahmer, 
Bruchsal  A.G.,  Werk  Georgsmarienhiitte. 

Die  Sechszylindermaschinen  des  letzteren  Typs  besitzen  eine 
Leistung  von  600  PSe  bei  n  =  700.  Diese  Maschinen  sind  ebenfalls 
in  Gusseisen  ausgeführt.  Ihr  Einheitsgewicht  beträgt  rund  9  kg 
pro  PSe. 
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Über  den  Brennstoffverbrauch  der  Maschinen  gibt  Abbildung  7 
Aufschluss,  die  den  Brennstoffverbrauch  des  kleinsten  Typs  bei 
verschiedenen  Drehzahlen  und  Drehmomenten  zeigt.  Bei  Motoren 
mit  grösserer  Zylinderleistung  nimmt  der  Brennstoffverbrauch  ab 
bis  etwa  175  g/Pse-Stunde  bei  Normallast. 


10.  Ebenfalls  nach  dem  Verfahren  der  Druck-  oder  Strahlzerstäu- 
bung arbeitet  der  von  den  Eisenbahnsignalbauanstalten  Max  Jüdel, 
Stahmer,  Bruchsal  A.G.,  Werk  Georgsmarienhütte  bei  Osnabrück, 
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gebaute  Motor,  Bauart  Dorner.*  Wie  aus  Abbildung  8  hervorgeht, 
ist  derselbe  dadurch  gekennzeichnet,  dass  Brennstoff  pumpe  und 
Einspritzdüse  eng  zusammengebaut  sind,  sodass  die  Leitung 
zwischen  Pumpe  und  Düse  entfällt.  An  jedem  Zylinder  ist  daher  die 
zugehörige  Brennstoff  pumpe  direkt  angebaut.  Die  Maschine  hat 
einen  Zyhnderdurchmesser  von  95  mm  und  160  mm  Hub  und 
leistet  bei  1  000  Umdrehungen  in  der  Minute  35  PSe  in  4  Zylindern, 
Der  Brennstoffverbrauch  beträgt  bei  Normallast  210  g  pro  PSe 
und  Stunde. 

1 1 .  Bei  dem  in  Abbildung  9  dargestellten  Fahrzeugdieselmotor  von 
Junkers,  Dessau,  ^  wird  zur  Einspritzung  des  Brennstoffes  ebenfalls 
von  der  Strahlzerstäubung  in  Verbindung  mit  offener  Düse  Gebrauch 
gemacht.  Er  arbeitet  als  Zweitaktmotor  in  der  bekannten  Gegen- 
kolbenbauart. Der  einströmenden  Spülluft  wird  durch  entspre- 
chende Ausbildung  der  Einlasschlitze  eine  rotierende  Bewegung 
erteilt,  die  sowohl  eine  gute  Ausspülung  des  Zylinders  als  auch 
eine  Vermischung  der  Arbeitsluft  mit  dem  eingespritzten  Brennstoff 
bewirken  soll.  Der  Zylinderdurchmesser  beträgt  80  mm,  der  Hub 
der  Arbeitskolben  je  150  mm.  Das  Gehäuse  ist  aus  Silumin,  die 
Laufbüchsen  der  Arbeitsz^'linder  aus  Stahl  sind  eingesetzt.  Die 
Kurbelwelle  ist  zwischen  den  beiden  Zylindern  in  einem  schmalem 
Gleitlager  von  grossem  Durchmesser  gelagert.  Der  mit  den  oberen 
Arbeitskolben  verbundene  Spülpumpenkolben  aus  Leichtmetall 
hat  eine  kreisförmige  Stirnfläche  von  2 1 5  mm  Durchmesser,  von  der 
zwei  gleichgrosse  Abschnitte  von  57,5  mm  Pfeilhöhe  abgenommen 
sind,  sodass  die  Kolbenfläche  quer  zur  Kurbelachse  nur  100  mm 
breit  ist. 

Der  Motor  leistet  bei  einer  Drehzahl  von  1  000  i.d.  Minute  normal 
45  PSe,  wobei  ein  Brennstoffverbrauch  von  rund  180  g/PSe-Stunde 
erzielt  wird.  Das  Gewicht  in  der  beschriebenen  Ausführung  in 
Silumin  beträgt  ohne  Schwungrad  280  kg. 

12.  Bei  der  luftlosen  Einspritzung  des  Brennstoffes  mit  Hilfe  der 
Vorkammerzündung  wird  der  gesamte  Brennstoff  in  eine  dem 
Arbeitsraum  des  Zylinders  vorgelagerte  Kammer  eingespritzt  und 
ein  Teil  davon  dort  verbrannt.  Diese  Teilverbrennung  in  der  Kammer 
liefert  dann  die  Energie  zur  Verteilung  und  Mischung  der  Haupt- 
brennstoffmenge mit  der  Arbeitsluft  des  Zylinders.  Nach  diesem 
\'erfahren  arbeitet  der  Motor  der  Daitnler-Benz  A.G.,  Gaggenau  in 
Baden,^  dessen  Zylinderkopf  in  Abbildung  10  dargestellt  ist.    Der 

'  Prof.  Dr.-Ing.  Kurt  Neumann,  Hannover.     Z.d.V.D.I.  1927,  Seite  781. 
'Prof.  Dr.-Ing.  A.  Nägel,  Dresden.    Z.d.V.D.I.  1927,  Seite  405. 
'"•  Dr.-tcchn.  A.  Heller,  Berlin.    Z.d.V.D.I.    1928,  Seite  104. 
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Brennstoff  wird  durch  ein  federbelastetes  Nadelventil  in  die  Vor- 
kammer eingespritzt,  von  wo  er  durch  die  sogenannte  Brennerdüse 
in  den  Arbeitsraum  des  Zylinders  gelangt.  Das  Anlassen  des  kalten 
Motors  kann  durch  eine  seitlich  in  die  Vorkammer  hineinragende 
Glühkerze  erleichtert  werden. 


Zylinderkopf   des  Dieselmotors    mit  Vorkammerzündung    der    Daimler-Benz 
A.G.,  Gaggenau  i.B. 

Der  für  Lastwagen  bestimmte  Sechszylindermotor  besitzt  einen 
Zylinderdurchmesser  von  105  mm,  einen  Hub  von  165  mm  und 
leistet  bei  1  300  Umdrehungen  in  der  Minute  70  PSe.  Das  Kurbel- 
gehäuse, die  beiden  Zylinderblöcke  und  die  6  Ventilhauben  bestehen 
aus  Leichtmetall,  die  Zylinder  selbst  sind  mit  auswechselbaren 
Laufbüchsen  aus  Gusseisen  versehen.  Die  Kurbelwelle  ist  in 
Gleitlagern  siebenmal  gelagert.  Die  Kolbenkörper  sind  aus  Grauguss, 
die  Kolbenböden  aus  Stahl  gefertigt.  Die  abnehmbaren  ZyHnder- 
köpfe   aus   Gusseisen  enthalten  die  Ein-  und  Auslassventile,   die 
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Brennstoff  ventile,  sowie  die  für  den  Zünd  Vorgang  erforderlichen 
Vorkammern.  Durch  zwei  Neben  wellen  auf  der  einen  Seite  des 
Kurbelgehäuses  werden  die  Brennstoffpumpe,  die  Wasserpumpe,  die 
Lichtmaschine  und  der  Fliehkraftregler  sowie  durch  eine  senkrecht 
nach  unten  gehende  Zwischenwelle  die  Brennstoffzubringerpumpe 
angetrieben.  Als  Brennstoff  pumpe  wird  die  später  beschriebene 
Pimipe  der  Firma  Rob.  Bosch  A.G.,  Stuttgart,  verwendet.  Das 
Anlassen  des  Motors  erfolgt  durch  einen  in  die  Aussenverzahnung 
des  Schwungrades  eingreifenden  elektrischen  Anlasser.  Der  Brenn- 
stoffverbrauch beträgt  bei  1  250  Umdrehungen  i.d.  Minute  und 
normalem  Drehmoment  etwa  200  g  pro  PSe  und  Stunde. 
1 3.  Der  von  der  Firma  Gebrüder  Körting  in  Körtingsdorf  bei  Hannover, 
gebaute  Fahrzeugmotor  arbeitet  ebenfalls  nach  dem  Vorkammerver- 
fahren. Der  Sechszylindermotor  besitzt  bei  130  mm  Zylinder- 
durchmesser, 180  mm  Hub,  und  n  —  1  200  eine  Leistung  von  90 
PSe.  Das  Kurbelgehäuse  besteht  aus  zwei  Teilen,  einem  Oberteil  und 
einem  Unterteil  aus  Leichtmetall.  In  dem  Gehäuseoberteil  sind  die 
gusseisernen  Laufbüchsen  für  die  Arbeitszylinder  eingesetzt.  Die 
Kurbelwellenlager  befinden  sich  im  Gehäuseoberteil  und  werden 
nach  Abnahme  des  Gehäuseunterteils  zur  Besichtigung  bezw. 
Montage  zugänglich.  Die  Kurbelwelle  ist  siebenfach  gelagert  und 
wird  durch  Druckölschmierung  geschmiert.  Die  Arbeitskolben  sind 
aus  Gusseisen  und  durch  sogenannte  schwimmende  Zapfen  mit  der 
Pleuelstange  verbunden.  In  jedem  Zylinderdeckel  befinden  sich 
ausser  den  Bohrungen  für  Einlass-,  Auslass-,  Anlass-,  Lade-, 
Einspritz-,  Sicherheitsventil  und  Glühkerze  die  Vorkammer  mit 
engem  Verbindungskanal  nach   dem  Arbeitszylinder. 

Die  Anlassventile  aus  nichtrostendem  Spezialstahl  dienen  zum 
Anlassen  des  Motors  mittels  Druckluft,  während  die  Ladeventile, 
die  an  vier  Zylindern  angebracht  sind,  zur  Entnahme  von  Luft 
aus  den  Arbeitszylindern  zum  Aufladen  der  Druckluftflaschen 
dienen.  Das  Einspritz ventil  ist  in  bekannter  Weise  als  Nadelventil 
ausgeführt.  Die  in  die  Vorkammern  eingebauten  Glühkerzen 
werden  beim  Anlassen  durch  elektrischen  Strom  zum  Glühen  ge- 
bracht und  werden  nur  beim  Anlassen  des  Motors  aus  kaltem 
Zustande  benötigt.  Die  Brennstoffpumpe  ist  auf  der  der  Steuerwelle 
gegenüber  liegenden  Längsseite  des  Motors  angeordnet.  Auf  der 
Nockenwelle  der  Brennstoffpumpe  ist  der  Sicherheitsregler  angeord- 
net, welcher  die  Höchstdrehzahl  der  Maschine  begrenzt. 

Zwei  Druckluftbehälter  aus  gezogenen  Stahlrohren  zum  Auf- 
speichern der  Anlassdruckluft  haben  einen  Inhalt  von  je  150  Liter. 
Das  Gewicht   des  kompletten   Motors  mit  Zubehör  beträgt  rund 
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1  000  kg,  die  Länge  über  alles  ca.   1  800  mm,  die   grösste    Breite 
710  mm  und  die  Gesamthöhe  1  120  mm. 

Abbildung  1 1  zeigt  die  Leistung,  den  mittleren  Arbeitsdruck  und 
den  Brennstoffverbrauch  des  Motors  bei  verschiedenen  Drehzahlen. 


■•/mm 

Abb.    11. 
(a)  Leistung,   (fc)  effekt.  Druck  und  (c)  spez.  Brennstofiverbrauch  des  Sechs- 
zylinder-Dieselmotors von  Gebr.  Körting  A.G.,  Körtingsdorf  bei  Hannover. 

14.  Die  Motorenfabrik  Deutz  A.G.,  Köln-Deutz,  baut  einen  Vier- 
taktmotor nach  dem  Zündkammersystem,  bei  dem  die  Zündkammer 
exzentrisch  im  Arbeitszylinder  angeordnet  ist,  wie  aus  Abbildung 
12  hervorgeht.  Der  Motors  wird  in  Vier- und  Sechszyhnderausfüh- 
rung  gebaut.  Bei  115  mm  ZyHnderdurchmesser  und  170  mm  Hub 
wird  bei  einer  Drehzahl  von  1  500  i.d.  Minute  eine  ZyHnderleistung 
von  15  PSe  erzielt.  Das  Gewicht  beträgt  700  kg  für  den  Vierzylinder- 
und  850  kg  für  den  Sechszylindermotor.  Der  Brennstoffver- 
brauch bei  Normallast  beträgt  rund  185  g  pro  PSe  und  Stunde. 
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15  Einen  Sechszylinder- Viertaktmotor  von  250  PS  Leistung,  der 
ebenfalls  nach  dem  Vorkammerverfahren  arbeitet,  haben  die 
Motorenwerke  Mannheim  A.G.,  Mannheim,  in  Konstruktion  und 
Bau.  Die  Maschine  hat  einen  Zylinderdurchmesser  von  200  mm  und 
einen  Hub  von  250  mm.  Sie  soll  die  angegebene  Leistung  bei  einer 
Drehzahl  von  1  000  in  der  Minute  erreichen.  Das  Gewicht  ohne 
Schwungrad  beträgt  3  200  kg;  einschliesslich  Schwungrad,  Oel 
und  Kühlwasser  besitzt  der  Motor  ein  Gesamtgewicht  von  3  500  kg. 


Abb.  12. 

Zylinderkopf    des    Dieselmotors  mit   Vorkammerzündung  der   Motorenfabrik 
Deiitz  A.G.,  Köln-Deutz. 

16.  Die  Firma  Rob.  Bosch  A.G.,  Stuttgart,'^  hat  einen  Motor  ent- 
wickelt, den  sogenannten  Acro-Motor,  dessen  Kennzeichen  der 
aus  Abbildung  13  ersichtliche  dreigliedrige  Verdichtungsraum 
bildet.  Die  im  Kolben  angeordnete  Höhle  a  steht  durch  den  Trichter 
b  mit  dem  Raum  c,  der  mit  der  Kolbenstellung  seinen  Inhalt  verän- 
dert, in  Verbindung.  Im  oberen  Totpunkt  soll  der  grösste  Teil  des 
'Prof.  Dr.-Ing.  R.  Stribeck,  Stuttgart.    Z.d.V.D.I.   1927,  Seite  765. 

c21  641 


INTERNAL  COMBUSTION  ENGINES 

Luftinhaltes  sich  in  der  Höhle  a  befinden,  aus  dem  er  beim  Kolben- 
niedergang wieder  in  der  Richtung  gegen  den  eingespritzten  Brenn- 
stoffstrahl austritt,  sodass  eine  innige  Vermischung  von  Luft  und 
Brennstoff  erzielt  wird.  Das  Arbeitsverfahren  dieses  Motors  gleicht 
demnach  dem  der  sogenannten  Verdrängermotoren,  bei  denen 
durch  entsprechende  Gestaltung  von  Kolben  bezw.  Zylinderdeckel 
eine  intensive  Luftbewegung  zur  Durchmischung  des  Brennstoffes 
mit  der  Luft  erstrebt  wird. 
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Abb.    13. 


Verdichtungsraum    des    Acro-Motors    der    Robert    Bosch    A.G.,    Stuttgart, 
(a)   Raum  im  Kolben,   {b)   Trichter,    [c)   veränderlicher  Verbrennungsraum. 

Die  genannte  Firma  beabsichtigt  nicht  den  Bau  von  Motoren 
nach  diesem  System  in  ihren  Werkstätten  selbst  aufzunehmen, 
sondern  beschränkt  sich  auf  die  Vergebung  von  Lizenzen  auf  das 
Arbeitsverfahren.  Gleichzeitig  hat  sie  sich  die  Fabrikation  von 
Brennstoffpumpen  und  Einspritzdüsen  für  kompressorlose  Motoren 
zur  Aufgabe  gemacht,  die  unabhängig  von  dem  Einspritzverfahren 
oder  der  Bauart  des  Motors  in  der  Praxis  Verwendung  finden  sollen 
und  zum  Teil  auch  bereits  Eingang  gefunden  haben.  Die  Brenn- 
stoffpumpe wird  in  Ein-,  Zwei-,  Drei-,  Vier-  und  Sechszylinderaus- 
führung gebaut  und  ist  mit  rückdruckfreier  Füllungsregelung  sowie 
mit  einer  Einrichtung  zur  Verstellung  des  Einspritzbeginnes 
versehen.  Gewicht  und  Platzbedarf  sind  sehr  gering,  sodass  sie 
in  einfacher  Weise  am  Motor  angeordnet  werden  kann. 
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Anwendungsgebiete 
Die  wichtigsten  Gebiete,  auf  denen  der  schnellaufende  Diesel- 
motor für  ortsbewegliche  Anlagen  bereits  Eingang  gefunden  hat, 
sollen  im  Folgenden  kurz  besprochen  und  dabei  die  besonderen 
Vorteile,  die  er  für  das  betreffende  Anwendungsgebiet  mit  sich 
bringt,  hervorgehoben  werden. 

17.  Antrieb  von  Schiffen,  Booten  usw.  Für  den  Antrieb  von  Schiffen 
hat  der  Dieselmotor  schon  seit  längerem  festen  Fuss  gefasst,  da 
seine  besonderen  Eigenschaften,  wie  sofortige  Startbereitschaft, 
sparsamster  Brennstoffverbrauch  und  kleiner  Raumbedarf  ihn 
dafür  als  besonders  geeignet  erscheinen  Hessen.  Auch  die  Nicht- 
feuergefährhchkeit  des  Brennstoffes  bietet  für  die  Lagerung  und 
Förderung  im  Schiff  grosse  Vorteile.  Durch  die  Ausbildung  der 
schnellaufenden  und  leicht  gebauten  Maschinen  wird  dem  Diesel- 
motor auch  das  Feld  der  kleinen  und  schnellen  Boote  eröffnet,  wo 
gewisse  Bedingungen  hinsichtlich  leichten  Gewichtes  erfüllt  sein 
müssen.  Bei  Leichtmaschinen  grösserer  Leistung  kommt  dem 
Dieselmotor  zustatten,  dass  er  in  einfacher  Weise  umsteuerbar 
gebaut  werden  kann,  sodass  die  Verwendung  von  Umsteuerschrauben 
oder  Wendegetrieben  entfallen  kann.  So  wird  z.B.  die  obenerwähnte 
Sechszyhndermaschine  von  300  bezw.  600  PSe  Leistung  der  MAN 
auch  mit  direkter  Umsteuerung  ausgeführt. 

18.  Antrieb  von  Lastwagen,  Omnibussen  usw.  Mit  der  Verwendung 
des  Dieselmotors  zum  Antrieb  von  Kraftfahrzeugen  ist  derselbe 
in  ein  Gebiet  eingedrungen,  das  bisher  fast  ausschUesslich  dem 
Vergasermotor  vorbehalten  war.  Die  Frage,  ob  sich  der  Dieselmotor 
auf  diesem  Gebiete  im  Wettbewerb  mit  dem  hochentwickelten 
Vergasermotor  werde  durchsetzen  können,  und  insbesondere  ob 
seine  Eigenschaften  den  Anforderungen  des  Fahrbetriebes  entspre- 
chen, darf  heute  auf  Grund  der  vorliegenden  Erfahrungen  bejaht 
werden.  Was  zunächst  die  Frage  der  bauHchen  Gestaltung  angeht, 
so  ist  hinsichtlich  des  erzielbaren  Baugewichtes  festzustellen,  dass 
infolge  der  höheren  Verbrennungsdrücke  beim  Dieselmotor  mit 
einer  Gewichtserhöhung  gegenüber  dem  gleich  starken  Vergaser- 
motor von  10-15%  gerechnet  werden  muss.  Das  Gewicht  wird 
teilweise  ausgeglichen  durch  den  wirtschaftlicheren  Brennstoffver- 
brauch, der  gegebenenfalls  ein  geringeres  mitzuführendes  Brenn- 
stoffgewicht für  eine  bestimmte  Fahrzeit  gestattet  und  ferner  durch 
eine  kleinere  Bemessung  des  Rückkühlers,  da  der  günstigere 
Brennstoffverbrauch  auch  eine  geringere  im  Kühlwasser  abzuführen- 
de Wärmemenge  zur  Folge  hat.    Im  allgemeinen  spielt  auch  bei 
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Lastwagen  usw.  das  Motorgewicht  keine  so  ausschlaggebende  Rolle, 
dass  es  der  Einführung  des  Dieselmotors  im  Wege  stehen  könnte. 

Die  Fahreigenschaften  des  Diesehnotors  haben  sich  denen  des 
Vergasermotors  mindestens  als  gleichwertig  erwiesen.  Bemerkens- 
wert ist  vor  allem,  dass  der  Motor  sofort  nach  dem  Anlassen  hohe 
Belastung  verträgt  und  sofort  hohe  Zugkraft  entwickelt,  ganz  im 
Gegensatz  zu  den  entsprechenden  Eigenschaften  des  Vergasermotors. 
Femer  ist  der  Dieselmotor,  da  er  auf  Aenderungen  der  Füllung  der 
Brennstoffpumpe  sofort  reagiert,  sehr  elastisch.  Er  folgt  dem 
Eingriff  des  Führers  rascher  als  der  Vergasermotor  und  kann  in 
kürzester  Zeit  in  weiten  Drehzahlgrenzen  reguliert  werden.  Besonders 
günstig  wird  auch  beim  Dieselmotor  die  hohe  Zugkraft  bei  geringen 
Drehzahlen  empfunden,  die  ein  weniger  häufiges  Schalten  wie 
beim  Vergasermotor  zur  Folge  hat. 

Die  Bedienung  und  Wartung  des  Dieselmotors  durch  den  Fahrer 
bietet  keinesfalls  mehr  Schwierigkeiten  als  beim  Vergasermotor. 
Der  Einspritzvorgang  des  Dieselmotors  ist  seinem  Verständnis 
leicht  zugänglich  und  übersichthch.  Die  Behebung  von  Störungen 
bereitet  daher  erfahrungsgemäss  keine  besonderen  Schwierigkeiten, 
da  die  Störungsquellen  gegebenenfalls  leicht  aufzufinden  sind. 

Die  Wirtschaftlichkeit  des  Dieselmotors  im  Fahrzeugbetrieb 
ist  in  erster  Linie  da  gegeben,  wo  grosse  Fahrzeiten  in  Frage  kommen, 
beziehungsweise  wenn  die  Brennstoffkosten  einen  erheblichen 
Teil  der  Gesamtbetriebskosten  ausmachen,  insbesondere  also  bei 
schweren  Lastkraftwagen  und  Anhängerbetrieb.  Zahlreiche  Ver- 
gleichsfahrten von  Lastwagen  gleicher  Bauart  mit  Dieselmotoren 
gegenüber  Benzinmotoren  haben  ergeben,  dass  der  Verbrauch  an 
Brennstoffgewicht  beim  Dieselmotor  etwa  2/3  desjenigen  des 
Vergasermotors  beträgt.  Folgende  Tabelle  enthält  die  Ergebnisse 
von  Messungen  einer  amtlichen  Behörde,  die  mit  MAN-Lastwagen 
mit  Vergaser-  und  Diesehnotoren  durchgeführt  wurden. 


Ladung. 

Strassen- 
verhältnisse. 

Brennstoffverbrauch 
für  100  km  in  kg. 

Verbrauch  des 

Dieselmotors 

in  %  des 

Verbrauches  des 

Vergasermotors. 

Diesel- 
motor. 

Vergaser- 
motor. 

vollbeladen 
vollbeladen 

Bergstrecke 
ebene  Strasse 

50 
35 

80 
55 

62,5 
63,5 

Leerfahrt 
Leerfahrt 

Bergstrecke 
ebene  Strasse 

40 
30 

65 
45 

62 
66,5 
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Zu  dem  geringeren  Brennstoffverbrauch  tritt  die  Ersparnis  infolge 
des  geringeren  Preises  der  für  den  Dieselmotor  verwendeten  Treib- 
öle.  Gegenüber  den  Preisen  der  für  Fahrzeugzwecke  besonders  geeig- 
neten Gasöle  von  M\6.-  bis  M23.-  für  100  kg  steht  ein  Preis 
für  einen  Vergasermischbrennstoff  mit  etwa  30  bis  40%  Benzol 
und  70  bis  60%  Benzin  von  etwa  M35.-  pro  100  kg.  Es  ergibt 
sich  somit  selbst  bei  Verwendung  des  besten  Gasöles,  dass  die 
Brennstoffkosten  des  Dieselmotors  selbst  im  ungünstigsten  Falle 
nicht  mehr  als  etwa  40°(j  der  des  Vergasermotors  betragen.  Wenn 
auch  die  Eigenschaft  der  geringeren  Feuergefährhchkeit  der  Schwer- 
öle beim  Lastwagenbetrieb  im  allgemeinen  keine  entscheidende 
Rolle  spielt,  so  ist  sie  insofern  doch  auch  mit  wirtschaftlichen 
Vorteilen  verknüpft,  als  hinsichthch  der  Lagerung  des  Brennstoffes 
und  der  Einstellung  der  Fahrzeuge  in  Garagen  keinerlei  einschrän- 
kenden polizeilichen  Vorschriften  bestehen,  die  besondere  mit 
entsprechenden  Ausgaben  verbundene  Sicherheitseinrichtungen 
erforderlich  machen. 

Was  die  Frage  der  Betriebssicherheit  des  Dieselmotors  anbetrifft, 
so  kann  auf  Grund  der  Erfahrungen,  die  man  an  den  bisher  dem 
praktischen  Betrieb  übergebenen  rund  100  Lastwagen  mit  MAN- 
Dieselmotoren  gesammelt  hat,  gesagt  werden,  dass  diese  durchaus 
den  Anforderungen  des  Fahrzeugbetriebes  entsprochen  haben  und 
nicht  daran  zweifeln  lassen,  dass  der  Dieselmotor  auch  in  dieser 
Beziehung  dem  hochentwickelten  Vergasermotor  gleichwertig  zur 
Seite  stehen  wird.  Einen  Beweis  dafür  liefern  die  häufigen  Nach- 
bestellungen auf  Diesellastwagen  für  den  gleichen  Betrieb.  So 
besitzt  eine  Brauerei  in  Augsburg  bereits  4  Diesellastwagen,  von 
denen  der  älteste  heute  über  50  000  km  zurückgelegt  hat,  ohne 
dass  grössere  Ueberholungsarbeiten  notwendig  waren. 
19.  Antrieb  von  Eisenbahniriehwagen ,  Lokomotiven  usw.  Als  Antriebs- 
motor für  Eisenbahntriebwagen  und  kleinere  Lokomotiven  hat 
der  schnellaufende  Fahrzeugdieselmotor  ebenfalls  schon  vielfach 
Eingang  gefunden.  Bei  der  Deutschen  Reichsbahngesellschaft 
befinden  sich  eine  Anzahl  Triebwagen  mit  Motoren  der  Maybach- 
Motorenwerke,  Friedrichshafen  a.B.,  der  Maschinenfabrik  Augsburg- 
Nürnberg  A.G.  und  der  Firma  Körting,  Hannover,  im  Betrieb 
bezw.  in  der  Erprobung.  Diese  Wagen  sind  zum  Teil  mit  einem,  zum 
Teil  mit  zwei  Antriebsmotoren  versehen.  Ferner  sind  bei  den  Nie- 
derländischen Eisenbahnen  8  Triebwagen  mit  MAN-Sechsz3dinder- 
motoren  in  regelmässigem  Dienst.  Daneben  befinden  sich  einige 
weitere  Wagen  mit  zum  Teil  grösseren  Antriebsmotoren  im  Bau. 
Auch  Lokomotiven  mit  Antrieb  durch  schnellaufende  Diesehnotoren 
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von  kleinerer  bis  mittlerer  Leistung  befinden  sich  bereits  in 
grösserer  Anzahl  im  Betrieb.  Für  grosse  Leistungen  hat  man 
bisher  noch  den  Dieselmotor  mit  einer  mittleren  Drehzahl  von 
400-450  i.d.  Minute  verwendet;  die  neuere  Entwicklung  geht 
dahin,  auch  für  diese  Lokomotiven  Motoren  mit  höherer  Drehzahl 
zu  verwenden. 

Von  wesentlicher  Bedeutung  für  die  Entwicklung  der  Diesel- 
triebwagen und  Diesellokomotiven  ist  die  Art  der  Kraftübertragung 
vom  Motor  auf  die  Triebräder.  Am  häufigsten  hat  bisher  die 
mechanische  üebertragung  mittels  Wechsel-  und  Wendegetriebe 
Anwendunggefunden,  die  mit  günstigem  Uebertragungswirkungsgrad 
den  Vorteil  geringen  Gewichtes  sowie  der  Einfachheit  und 
Billigkeit  verbindet.  Andererseits  stellt  diese  Uebertragungsart 
jedoch  auch  höhere  Anforderungen  an  den  Motor,  da  beim  Schalten 
der  einzelnen  Gänge  stets  die  verhältnismässig  grosse  Masse  des 
Triebwagens  oder  der  Lokomotive  samt  den  Anhängewagen 
beschleunigt  oder  verzögert  werden  muss,  wodurch  starke 
Belastungsstösse  auf  den  Motor  kommen.  Diesem  Umstand  muss 
durch  entsprechende  Bemessung  der  Leistung  des  Motors  sowie 
auch  durch  Ausbildung  des  Getriebes  und  der  Kupplungen  Rechnung 
getragen  werden. 

Die  hydraulische  L'ebertragung  hat  in  den  letzten  Jahren  keine 
Fortschritte  gemacht,  da  ein  geeignetes  hydraulisches  Getriebe, 
insbesondere  für  grössere  Leistungen,    noch   nicht  vorhanden  ist. 

Grössere  Verbreitung  hat  dagegen  die  elektrische  Üebertragung 
gefunden,  trotzdem  sie  sich  verhältnismässig  teuer  und  schwer 
gestaltet.  Sie  bietet  dagegen  den  Vorteil  grösster  Einfachheit  für 
die  Bedienung  und  besitzt  günstige  Fahreigenschaften,  insbesondere 
beim  Anfahren.  Ebenso  wirkt  sich  diese  Uebertragungsart  auch 
günstig  für  den  Motor  aus,  da  dieser  von  Schaltstössen  und  plötz- 
hchen  Ueberbeanspruchungen  verschont  bleibt,  während  er  gleich- 
zeitig stets  mit  seiner  vollen  Leistung  ausgenützt  werden  kann. 
Man  hat  bereits  verschiedene  Regulierungsarten  ausgebildet,  die 
sich  im  praktischen  Betrieb  gut  bewährt  haben. 

Die  Wirtschaftlichkeit  des  Dieselmotors  macht  sich  durch  seinen 
geringen  Brennstoffverbrauch  und  den  niedrigen  Treibölpreis  im 
Eisenbahnbetrieb  mit  seinen  verhältnismässig  hohen  Fahrtleistun- 
gen ganz  besonders  bemerkbar.  Vergleichsfahrten  von  Eisenbahn- 
triebwagen gleicher  Grösse  mit  Benzin-  bezw.  Dieselmotoren 
ergaben  einen  Verbrauch  an  Benzin  von  rund  0,44  Liter  pro  km 
gegenüber  einem  Verbrauch  an  Gasöl  von  rund  0,34  Liter  pro  km 
bei  einer  stündlichen  Geschwindigkeit  von  45  bezw.  48  km. 
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Ferner  bietet  auch  beim  Triebwagen  der  Fortfall  der  Feuergefähr- 
lichkeit einen  beachtenswerten  Vorteil  gegenüber  dem  Benzol-  oder 
Benzinbetrieb.  Die  Unterbringung  des  Brennstoffes  im  Trieb- 
wagen und  die  Verlegung  der  Brennstoffleitungen  kann  ohne 
Gefahr  für  die  Fahrgäste  und  ohne  verteuernde  Sicherheitsmass- 
nahmen  erfolgen. 

20.  Verschiedene  Verwendungszwecke.  Neben  den  oben  gekennzeich- 
neten Hauptanwendungsgebieten  des  schnellaufenden  Leichtdiesel- 
motors hat  derselbe  in  einer  Reihe  anderer  Anwendungsgebiete 
Eingang  gefunden,  so  z.B.  für  Krane,  Bagger,  Motorpflüge,  Strassen- 
walzen,  fahrbare  Kompressoren  und  Lichtmaschinen,  wie  auch  als 
Hilfsmaschinen  für  Schiffe,  Lokomotiven  usw.  Auch  für  ortsfeste 
Anlagen  hat  sich  der  Motor  in  solchen  Fällen,  wo  es  vor  aUem  auf 
Raumersparnis  ankommt,  eingeführt. 


THE   PRESENT   POSITION   OF  THE   HIGH-SPEED   HEAVY   OIL 
AUTOMOBILE  ENGINE 

DR.      W.      RIEHM 

(English  Translation) 

The  high-speed  internal  combustion  engine  is,  at  the  present  time,  such  an 
important  means  of  locomotion,  that  any  attempt  to  increase  its  fuel  range 
must  be  of  economic  importance. 

The  fuels  at  present  employed  for  engines  of  this  type  are  limited  to  the  low- 
boiling  or  light  oils  such  as  gasoline,  benzol,  spirit,  or  mixtures  of  these  sub- 
stances, all  of  which  are  characterised  by  their  volatility,  even  at  comparatively 
low  temperatures,  and  also  by  their  very  low  flash-points.  The  possibility  of 
using  the  so-called  heavy  oils  for  high-speed  engines  has  only  recently  been 
considered.  These  oils  have  a  much  higher  boiling  range  than  the  light  oils, 
and  their  flash-points  are  so  high  that  the  risk  of  fire  is  negligible.  Included 
in  this  class  of  fuels  are  the  heavy  petroleum  distillates,  such  as  gas  oil,  which 
boil  between  150°  to  350°C.,  and  certain  shale  and  lignite  oils  which  possess 
similar  characteristics  and,  like  gas  oils,  are  also  essentially  composed  of 
paraffin  hydrocarbons.  While  the  low-boiling  oils  can  readily  be  utilised  in 
the  ordinary  type  of  automobile  engines  fitted  with  a  carburettor  and  ignition 
system,  attempts  to  use  heavy  oils  in  this  type  of  engine  met  with  little  success. 
The  reason  for  this,  as  shown  by  the  investigations  of  Tausz  and  Schulte, ^ 
lies  in  the  fact  that  the  spontaneous  ignition  temperatures  of  this  class  of  fuel 
under  increased  pressures  are  so  low  that  the  main  bulk  of  the  fuel  is  still  un- 
vaporised  when  this  temperature  is  reached  during  compression.  Complete 
vaporisation  before  the  ignition  temperature  is  reached  is,  therefore,  impossible. 

Fig.  1  shows  the  spontaneous  ignition  temperatures  in  air,  of  various  oils  in 
relation  to  the  pressure;  the  temperatures  reached  during  compression  are 

^  Mitt.  Chem.  Inst.  Techn.,  Hochsch.,  Karlsruhe.  2,  1924. 
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plotted  against  pressure  on  the  same  axes.  If  the  figures  for  gas  oils  are 
examined,  it  can  be  seen  that  the  ignition  temperature  is  actually  below  that 
of  benzol  or  gasoline  and,  therefore,  that  gas  oil  cannot  be  compressed  to  any 
considerable  extent  before  ignition  takes  place.  Since  at  this  temperature  the 
gas  oil  is  only  partly  vaporised,  beside«  low  efficiency  due  to  low  compression 
ratio,  unvaporised  fuel  is  deposited  on  the  cylinder  walls,  which  results  in 
considerable  carbonisation,  etc.  The  characteristic  properties  of  the  heavy 
oils,  therefore,  necessitate  the  utilisation  of  engines  of  the  Diesel  type,  in  which 
the  fuel  is  injected  into  highly  compressed  air,  so  that  ignition  at  once  occurs. 
In  this  type  of  engine  the  low  ignition  temperature  is  an  advantage,  while  the 
higher  range  of  volatility  produces  quieter  running. 

As  a  result  of  these  considerations,  much  attention  has  been  paid  to  the 
development  of  the  high-speed  Diesel  engine  in  Germany  during  the  last  few 
years,  and  considerable  information  concerning  this  type  of  engine  has  been 
obtained. 

The  heavy  oils  particularly  suitable  for  high-speed  Diesel  engine  use  arc 
characterised  by  the  following  properties: — 

S.G.  at  20°C.  below  O-QIO.^ 

Cold  test.  liquid  at  Q-C. 

Viscosity  (Engler  at  20°C.).  below  2-5. 

Flashpoint  (open  vessel).  above  65°C. 

Volatility.  90  per  cent,  must  distil  below  350°C. 

Water  content.  max.   1  per  cent. 

Sulphur  content.  max.  2  per  cent. 

Hydrogen  content.  min.   12  per  cent. 

Ash  content.  max.  0-02  per  cent. 

Calorific  value.  min.   9,900  cals,  per  Kg. 

The  price  of  these  oils  varies  in  Germany  between  12  and  23  Marks  per  100 
Kg.,  according  to  the  location,  the  quality  and  the  quantity  taken.  The 
higher  price  applies  to  the  lighter  products,  which  are  preferred  for  use  in 
towns.  Another  group  of  heavy  oils  suitable  for  high-speed  Diesel  engines 
is  formed  by  the  heavier  coal-tar  distillates,  which  consist  essentially  of  aro- 
matic hydrocarbons. 

Although  before  and  during  the  War  these  oils  were  in  great  demand  for 
Diesel  fuel  on  account  of  their  low  price,  this  demand  has  fallen  off  in  recent 
years.  The  reason  for  this  is  that  owing  to  other  uses  having  been  found  for 
them,  they  now  fetch  a  price  equivalent  to  that  of  the  best  grades  of  gas  oil 
and,  as  the  coal-tar  oils  are  less  suitable  than  the  gas  oils  for  fuel,  they  are 
no  longer  used  for  this  purpose. 

TYPES    OF    HEAVY    OIL    HIGH-SPEED    ENGINES 

A  description  is  given  below  of  the  most  important  types  of  high-speed 
engines  for  automobile  use  recently  designed  in  Germany. 

The  Maybach  Engine.  This  type  of  engine  was  exhibited  for  the  first  time 
at  the  Railway  Exhibition  in  Seddin  in  1924  ;  it  is  designed  on  the  Diesel 
principle  with  compressed  air  injection  and  develops  a  maximum  of  150  H.P. 
at  1,300  R.P.M.     The  bore  and  stroke  are  140  mm.  and  180  mm.  respectively. 

^  In  Germany  the  specific  gravity  is  above  0-835  in  view  of  import  duty  and 
special  goods  tariffs. 
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Fig.    1. 

(a)  Gas  oil,   (fc)   Gasoline,   (c)  Tar  oil,   {d)   Benzol.   (/)  shows  compression 

temperatures. 

The  design  and  general  arrangement  can  be  seen  from  Figs.  2  and  3.  The 
engine  has  six  cylinders  in  one  casting,  each  of  which  has  one  inlet  and  outlet 
valve,  an  injection  valve,  a  starting  valve  and  a  safety  valve.  These  valves 
are  opened  by  means  of  a  rocking  mechanism  operated  by  a  camshaft  carried 
on  the  cylinder  block.  The  capacious  crankcase  is  of  iron,  while  the  main 
shaft  is  carried  by  seven  roller  bearings.  The  big  ends  of  the  connecting  rods 
are  also  fitted  with  roller  bearings. 

The  fuel  pump  is  a  completely  enclosed  unit  placed,  to  facilitate  removal, 
on  the  front  of  the  engine  over  the  flywheel.  A  governor  is  incorporated  in 
this  pump  which  prevents  the  engine  being  run  above  a  certain  speed.      Each 


Figs.  2  and  3. 
a)  Injection  valve,   (t)   Inlet  valve,   (c)  Safety  valve,   (d)   Distributor. 
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Flg.  4 

{a)    Fuel   pump,    {b)    Fuel     pipe,    (c)    Fuel  jet,    (d)    Fuel   regulating   shaft, 
(e)   Injection  timing  shaft. 
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cylinder  is  provided  with  a  plunger  pump  for  conveying  the  fuel  to  the  injec- 
tion valves.  These  are  arranged  laterally  and  are  easily  accessible  for  clean- 
ing; special  self-stretching  packing  is  used  to  reduce  necessary  attention  to  a 
minimum.  The  valves  operate  at  regular  intervals,  practically  coinciding 
with  the  displacement  of  the  fuel  pump. 

The  air  for  starting  and  injection  is  compressed  by  means  of  a  three-stage 
compressor  fitted  with  intermediate  coolers  and  coupled  to  the  engine  by  a 
flexible  coupling.  When  starting,  the  air  is  distributed  to  the  cylinders  by  means 
of  a  distributor.  The  starting  valves  act  as  automatic  recoil  valves  and  cut 
ofi  each  cylinder  from  the  distributor  as  soon  as  firing  commences. 

The  fuel  consumption  of  this  engine  is  approximately  185  to  190  gm.  per 
horse-power-hour  with  a  load  of  120  H.P.;  it  varies  by  10  to  15  per  cent,  for 
half  or  maximum  load.  The  lubricating  oil  consumption  amounts  to  roughly 
0-3  Kg.  per  motor-hour. 

The  external  measurements  of  the  engine  are  as  follows: — 

Length  overall        ...  ...  ...  ...      2,000  mm. 

Breadth,  max.        ...  ...  ...  ...         725  mm. 

Height,  max.  ...  ...  ...  ...      1,200  mm. 

The  weight,  including  compressor  and  exhaust  but  without  radiator  and 
starting  tanks,  is  approximately  1,260  Kg. 

The  "MAN"  Engine.  All  other  types  of  high-speed  heavy  oil  engines  make 
use  of  the  method  of  air-free  or  solid  injection — developed  within  the  last  few 
years.  The  fuel  is  injected  directly  into  the  combustion  chamber  through  jets  of 
a  suitable  size  where,  owing  to  the  high  pressure  of  injection,  it  is  at  once  atom- 
ised. Even  distribution  of  the  fuel  is  ensured  by  the  design  of  the  combustion 
chamber,  the  direction  in  which  the  fuel  is  injected  and,  if  necessary,  by 
imparting  a  swirling  motion  to  the  air.  Fig.  4  illustrates  this  method  of 
injection  as  applied  to  the  "MAN"  engine. 

The  fuel  is  forced  by  means  of  the  pump  (a)  through  the  high-pressure  tubing 
{b)  and  injected  into  the  combustion  space  through  the  jets  (c),  which,  as 
distinct  from  the  so-called  needle  valves  with  their  automatic  spring-actuated 
needles,  possess  no  movable  parts  whatever;  this  method  of  injection  is 
therefore  characterised  by  its  great  simplicity.  Another  advantage  is  the 
impossibility  of  air  bubbles  forming  in  the  fuel  feed  lines  and  interfering  with 
the  running  of  the  engine.  In  the  "MAN"  engine  the  fuel  pump  is  placed  at  the 
side  of  the  engine  and  is  readily  accessible.      (Figs.  5  and  6.) 

The  engine  speed  is  regulated  by  the  device  (c)  which  opens  an  overflow 
valve,  thereby  interrupting  the  flow  of  fuel  to  the  cylinder.  The  lever  {d) 
allows  alteration  in  the  time  of  injection  to  be  made  and  provides  a  means  of 
controlling  the  fuel  consumption. 

The  engine  is  hand-started  by  means  of  a  lever  which  also  operates  a  decom- 
pressor. When  the  speed  of  rotation  is  sufficiently  high,  one  cylinder  is  put 
on  compression  and  a  charge  of  fuel  injected.  The  firing  of  the  first  cylinder 
puts  the  remaining  cylinders  under  compression  and  starts  them  firing.  As 
shown  in  the  diagram,  electrical  starters  are  also  employed.  The  larger 
engines  are  started  by  compressed  air.  A  number  of  motor  vehicles  have 
been  fitted  with  "MAN"  engines  of  various  types,  some  having  three  cylinders, 
others  four  or  six.  The  smallest  type,  a  four-cylinder  model,  has  a  bore  of 
120  mm.  and   a  stroke   of    180  mm.     At  1,200  R.P.M.  this  engine   develops 
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60  H.P.  The  crankcase  is  an  aluminium  casting,  while  the  cylinder-block  and 
head  are  of  cast  iron.  The  mainshaft  is  carried  by  seven  plain  bearings;  the 
connecting  rods  are  similarly  fitted.  The  gears  are  pressure  lubricated,  the 
oil  pressure  being  obtained  by  means  of  a  gear  pump.  All  movable  parts 
are  protected  from  dust  and  are  air-tight.  The  weight  of  the  engine  without 
flywheel  and  lighting  equipment  is  530  Kg. 

The  six-cylinder  engine  has  a  bore  of  165  mm.  and  a  stroke  of  220  mm.  It 
is  capable  of  developing  180  H.P.  at  1,000  R.P.M.  In  this  type  of  engine 
the  cast-iron  cylinder  block  is  continued  below  the  level  of  the  crankshaft  and 
is  fitted  with  a  cast  aluminium  drainage  tray.  The  cylinders  are  case-hardened. 
The  gearing  can  be  reached  from  both  sides  through  special  openings.  The 
weight  of  the  engine  without  flywheel  is  1,550  Kg.  The  largest  types  of 
"MAN"  engines  have  six  cylinders  each  with  a  bore  of  220  to  280  mm.  and  a 
stroke  of  320  to  380  mm.  They  develop  50  to  100  H.P.  per  cylinder  at 
700  R.P.M.,  are  constructed  of  cast  iron,  and  weigh  9  Kg.  per  horse-power-hour. 
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Fig.  7. 

Fuel  consumption  at  (a)  400  R.P.M. ,  {b)  600  R.P.M. ,  (c)  800  R.P.M.,  [d)  1.000 
R.P.M. ,  (e)  1,100  R.P.M. 


Fig.  7  shows  how  the  fuel  consumption  of  the  smallest  tjrpe  of  engine  varies 
with  speed  of  rotation  and  the  torque.  The  consumption  of  the  highest 
powered  engine  is  roughly  175  gm.  per  horse-power-hour  at  normal  load. 

The  Dorner  Engine.  This  engine  also  employs  the  solid  injection  system. 
From  Fig.  8  it  can  be  seen  that  the  engine  is  characterised  by  the  fact  that 
the  fuel  pump  and  the  jet  are  very  close  together  and  are  connected  by  a 
short  direct  pipe.  The  pump  for  each  cylinder  is  attached  to  it  directly. 
The  engine  has  four  cylinders,  each  with  a  bore  and  stroke  of  95  mm.  and 
160  mm.  respectively;  at  1,000  R.P.M.  it  develops  35  H.P.  The  fuel  con- 
sumption at  normal  load  is  210  gm.  per  horse-power-hour. 

The  Junker  Engine.  This  engine  operates  like  a  two-stroke.  The  air  on 
entering  the  cylinder  is,  by  a  suitable  design  of  the  inlet  port,  given  a  rotary 
motion  which  serves  to  scavenge  the  cylinder  as  well  as  disperse  the  atomised 
fuel.  The  bore  is  80  mm.  and  the  stroke  is  150  mm.  The  cylinder  jacket 
is  made  of  silumin  and  the  cylinder  liners  of  steel.  The  crankshaft  is  carried 
by  three  bearings,  that  lying  between  the  two  cylinders  being  narrow  but 
of  large  diameter.  The  scavenging  piston  is  constructed  of  "lightmetal" 
and  is  connected  to  the  ordinary  piston.     It  is  of  peculiar  cross-section,  a 
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circle,  215  mm.  in  diameter  from  which  two  segments  parallel  to  the  crank- 
shaft have  been  removed  to  a  depth  of  57-5  mm.;  the  parallel  edges  are 
therefore  100  mm.  apart. 

In  performance,  this  engine  develops  45  H.P.  at  1,000  R.P.M.  with  a  fuel 
consumption  of  180  gm.  per  horse-power-hour.  The  weight  without  the 
flywheel  is  280  Kg. 


Fig.  8. 
Diesel  Engine  with  Solid  Injection. 

The  Daimler-Benz  Motor 
This  engine  makes  use  of  an  auxiliary  chamber  for  mixing  and  distributing 
the  fuel.     The  latter  is  injected  by  solid  injection  into  a  small  chamber  where 
partial  combustion  takes  place.     The  energy  obtained  in  this  way  is  used 
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to  distribute   the    bulk    of    the    fuel    in   the    main    combustion  space.     The 
Daimler-Benz  cylinder  head  with  the  auxiliary  chamber  is  shown  in  Fig.  10. 

The  fuel  is  injected  into  the  auxiliary  chamber  by  a  spring-actuated  needle 
valve  and  passes  into  the  cylinder  through  the  so-called  burning  jets.  The 
starting  of  the  cold  engine  is  facilitated  by  a  heating  device  which  projects 
laterally  into  the  auxiliary  chamber. 
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The  six-cylinder  engine  designed  for  use  in  lorries,  etc.,  has  a  bore  of  105  mm. 
and  a  stroke  of  165  mm.;  it  develops  70  H.P.  at  1,300  R.P.M.  The  crank- 
case,   both  cylinder-blocks  and  the  six  valve  caps  consist  of  "lightmetal," 
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while  the  interchangeable  cylinder  liners  are  of  cast  iron.  The  crankshaft 
is  carried  by  seven  plain  bearings.  The  cylinder-heads  containing  the  inlet 
and  exhaust  valves,  the  auxiliary  chamber  and  the  burning  jets,  are  of  cast 
iron.  The  fuel  and  water  pumps,  dynamo  and  governor  are  driven  by  two 
auxiliary  shafts  situated  on  the  same  side  of  the  crankcase  as  the  fuel  dis- 
tributing pump,  which  is  driven  by  an  intermediate  vertical  shaft.  A  Bosch 
pump  (see  below)  is  used.  An  electrical  starter  operating  on  the  flywheel  is 
incorporated.  The  fuel  consumption  at  1,250  R.P.M.  and  normal  load  is 
about  200  gm.  per  horse-power-hour. 


Fig.    10. 
Daimler-Benz   Cylinder   Head   with   Ignition  in   Auxiliary   Chamber. 

The  Körting  Engine.  This  engine,  which  also  employs  an  auxiliary  chamber, 
has  six  cylinders  of  130  mm.  bore  and  180  mm.  stroke;  it  develops  90  H.P. 
at  1,200  R.P.M. 

The  crankcase  is  built  in  two  parts,  an  upper  and  a  lower,  both  of  "light- 
metal."  The  cast-iron  cylinder  liners  are  set  in  the  upper  half,  which  also 
carries  the  crankshaft  bearings;  the  latter  are  readily  accessible  for  inspection 
or  adjustment  when  the  lower  half  of  the  crankcase  is  removed.  The  seven 
main  bearings  are  pressure  lubricated.     The  pistons  are  of  cast  iron  and  are 
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fitted  with  floating  gudgeon  pins.  Each  cylinder-head  carries  the  inlet, 
exhaust,  starting,  charging  and  injection  valves,  besides  the  heater  for  starting 
and  the  auxiliary  chamber.  The  starting  valves,  which  are  of  rustless  steel, 
are  used  for  the  compressed  air  when  starting;  this  is  obtained  from  the 
charging  valves  fitted  on  four  of  the  cylinders.  The  injection  valve  is  of  the 
usual  type.  The  starting  device  in  the  auxiliary  chamber  is  heated  by  electri- 
city, and  is  only  used  when  the  engine  is  cold.     The  fuel  pump  is  situated  on 
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Fig.    11. 
(a)  Power  output,  (6)  Effective  pressure,  (c)  Fuel  consumption. 


the  side  ot  the  engine  opposite  that  bearing  the  camshaft.  The  governor  is  also 
operated  by  the  fuel  pump  camshaft.  Provision  is  made  for  storing  300  1. 
of  air,  in  drawn  steel  vessels,  for  starting. 
The  weight  of  the  engine  complete  with  accessories  is  approximately  1,500 
Kg.;  the  overall  length  and  breadth  are  1,800  mm.  and  710  mm.  respectively. 
Fig.  1 1  shows  the  power  output,  the  effective  pressure  and  the  fuel  con- 
sumption of  this  engine  at  different  speeds. 
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The  Deutz  Engine.  This  is  a  four-stroke  engine  employing  the  auxihary 
chamber  system;  the  latter  is  placed  eccentrically  in  the  cylinder-head 
(Fig.  12).  It  has  a  bore  of  115  mm.  and  a  stroke  of  170  mm.  and  develops 
15  H.P.   per  cylinder  at   1,500  R.P.M. 

The  four-cylinder  model  weighs  700  Kg.  while  the  six-cylinder  model 
weighs  850  Kg.  The  fuel  consumption  at  normal  load  amounts  to  185  gm. 
per  horse-power-hour. 


Fig.    12. 
Deutz  Cylinder  Head  with  Ignition  in  Auxiliary  Chamber. 

The  Mannheim  Engine,  a  six-cylinder  engine  capable  of  developing  250  H.P> 
at  1,000  R.P.M.,  operates  in  the  same  way.  The  boo'e  and  stroke  are  200  mm. 
and  250  mm.  respectively.  Without  the  flywheel  the  weight  is  3,200  Kg.;, 
complete  with  flywheel,  oil  and  water  the  weight  is  3,500  Kg. 

The  Aero  Engine.  This  engine,  designed  by  the  firm  of  Robert  Bosch,  is 
characterised  by  the  peculiar  form  of  the  compression  chamber,  which,  as 
shown  in  Fig.  13,  is  in  three  parts. 

The  chamber  (a)  in  the  piston  communicates  with  the  main  combustion 
space  (c)  by  means  of  the  funnel-shaped  passage  {b).  At  the  top  of  the  stroke 
most  of  the  air  is  contained  in  the  chamber  (a).  As  the  piston  descends,  this 
air  passes  into  (c)  through  {b)  and  meets  the  fuel  injected  directly  opposite.. 
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Thorough  mixing  is  thus  ensured.  This  engine  is  not  actually  built  by  the 
Bosch  Company,  but  by  other  firms  under  licence.  The  Bosch  Company 
does,  however,  construct  fuel  pumps  for  engines  having  from  one  to  six 
cylinders.  These  pumps  are  provided  with  a  device  for  cutting  out  any  back 
pressure  and  another  for  altering  the  time  of  injection.  They  are  compact 
and  occupy  very  little  space. 


Fig.   13. 
(a)  Chamber  in  piston,  {b)  Funnel,  (c)  Main  combustion  chamber. 

Some  Applications  of  the  High-Speed  Diesel  Engine 

The  most  important  application  of  these  engines  is  as  power  units  for  auto- 
mobiles. They  have,  however,  many  other  uses,  some  of  which  are  described 
below;    any  particular  advantages  are  emphasised. 

Motive  power  for  Skips,  Boats,  etc.  The  Diesel  engine  has  now  gained  a 
firm  footing  as  a  source  of  marine  motive  power.  In  this  connection  it  offers 
many  advantages  over  coal,  e.g.,  the  readiness  with  which  it  may  be  started 
up,  economical  fuel  consumption  and  the  small  space  required  for  storage, 
the  negligible  risk  of  fire  and  the  ease  with  which  the  fuel  can  be  handled. 
Until  now,  however,  on  account  of  its  weight,  the  Diesel  engine  has  been 
confined  to  the  larger  ships,  but  with  the  development  of  the  high-speed 
engine,  a  new  field  has  been  opened  up  and  small  boats  can  also  employ 
Diesel  engines.  Not  only  is  the  high  power  output  of  considerable  import- 
ance, but  as  these  engines  can  be  made  reversible,  it  is  possible  to  dispense 
with  heavy  reversing  gear.  The  six-cylinder  "MAN"  engines  described  above 
are  constructed  with  a  direct  reverse. 

Motive  Power  for  Lorries,  Omnibuses,  etc.  This  field,  before  the  entrance  of 
the  high-speed  Diesel,  was  held  almost  exclusively  by  gasoline  engines.  That 
the  heavy  oil  engine  can  compete  in  this  field  is  now  quite  certain.  In  the 
first  place,  although  the  Diesel  engine  is  heavier,  it  operates  at  a  much  higher 
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compression  ratio  and  develops  10  to  15  per  cent,  more  power  on  that  account. 
The  extra  weight  is  balanced  partly  by  the  more  economical  consumption, 
which  necessitates  carrying  less  fuel  in  order  to  cover  the  same  distance,  and 
partly  by  the  fact  that  the  radiator  need  not  be  so  large,  as  less  heat  is  de- 
veloped on  account  of  the  lower  fuel  consumption.  In  any  case,  engine 
weight  is  not  a  very  serious  factor  in  lorry  design  and  it  is  not  likely  to  hinder 
the  development  of  the  Diesel  for  this  purpose. 

The  acceleration  of  the  Diesel  is  at  least  equal  to  that  of  the  gasoline  engine. 
Immediately  after  starting  it  will  bear  a  very  heavy  load,  while  the  opposite 
is  true  of  the  gasoline  engine.  Furthermore,  it  is  very  flexible  and  responds 
readily  to  the  throttle.  A  particular  advantage  is  the  high  power  developed 
at  low  engine  speeds,  which  reduces  gear  changing  very  considerably. 

The  engine  requires  no  more  attention  to  keep  it  in  order  than  does  the 
gasoline  engine.  The  injection  system  is  readily  accessible  and  easily  under- 
stood.    Troubles  are  few  and  easily  traced. 

The  economical  fuel  consumption  renders  the  Diesel  particularly  valuable 
for  heavy  lorries  and  trailers  where  the  cost  of  fuel  constitutes  an  appreciable 
part  of  the  running  costs.  Actual  road  tests  of  Diesel  and  gasoline  engines 
have  shown  that  the  consumption  of  the  former  is  roughly  two-thirds  of  that 
of  the  latter;  this  fact  is  borne  out  by  the  following  figures,  from  an  official 
source,  for  road  tests  carried  out  on  lorries  fitted  with  both  types  of  engine. 


Load. 

Type  of  road. 

Fuel  consumption 
for  100  Km.  in  Kg. 

Consumption  of 

Diesel  engine 

expressed  as 

percentage  of 

consumption  of 
gasoline  engine. 

Diesel 
engine. 

Gasoline 
engine. 

Fully  loaded. 
Fully  loaded. 

Empty  lorry. 
Empty  lorry. 

Hilly. 
Flat. 

HiUy. 
Flat. 

50 
35 

40 
30 

80 
55 

65 
45 

62-5 
63-5 

62 
66-5 

When  the  cost  of  the  two  fuels  (M.12  to  23  per  100  Kg.  for  gas  oil  and 
M.  35  per  100  Kg.  for  fuel  containing  30  to  40  per  cent,  of  benzol  and  70  to 
60  per  cent,  of  gasoline)  is  taken  into  account  it  can  be  seen  that  even  when 
using  the  best  grade  of  gas  oil  a  saving  of  40  per  cent,  in  the  cost  of  the  fuel  is 
effected.  Another  point  is  that  the  precautions  necessary  for  storing  gasoline 
are  unnecessary  for  heavy  oil;  this  also  effects  a  saving  in  the  overhead  costs. 

From  these  considerations  it  can  be  seen  that  the  Diesel  engine  can  compete 
with  the  gasoline  engine,  particularly  for  use  in  heavy  lorries,  etc.  The 
increase  in  the  orders  received  by  the  makers  indicate  that  they  are  giving 
satisfaction  in  use.  One  firm  in  Augsberg  already  possesses  four  lorries  fitted 
with  Diesel  engines,  the  oldest  of  which  has  covered  50,000  Km.  without 
requiring  special  overhaul. 

Motive  Power  for  Railway  Engines,  Locomotives,  etc.  The  high-speed  Diesel 
is  also  used  as  motive  power  for  driving  railway  engines  and  locomotives. 
A  number  of  motor-wagons  fitted  with  various  types  of  engines  are  now  in 
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operation  on  the  German  State  Railways;  some  have  one  engine  and  others 
have  two.  Eight  more  are  in  regular  use  on  the  Dutch  railways.  A  con- 
siderable number  of  small  and  medium-powered  locomotives  have  also  been 
equipped  with  high-speed  Diesel  engines,  although  until  recently  only  the 
ordinary  Diesel  giving  400  to  450  R.P.M.  was  used  for  this  class  of  work. 

An  important  factor  in  the  design  of  engines  for  railway  wagons  or  loco- 
motives is  the  manner  in  which  the  power  is  transmitted  to  the  driving  wheels. 
So  far,  gearing  and  reversing  machinery,  which  combines  low  weight, 
simplicity  and  cheapness  with  efficiency,  has  been  used.  It  has,  however,  the 
disadvantage  of  imposing  heavy  loads  on  the  engine  during  acceleration  and 
retardation.  This  fact  has  to  be  taken  into  account  when  the  engines  are 
designed  to  ensure  that  they  are  of  suitable  size  and  that  the  transmission 
is  also  suitable. 

Hydraulic  transmission  at  the  present  time  is  not  at  all  satisfactory,  parti- 
cularly for  heavy  loads,  and  so  far  has  not  been  employed. 

Electrical  transmission,  however,  has  found  considerable  favour  on  account 
of  its  simplicity  and  convenience  despite  its  weight  and  cost.  By  acting  as 
a  shock  absorber  it  serves  to  protect  the  engine  from  sudden  changes  in  load, 
whilst  it  can  be  used  continually  at  full  load.  Various  methods  of  regulation 
have  been  devised. 

The  Diesel  engine  offers  many  advantages  for  railway  work,  particularly 
on  account  of  the  price  of  the  fuel  and  the  high  mileage  obtained  from  it. 
Tests  carried  out  on  comparable  gasoline  and  Diesel  engines  showed  that  at 
a  speed  of  45  to  48  Km.  the  former  consumed  0-44  1.  of  gasoline  per  kilometre 
compared  with  0-34  1.  of  gas  oil  per  kilometre  for  the  latter. 

Other  Uses.  Besides  the  applications  described  above,  numerous  other 
uses  have  been  suggested  for  this  type  of  engine,  e.g.,  as  motive  power  for 
cranes,  dredgers,  ploughs,  road-rollers,  movable  compression  and  lighting 
sets,  auxiliary  engines  for  ships  and  for  stationary  engines  where  space  is 
limited. 
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ENGINE  EFFICIENCY 

The  thermal  efficiency  and,  therefore,  the  power  also,  obtainable 
from  any  internal  combustion  engine  operating  on  what  is  known 
as  the  constant  volume  cycle  are  dependent  upon  : — 

(1)  The  ratio  of  expansion  or  compression.  This  controls  the 
proportion  which  is  converted  into  useful  work  of  the  total  energy 
available  in  the  fuel  and  air  mixture.  Compression  ratio  is  there- 
fore the  dominating  factor.  The  theoretical  air  standard  efficiency 
corresponding  with  various  ratios  of  compression  is  given  in  the 
following  table  : — 

TABLE  I 

Air  standard  efficiency. 

35.5 
42.6 
47.5 
51.2 
54.0 
56.5 
58.6 
60.2 

Although,  for  a  variety  of  reasons,  such  as  changes  in  specific 
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heat  and  chemical  dissociation  at  high  temperatures,  direct  loss  of 
heat  to  the  cylinder  walls  during  combustion  and  other  secondary 
causes,  the  air  standard  efficiency  is  an  unattainable  ideal,  never- 
theless, the  relative  values  hold  good.  A  well-designed  engine 
operating  under  the  most  favourable  conditions  on  any  volatile 
liquid  will  realise  approximately  72  per  cent,  of  the  air  standard 
efficiency  and  this  relationship  will  be  maintained  almost  con- 
stant at  any  available  ratio  of  compression. 

(2)  Rate  of  Burning.    This  depends  upon  both  the  degree  and 
the  nature  of  turbulence  existing  within  the  cylinder  at  the  time 
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of  ignition  and  upon  the  position  of  the  sparking-plug.  Broadly 
speaking,  the  greater  the  rate  of  burning  the  better  ;  but  exces- 
sively violent  turbulence  results  both  in  increasing  the  direct  heat 
loss  to  the  cylinder  walls  and  in  causing  harsh  running  of  the 
engine,  due  to  spring  of  the  crankshaft  under  the  very  rapid 
pressure  rise  which  results  from  great  turbulence. 

(3)  Completeness  of  Combustion.  In  any  engine  cylinder  there 
is  always  a  thin  layer  of  stagnant  gas  adhering  so  closely  to  the 
cylinder  walls  and  being  so  chilled  thereby  as  to  escape  complete 
combustion.  We  rely  upon  turbulence  to  scour  away  this  la\er 
and  so  to  bring  it  into  active  play. 
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(4)  Maximum  Flame  Temperature.  The  lower  the  flame  tem- 
perature the  higher  the  thermal  efficiency.  Here,  however,  there 
is  little  scope,  for  the  maximum  flame  temperature,  with  all  avail- 
able hydrocarbon  fuels  and  at  all  available  mixture  strengths,  differs 
but  little.  It  is  only  in  the  case  of  alcohol  fuels  that  the  flame  tem- 
perature is  appreciably  lower  and  the  available  efficiency  is  slightly 
higher,  or  in  the  case  of  hydrogen,  which_,  owing  to  its  very  rapid 
burning  and  therefore  wide  range  of  mixture  strength,  permits  of 
the  flame  temperature  being  lowered  appreciably  by  adding  excess 
air  to  the  mixture.  In  the  case  of  hydrogen  a  considerably  higher 
thermal  efficiency  is  obtainable. 

(5)  Direct  Loss  of  Heat  to  the  Cylinder  Walls.  This  is  not 
nearly  so  serious  a  factor  as  was  at  one  time  supposed.  Of  the 
heat  carried  away  by  the  cooling  water  only  a  small  part  is  given 
up  by  the  gases  during  combustion.  A  further  small  part  is  given 
up  during  expansion,  but  this  cannot  be  regarded  all  as  direct  loss 
of  heat,  since  that  given  up  during  the  latter  part  of  the  expansion 
stroke  could  only  be  utilised  at  a  lower  efficiency.  In  other  words, 
part  of  the  heat  transferred  to  the  water  jacket  during  the  work- 
ing stroke  is  already  waste  heat.  The  bulk  of  the  heat  carried 
away  by  the  cooling  water  is  given  up  during  the  exhaust  stroke 
and  is,  therefore,  thermo-dynamically  part  of  the  exhaust  loss. 
The  exhaust  loss,  which  is  the  greatest  channel  by  which  heat  is 
wasted,  is  determined  primarily  by  the  aii--cycle  efficiency  men- 
tioned under  heading  (1). 

(6)  Loss  of  Fuel.  Direct  loss  of  fuel  can  occur  in  a  number  of 
wavs.  It  can  be  caused  by  unequal  distribution  between  cylinders, 
which  results  in  the  need  of  an  unduly  rich  mixture  in  one  or  more 
cylinders  in  order  that  the  one  receiving  the  weakest  mixture  may 
have  sufficient  fuel  for  combustion. 

Fuel  loss  occurs  also  from  unequal  metering  of  fuel  between 
successive  cycles  and  by  unequal  proportioning  of  fuel  to  air  as 
engine  speed  and  load  are  varied. 

Another  considerable  loss  of  fuel  can  occur  from  fuel  remaining 
partly  unvapourised  or  insufficiently  mixed  with  air,  at  the  period 
of  combustion.  This  eft'ect  always  occurs  when  starting  from  cold 
and,  generally,  though  to  a  less  extent,  for  some  time  during 
running,  until  the  cylinders  have  become  heated  and  sufficient 
warmth  has  reached  the  passages  of  induction.  Though  the  actual 
loss  of  fuel  during  such  a  limited  period  of  running  will  be 
small,  there  may  be,  nevertheless,  a  much  more  serious  loss,  on 
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account  of  the  need  for  enriching  the  mixture  for  the  sake  of 
gaining  a  combustible  mixture  when  the  engine  is  cool. 

ENGINE  POWER 

The  power  output,  as  apart  from  the  efficiency,  is  further  con- 
trolled by  : — 

(1)  The  Weight  of  Charge.  The  weight  of  air,  with  sufficient 
fuel,  passed  through  the  cyUnder  in  unit  time. 

This  is  primarily  a  question  of  breathing  capacity,  but  it  depends 
also  upon  the  degree  of  pre-heating  of  the  mixture  external  to  the 
cylinder  and  upon  the  latent  heat  of  the  liquid  fuel. 

(2)  Internal  Friction  of  the  Engine.  This  determines  the  pro- 
portion of  the  power  developed  in  the  cylinder  which  is  available 
at  the  crankshaft. 

FACTORS  WHICH  LIMIT  COMPRESSION  RATIO 

The  ratio  of  expansion  or  compression  is  determined  in  part  by 
the  characteristics  of  the  fuel,  in  part  by  engine  design  and  in 
part  by  the  absolute  dimensions  of  the  cylinder.  Each  of  these 
determines  the  limit  of  compression  which  can  be  used  without 
detonation  and  in  practice  the  need  of  freedom  from  detonation 
limits  the  compression  ratio  that  can  be  employed.  Detonation 
or  "knocking"  increases  the  heat  losses  in  an  engine  and,  if 
allowed  to  persist,  results  in  over-heating  of  the  ignition  plug. 
From  this,  pre-ignition  during  compression  occurs  and  the  output 
of  the  engine  soon  falls  to  a  fraction  of  the  normal  amount. 

Detonation 

The  phenomenon  of  detonation  has  been  discussed  and  investig- 
ated very  fully  during  recent  years,  and  many  at  least  plausible 
theories  have  been  put  forward  to  explain  it.  The  subject, 
however,  is  far  too  lengthy  and  too  involved  to  be  discussed 
fully  within  the  scope  of  this  paper  and  the  authors,  therefore, 
will  confine  themselves  mainly  to  the  factors  which  influence 
detonation  rather  than  the  phenomenon  itself. 

The  tendency  to  detonation  as  between  different  hydro-carbon 
fuels  varies  enormously,  as  will  be  shown  later,  but  design  factors 
also  exert  an  extremely  powerful  influence.  Of  these  latter  the 
most  important  are  : — 

(a)  The  absolute  distance  from  the  sparking-plug  points  to  the 
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most  remote  corner  of  the  combustion  chamber.  In  other  words,  the 
smaller  and  the  more  compact  the  combustion  chamber  and  the 
more  central  the  position  of  the  sparking-plug  the  less  the  tendency 
to  detonation. 

{b)  The  degree  and  nature  of  the  movement  of  the  gases  at  the 
time  of  ignition,  e.g.,  the  greater  the  turbulence  and  the  more 
chaotic  the  movement  of  the  gases  the  less  the  tendency  to  detona- 
tion. 

{c)  The  temperature  and  pressure  of  the  gases  at  the  time  of 
ignition.  At  any  given  compression  ratio  the  temperature  at  the 
end  of  compression  depends,  alteris  aequis,  upon  the  amount  of 
heat  received  by  the  charge  before  and  during  its  entry  to  the 
cylinder.  The  extent  of  the  pre-heating  required  is  controlled  by 
the  need  of  volatilising  the  fuel  sufficiently,  which  again  depends 
partly  upon  the  volatility  of  the  fuel  and  partly  upon  the  com- 
bustion chamber  and  induction  passage  design. 

(d)  The  temperature  of  the  hot  surfaces  within  the  combustion 
space,  such  as  the  head  of  the  exhaust  valve,  which,  by  giving 
rise  to  a  certain  amount  of  pre-oxidation  of  the  fuel  during  the 
suction  and  compression  strokes,  will  tend  to  increase  the  mean 
temperature  of  the  charge  before  ignition.  The  existence  of 
partial  oxidation  of  the  fuel  prior  to  the  passage  of  the  ignition 
spark  has  been  shown  by  analysis  of  the  gases  which  were  with- 
drawn through  a  "sampling-valve."  This  valve  was  timed  to 
open  for  a  very  short  period  during  the  compression  stroke  of  the 
engine.  Analysis  of  the  liquid  condensed  from  the  collected  gas 
showed  the  presence  in  small  quantities  of  alcohols  and  aldehydes. 

Of  the  design  factors  the  most  important  appears  to  be  the 
absolute  distance  from  the  point  of  ignition  to  the  most  remote 
corner  of  the  combustion  chamber.  This,  however,  is  not  the 
whole  story,  for  the  tendency  to  detonation  is  influenced  also  by 
the  degree  of  turbulence  of  the  gases  in  the  remote  corner  and 
by  the  temperature  of  the  boundary  surfaces,  both  of  which 
factors  determine  the  facility  with  which  the  entrapped  gases 
can  dispose  of  the  heat  generated  by  local  compression  in  front 
of  the  advancing  inflammation.  Thus  the  tendency  to  detonation 
will  be  greatest  when  the  corner  most  remote  from  the  sparking- 
plug  contains  relatively  stagnant  gas  or  is  bounded  by  some  hot 
surface,  such  as  the  head  of  the  exhaust  valve. 

Since  the  absolute  length  of  flame  path  appears  to  be  the  main 
determining  factor,  it  follows  that,  given  similarity  of  design,  the 
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smaller  the  cylinder  the  higher  the  ratio  of  compression  which 
can  be  employed  with  any  given  fuel.  From  this  consideration  it 
appears  that  the  efificiency  of  the  petrol  engine  will  increase  as  the 
size  of  the  cylinder  is  reduced.  Against  this,  however,  both  the 
heat  loss  to  the  cylinder  walls  and  the  loss  due  to  the  proportion 
of  chilled  and  incompletely  burned  gas  increases  as  the  cylinder 
size  is  reduced. 

Effect  on  Engine  Efficiency  and  Power 

The  net  result  of  these  various  factors  is  that  the  thermal 
efficiency  of  a  petrol  engine  is,  within  wide  limits,  nearly  indepen- 
dent of  its  size.  The  specific  power  output  of  a  small  engine  is 
greater  than  that  of  a  large  one,  since  the  cycle  can  be  performed 
more  frequently.  The  reason  for  this  difference  is  purely  a 
mechanical  one,  the  limits  being  due  to  the  inertia  stresses  in  the 
moving  parts. 

In  the  smaller  engine  the  conditions  are  more  favourable  to 
higher  speeds  of  rotation.  In  these  circumstances,  however,  the 
frictional  losses  are  generally  greater  than  in  a  larger  engine  of 
the  same  output  running  at  a  lower  rotational  speed.  This 
difference  in  friction  is  relatively  quite  small^  so  that  while  the 
brake  horse-power  (per  unit  of  its  volume)  of  the  small  cylinder 
is  much  greater  than  that  of  the  large  one,  the  brake  thermal 
efficiency  of  the  small  engine  is  only  slightly  less. 

Examples  of  Effect  of  Cylinder  Size  and  Design 

As  illustrating  the  very  wide  difference  in  the  compression  ratio 
which  can  be  used  in  different  engines  on  the  same  fuel,  the 
following  comparative  tests  with  two  variable  compression 
engines,  both  highly  efficient,  may  be  quoted. 

One  engine,  "E.35,"  has  a  cylinder  bore  of  4.5  in.  and  a  stroke 
of  8  in.  with  five  overhead  poppet  valves  (two  inlet  and  three 
exhaust).  Ignition  is  by  two  synchronised  sparks  occurring  at 
diametrically  opposite  sides  of  the  combustion  chamber,  the 
distance  between  the  two  sparking-plugs  being  5  in.  exactly.  With 
a  certain  fuel  and  with  the  mixture  strength  and  ignition  timing 
adjusted  to  give  maximum  power,  the  highest  useful  compression 
ratio  {i.e.  the  highest  useful  compression  as  limited  by  the  incid- 
ence of  detonation),  is  found  to  be  5.3.  This  ratio  corresponds 
to  an  air  standard  efficiency  of  48.5  per  cent. 

The  second  engine,  "E.5/'  has  a  cyhnder  bore  of  2.75  in.  and  a 
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stroke  of  3.25  in.,  with  a  single  sleeve  valve.  Ignition  is  by  a 
single  plug  placed  at  the  apex  of  the  combustion  chamber,  which  is 
of  slightly  conical  form,  the  extreme  distance  from  the  ignition 
point  to  the  furthest  point  in  the  combustion  chamber  being 
1.7  in.  With  the  same  fuel  and  under  the  same  conditions  as  to 
mixture  strength  and  ignition  advance,  the  highest  useful  com- 
pression as  limited  by  detonation  is  found  to  be  6.8.  This  ratio 
corresponds  to  an  air  standard  efficiency  of  53.5  per  cent.  Thus, 
the  difference  between  these  two  engines  due  to  the  combined 
influence  of  design  factors  and  scale  effect  is  no  less  than  1.5  ratios 
of  compression,  corresponding  with  an  increase  in  thermal  effi- 
ciency of  10  per  cent.  Here  the  difference  in  favour  of  "E.5"  is 
attributable  primarily  to  : — 

(a)  The  smaller  cylinder  and,  therefore,  reduced  length  of 

flame  travel; 
{h)  The  absence  of  hot  exhaust  valve  heads. 

Taking  another  extreme  variation  in  design;  a  "T-headed" 
poppet-valve  engine  of  4.375  in.  bore  and  6  in.  stroke,  in  which 
the  sparking-plug  was  placed  directly  over  the  inlet  valve  and 
therefore  at  one  side,  detonated  heavily  on  the  same  fuel  at  a 
compression  ratio  of  only  3.7. 

As  showing  the  effect  of  cylinder  size,  apart  from  differences  of 
general  design,  may  be  quoted  the  results  of  tests  made  with  four 
single-cylinder,  single-sleeve-valve  engines.  The  bores  of  these 
engines  are  2.75,  3.5,  5.5  and  8.5  in.  respectively.  All  have  very 
nearly  the  same  stroke  to  bore  ratio,  and  the  same  form  of  com- 
bustion chamber,  namely,  a  cone  with  the  sparking-plug  at  the 
apex.  They  are  in  every  respect  as  nearly  similar  as  is  possible 
over  so  large  a  range  of  sizes.  In  each  case  also  the  maximum 
length  of  flame  path  is  approximately  25  per  cent,  greater  than 
the  cylinder  radius. 

The  highest  useful  compression  ratio  as  determined  by  detona- 
tion for  each  of  these  engines  was  very  carefully  observed,  and 
may  be  expressed  for  the  same  fuel  (20  per  cent./  80  per  cent, 
benzol-petrol  blend)  as  follows  :  — 

Diameter  of  cylinder  (in.)  ...         2.75         3.5         5.5         8.5 
H.U.C.  Ratio  7.9  7.5        6.2        5.4 

In  each  case  the  engine  speed  was  adjusted  to  that  giving 
maximum  torque  and  the  temperature  conditions  were  made  as 
nearly  as  possible  the  same  for  each  engine. 

The  observations,  when  plotted  against  cylinder  size,  will  be 
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found  to  lie  on  a  reasonably  smooth  curve,  except  that  the  5.5  in. 
cylinder  is  relatively  rather  low  in  H.U.C.R.  This  is  probably 
due  to  some  difference  in  the  degree  or  nature  of  the  turbulence 
of  the  charge  prior  to  ignition. 

Example  of  the  Effect  of  Fuel 

Despite  these  wide  differences  between  engines,  due,  in  part,  to 
design  factors  and  in  part  to  scale  effect,  the  relative  tendency  to 
detonation  as  between  different  fuels  is  nearly  the  same  for  the 
different  engines.     Fig.  2  shows  the  H.U.C.R.  or  highest  useful 
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compression  ratio  for  the  two  variable  compression  engines  "E.35" 
and  "E.5"  with  different  fuels  consisting  of  varying  mixtures  of 
pure  fî. -heptane  and  pure  toluene. 

The  two  curves  emphasise  what  has  not  perhaps  been  generally 
appreciated,  that  although  engine  design  exercises  a  great  effect  on 
the  tendency  to  detonation,  the  value  in  H.U.C.R.  of  different  fuels 
relatively  to  one  another  remains  independent  of  engine  design  or 
size. 

Example  of  the  Effect  of  Position  of  the  Point  of  Ignition 

As  showing  the  influence  of  sparking-plug  position  on  detonation, 

the   following  very  carefully  conducted  series  of  tests  may  be 
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quoted  as  being  generally  representative.  The  engine  used  for  the 
purpose  of  this  test  was  the  "E.35"  variable  compression  engine. 
This  engine  is  provided  with  four  radial  plug  positions,  and  special 
means  exist  to  ensure  that  any  two  plugs  can  oe  fired  simul- 
taneously with  perfect  synchronism.  The  position  of  the  plugs  and 
their  relation  to  that  of  the  valves  is  indicated  in  diagram  Fig.  3. 
Throughout  the  full  range  of  observations  the  following  condi- 
tions were  maintained  constant  : — 

Speed,  1,500  r.p.m. 

Mixture    strength,    15    per    cent,    rich    (maximum   power 

setting). 

Jacket  temperature,  50°C. 

Heat  input  to  the  induction  system,  1,350  watts. 

Fuel,  "Texas  gasoline." 

TABLE  II. 


Brake  mean 

Plug 

Ignition  timing 

efifective  press. 

position. 

giving  max.  torque. 

H.U.C.R. 

lb.  per  sq.  in. 

1  and  3 

30°  early 

5.3 

138.0 

2  and  4 

30° 

5.25 

136.6 

3  and  4 

34° 

4.98 

134.5 

1  and  2 

32° 

4.9 

133.8 

1  and  4 

32° 

4.8 

132.1 

2  and  3 

32° 

4.84 

132.8 

1  only 

39° 

4.95 

133.5 

2     „ 

39° 

4.9 

133.1 

3    „ 

40° 

4.84 

132.8 

4    „ 

42° 

4.85 

132.8 

Upon  analysis,  these  results  show  clearly  that  the  ignition  ad- 
vance required  and  the  H.U.C.R.  are  both  dependent  very  greatly 
upon  the  length  of  flame  path,  from  the  sparking-plug  to  the 
furthest  point  reached  by  the  flame.  The  relative  positions  of 
the  active  sparking-plugs  and  of  the  various  valves  are  shown 
to  exert  a  secondary  influence  as  well. 

Examples  of  the  Effects  of  Mixture  Strength  and  Timing 
OF  Ignition 
The  influence  of  mixture  strength  on  H.U.C.R.  and  engine  out- 
put is  shown  graphically  in  Fig.  4.      In  Fig.   5  is  shown  the 
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'E  35"  ENGINE. 

NOTE:- Mixture  strength  varied,  compression -ratio  constant- 5-0. 
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influence  of  mixture  strength  on  the  ignition  advance  required  to 
give  maximum  output.  In  this  test  the  compression  ratio  was 
fixed  at  a  point  below  that  at  which  detonation  could  intrude. 
In  Fig.  6  is  shown  the  ignition  advance  required  and  the  engine 
output  obtained  as  compression  ratio  was  varied,  all  other 
conditions  being  as  nearly  constant  as  possible. 

The  results  plotted  in  these  three  groups  were  obtained  with 
"E.35,"  the  overhead-valve  type  variable  compression  engine. 
Although  on  some  of  the  curves  no  spots  are  shown,  the  curves 
in  all  cases  represent  a  great  number  of  readings.  Engine 
output,  or  torque  at  the  fixed  speed,  is  here  expressed  in  terms 
of  brake  mean  effective  pressure,  the  units  being  lb.  per  sq.  in. 
Mixture  strength  is  expressed  as  a  percentage  excess  of  fuel  or 
air  over  that  which  would  be  chemically  correct  for  combustion 
of  the  oxygen  to  carbon  dioxide  and  water,  etc.,  in  equilibrium. 
Ignition  timing  is  expressed  as  degrees  of  crankshaft  rotation 
before  in-dead-centre  is  reached. 

DETONATION    CHARACTERISTICS    OF  FUELS 

So  far  we  have  dealt  mainly  with  the  influence  on  detonation  of 
engine  size  and  other  design  factors,  also  of  mixture  strength 
and  timing  of  ignition.  We  will  next  refer  to  the  inherent 
tendencies  of  various  hydrocarbon  fuels  to  give  detonation  in 
an  engine. 

This  subject  has  been  dealt  with  at  considerable  length  in  the 
report  of  the  Empire  Motor  Fuels  Committee  and  is  discussed 
in  many  other  recent  publications.  Stated  briefly  and  in  very 
general  terms  it  is  found  that  : — 

(a)  Hydrocarbons  of  the  paraffin  series  vary  widely  in  their 
tendencies  to  cause  detonation.  In  general  the  tendency  to 
produce  detonation  increases  with  increase  of  molecular  weight. 
The  parafions  commonly  found  in  petrol  and  kerosene  are  mostly 
prone  to  detonation. 

(h)  Hydrocarbons  of  the  naphthene  series  show  markedly  less 
tendency  to  produce  detonation,  and,  in  general,  they  vary  rela- 
tively little  in  this  respect. 

(  c  )  Those  of  the  aromatic  series  cannot  alone  be  made  to  detonate 
in  an  engine.  They  may,  therefore,  l)e  considered  as  anti- 
detonators. 

The  following  observations  recorded  in  Table  III,  made  with 
a  variable  compression  engine  on  reasonably  pure  paraffins,  show 
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sufficient!}'    clearly    the    tendency   to    increased    detonation    with 
increasing  molecular  weight. 

TABLE   III 

Molecular  Wt.      H.U.C.R. 
of   pure   sub-      in  "E.35" 
Fuel.  stance.  Engine. 

Propane 

Butane 

n-Pentane    ... 

Hexane  (purity  only  80  per  cent.) 

n-Heptane   (pure) 


44 

8.0 

58 

7.65 

72 

5.7 

86 

5.2 

100 

3.75 

Again,  the  various  isomers  of  the  paraffins  differ  greatly  in  their 
tendencies  to  cause  detonation.  Dr.  Edgar,  in  the  U.S.A.,  has 
isolated  two  octanes  which,  when  tested  in  the  "E.35"  engine, 
were  found  to  have  H.U.C.R.'s  of  approximately  3.5  and  6.5 
respectively.  Other  isomers  of  octane  which  Dr.  Edgar  has 
isolated  have  been  found  to  possess  varying  tendencies  within 
these  limits. 

The  naphthenes  occurring  in  motor  spirits  vary  only  a  little, 
the  tendencies  to  detonation  of  those  which  have  been  obtained 
reasonably  pure  being  represented  on  this  scale  between  the  values 
of  5.7  and  6. 

The  aromatic  hydrocarbons  will  not  by  themselves  give  detona- 
tion in  an  engine  at  any  compression  ratio  within  the  limits  which 
are  set  by  pre-ignition.  In  "E.35"  engine  pre-ignition  occurs  with 
such  fuels  at  compression  ratios  in  the  neighbourhood  of  7.5,  but 
no  sign  of  detonation  is  discernable.  Toluene  appears  to  be 
slightly  more  effective  as  an  inhibitor  of  detonation  than  either 
benzene  or  xylene  when  mixed  with  paraffins  and  naphthenes. 

No  accurate  determinations  have  yet  been  made  of  the  detona- 
tion characteristics  of  unsaturated  hydrocarbons.  The  difficulty 
has  been  that  of  isolating  such  bodies  in  even  a  reasonably  pure 
state.  By  cracking  processes  it  is  possible  to  convert  the  heavier 
paraffins  to  olefines,  having  a  less  tendency  to  give  detonation  in 
an  engine.  The  cracking  of  fuels  which  may  contain  compara- 
tively light  paraffins  and  naphthenes  does  not  necessarily  result 
in  a  fuel  of  higher  H.U.C.R. 

It  is  found  that  any  mixtures  of  hydrocarbons,  of  paraffins, 
naphthenes,  aromatics  and  of  cracked  products  possess  a  mean 
value  in  detonation  tendency  which  can  be  calculated  with  fair 
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accuracy  from  the  proportions  of  the  constituents  by  assuming 
a  straight  line  proportion  law.  Thus,  if  a  fuel  with  a  H.U.C.R. 
of  4.5  is  mixed  in  equal  proportions  with  another  having  a  value 
of  5.5  the  H.U.C.R.  of  the  mixture  will  be  very  near  to  5,  though 
actually  it  will  always  be  slightly  less. 

Metallic  "Anti-Knocks" 

Only  of  recent  years  has  it  been  known  that  certain  metals  have 
the  power,  if  introduced  in  a  proper  state,  of  suppressing  detona- 
tion in  an  engine  in  a  most  remarkable  manner.  It  was  first 
shown  by  Midgley  in  1922  that  lead  tetraethyl  possesses  this 
power.  The  effectiveness  of  this  "anti-knock"  is  best  illustrated 
by  stating  that  one  molecule  of  lead  tetraethyl  in  50,000  molecules 
of  mixture  (of  fuel  and  air)  may  raise  the  H.U.C.R.  by  one  ratio. 
This  may  result  in  an  increase  of  nearly  10  per  cent,  in  engine 
efficiency. 

It  is  not  proposed  to  discuss  fully  the  many  theories  that  have 
been  proposed  to  account  for  the  action  of  metallic  "anti-knocks." 
Callender's  admirably  reasoned  explanation  and  later  the  theory 
proposed  by  Egerton  must,  however,  be  referred  to. 

Briefly,  Callender's  theory  is  that  the  active  agents  in  promoting 
detonation  are  the  unstable  peroxides  which  are  formed  as 
intermediate  products  during  the  process  of  combustion  of 
hydrocarbons.  The  presence  of  certain  readily  oxidisable  metals 
in  a  finely-divided  state  provides  an  alternative  and  more  attrac- 
tive partner  for  the  oxygen,  and  thus  prevents  the  formation  of 
peroxides  as  products  of  partial  combustion.  According  to 
Callender's  theory,  the  progress  of  events  is  briefly  as  follows  :  — 
The  metal  compound,  which  is  volatile  and  soluble  in  petrol,  is 
carried  into  the  cylinder  as  a  vapour  along  with  the  fuel  and  air. 
Under  the  conditions  of  temperature  and  pressure  existing  within 
the  cylinder  during  the  early  stages  of  compression  stroke,  the 
unstable  metallic  compound  dissociates,  setting  free  the  metal  in 
a  very  finely  divided  and  highly  active  state.  It  is  supposed,  then, 
that  the  fuel  during  compression  is  mainly  still  in  a  liquid  but 
highly  divided  state,  and  that  each  droplet  forms  a  nucleus  for 
oxidation.  It  is  at  this  stage,  during  the  formation  of  organic 
oxides  or  peroxides,  that  it  is  supposed  that  the  metal  intervenes, 
tending  to  reduce  these  compounds.  It  is  presumed  that,  owing  to 
the  instability  of  such  organic  peroxides  in  very  small  proportions, 
their    presence     increases     greatly     the     speed     of     subsequent 
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combustion  and,  therefore,  the  consequent  detonation.  The 
theory  would  explain  the  fact  that  so  little  metal  is  needed  to 
suppress  detonation. 

Egerton  has  more  recently  suggested  that  the  action  of  "anti- 
knocks" is  somewhat  different.  He  was  led  to  this  conclusion  by 
finding  that  potassium  acted  so  as  to  produce  an  eflfect  similar  to 
that  of  lead  in  suppressing  detonation  in  an  engine.  Since  potassium 
is  so  rapidly  oxidised,  it  must  be  supposed  that  no  uncombined 
metal  would  have  time  to  reach  the  fuel.  When  lead  vapour 
was  produced  by  an  electric  arc  and  was  carried  with  the  air  and 
fuel  into  an  engine,  it  was  found  to  reduce  detonation.  When 
thallium  was  used  in  the  arc  the  efifect  was  even  greater.  Whether 
with  either  metal  the  arc  was  struck  in  an  atmosphere  of  air  or  of 
nitrogen,  the  suppression  of  detonation  was  equally  marked. 
Since  thallium,  and  probably  also  lead  vapour,  under  such  condi- 
tions in  air  would  be  almost  instantly  oxidised,  it  could  not  be 
doubted  that  these  metals  in  the  form  of  oxides,  if  in  a  sufficiently 
divided  state,  acted  to  suppress  detonation.  It  was  observed, 
furthermore,  that  the  metals  which  are  effective  as  "anti-knocks" 
are  capable  of  forming  two  oxides  and  that  the  temperatures  of 
transition  of  these  oxides  were  found  to  be  within  the  range  of 
temperatures  which  occur  during  compression  in  an  engine. 

In  Egerton's  conception  of  the  processes  of  combustion  he  sup- 
poses the  existence  of  a  chain  of  intermediate  products.  By  its 
interference  with  this  chain  of  reactions  the  active  metallic  oxide 
is  believed  to  work.  To  account  for  the  effectiveness  of  so  small 
a  concentration,  it  is  suggested  that  the  higher  oxide  of  the  metal 
is  reduced  to  the  lower,  thereby  oxidising  the  intermediate  organic 
product  which  would  otherwise  give  rise  to  detonation.  On  next 
meeting  an  oxygen  molecule  the  now  lower  metallic  oxide  is 
reconverted  to  the  higher  form.  By  such  means  the  molecule  is 
rejuvenated  with  enormous  frequency  and  is  so  enabled  to  work 
over  and  over  again. 

Organic  compounds  of  these  effective  metals  were  observed, 
first  by  Dr.  Weerman  in  Amsterdam,  to  raise  the  minimum  tem- 
perature of  ignition  of  a  hydrocarbon  fuel  and  air  when  these 
were  introduced  together  into  a  heated  iron  pot.  Under  conditions 
of  adiabatic  compression  ignition,  no  effect  on  ignition  temperature 
could  be  observed,  although  relatively  large  concentrations  of 
"anti-knock"  compounds  were  tried. 

It  is  seen^  therefore,  that  the  processes  involved  in  the  action  of 
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"anti-knocks"  are  not  as  yet  fully  explored.  Some  of  the  results, 
however,  are  of  very  practical  importance  for  certain  purposes, 
notably  in  aircraft  engines ,  and  some  quantitive  measurements 
with  engines  are,  therefore,  worthy  of  recording  here. 
The  influence  of  a  given  concentration  of  lead  tetraethyl  depends 
upon  the  chemical  composition  of  the  hydrocarbon  fuel.  In 
general,  the  effectiveness  in  suppressing  detonation  is  greater  in 
a  fuel  of  high  initial  H.U.C.R.  than  in  a  fuel  which,  when  un- 
treated, detonates  at  a  lower  compression. 
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Example  of  Influence  of  Fuel  on  the  Effectiveness  of  an 
"z\nti-Knock" 
In  Fig.  7  is  summarised  in  curve  form  the  results  of  a  number 
of  tests  wherein,  in  each  case,  5  c.c.  of  "Ethyl  Fluid"  (seven- 
twelfths  of  which  by  volume  consisted  of  lead  tetraethyl)  were 
added  to  a  gallon  each  of  three  widely  different  samples  of  petrol. 
From  the  graph  it  will  be  seen  that  this  concentration  raised  the 
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H.U.C.R.  of  a  very  good  petrol  by  0.93  ratios,  of  a  moderately 
good  one  by  0.62  ratios,  and  of  a  very  poor  petrol  by  only  0.38 
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Examples  of  Effectiveness  of  an  "Anti-Knock"  in  Different 
Concentrations 

Shown  in  Fig.  8  is  the  increase  of  H.U.C.R.  due  to  the  presence 
of  "Ethyl  Fluid"  in  various  concentrations.  It  is  seen  that  the 
steepness  of  the  curve  falls  off  gradually  as  the  concentration  is 
increased.  Even  up  to  20  c.c,  however  (at  which  concentration 
the  compression  ratio  could  be  raised  by  2  ratios,  corresponding 
to  an  increase  in  engine  efficiency  of  13  per  cent.),  there  is  no 
evidence  that  a  further  addition  would  not  have  been  effective  in 

'E.35*  ENGINE. 


Percentage  of  Toluene  in  Texas  Gasoline. 
Fig.  10. 


raising  the  H.U.C.R.  still  further.  The  curves  in  Figs.  9  and  10 
are  of  interest  as  showing  how,  for  two  entirely  different  types 
of  engine  (Fig.  9  refers  to  the  small  sleeve- valve  engine  "E.5," 
while  Fig.  10  relates  to  the  large  poppet  valve  "E.35")  the  effec- 
tiveness of  the  metallic  "anti-knock"  diminishes,  while  the  effec- 
tiveness of  pure  toluene  increases,  with  increasing  concentrations 
of  each. 
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Example  of  Effectiveness  of  an  "Anti-Knock"  in  Different 
Types  of  Engine 

We  have  plotted  in  Fig.  11  from  the  two  preceding  graphs  the 
effectiveness  of  "Ethyl  Fluid"  in  terms  of  the  percentage  of  toluene 
giving  the  same  increase  of  H.U.C.R.  From  this  graphs  since 
the  two  curves  are  on  the  same  scales,  the  effects  of  various 
concentrations  are  readily  comparable  for  the  two  very  different 
types  and  sizes  of  engine.  It  is  interesting  to  observe  that  the 
curves  are  so  nearly  parallel  and  that  the  difference  in  effective- 
ness at  no  point  is  very  great,  when  it  is  considered  that  the 
variations  in  design  factors  are  so  wide. 
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Conclusions  on  Usefulness  of  "Anti-Knocks" 

Unfortunately,  owing  to  the  residues  left  behind  in  the  form  of 
lead  compounds  and  the  adverse  effect  of  these  deposits  upon  the 
engine  generally  and  particularly  upon  the  insulation  of  the 
sparking-plugs,  only  very  small  concentrations  of  lead  tetraethyl 
can  generally  be  employed. 

In  many  road  vehicle  engines  it  has  been  found  that  up  to 
3.5  c.c.  of  "Eth3l  Fluid"  per  gallon  of  fuel  can  be  employed  without 
harm.  From  the  graph.  Fig.  8,  it  is  seen  that  with  "Texas 
Gasoline"  (which  represents  a  good  petrol)  the  increase  in 
H.U.C.R.  due  to  this  concentration  is  0.6.  If  the  engine  com- 
pression is  raised  by  this  amount  the  efficiency  will  be  thereby 
increased  by  5  per  cent. 
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In  certain  aircraft  engines  much  higher  concentrations  of  "Ethyl 
Fluid"  have  been  used — though  often  with  the  formation  of  objec- 
tionable deposits — and  the  resulting  attainments  both  in  power 
and  fuel  economy  have  never  been  approached  by  any  other 
means. 

Summarising  the  usefulness  of  metallic  "anti-knocks"  so  far  as 
their  development  has  proceeded  up  to  the  present  time,  it  may  be 
said  :  — 

(a)  For  road  vehicles,  owing  to  the  limitations  set  by  the 
deposits  of  residue,  the  advantages  both  in  power  and  economy 
are  relatively  small.  At  least  equal  scope  remains  for  improved 
efficiency  by  further  attention  to  engine  design.  Probably  almost 
equal  scope  is  available  from  improvements  in  the  methods  of 
"cracking." 

(6)  For  engines  where  a  very  high  duty  is  required  for  com- 
paratively short  periods,  the  use  of  existing  "anti-knocks"  has 
already  a  high  importance. 

Volatility  of  Engine  Fuels 

The  factor  of  fuel  volatility,  as  well  as  that  of  freedom  from 
detonation,  sets  a  limit  to  the  range  of  hydrocarbons  that  can  be 
used. 

In  modern  petrol  engines  the  range  is  from  butane  (having  a 
boiling  point  of  1°C.)  up  to  tridecane  (with  a  boiling  point  of 
219°C.)  and  includes  naphthenes,  aromatics  and  olefines  with 
boiling  points  between  these  limits. 

On  simple  theoretical  grounds  there  are  wide  permissible  limits 
of  variation  in  the  proportions  of  the  hydrocarbons  present,  pro- 
vided they  are  within  this  approximate  range.  Subject  to  detona- 
tion being  absent,  all  hydrocarbons  give  the  same  power  output 
within  less  than  one  per  cent.  The  thermal  efficiency  with  which 
they  can  be  burned  is  the  same  for  all,  at  the  same  compression, 
provided  there  is  no  detonation. 

The  qualifications  which  must  follow  such  statements  are,  how- 
ever, of  immense  practical  importance.  Some  of  the  factors  will 
be  mentioned  briefly  as  follows  : — 

(a)  Where  the  weight  of  fuel  to  be  carried  must  be  reduced  to 
the  minimum  (such  as  in  aircraft),  a  high  proportion  of  volatile 
constituents  is  advantageous,  due  to  the  higher  heat  value  (per 
unit  of  weight)  of  such  fuels. 

(b)  Where  tank  space,  or  the  cost  of  fuel  per  gallon,  is  of  first 
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importance,  the  less  volatile   fuel   may  show   an  advantage  in 
economy,  owing  to  the  higher  heat  value  per  unit  of  volume. 
The  following  table  of  typical  hydrocarbons  illustrates  these 
two  points. 

TABLE  IV. 


Heat  value  (effective) 

S.G.  at 

B.Th.U. 

Fuel. 

B.P.°C. 

15°C. 

Per  lb. 

Per  gal. 

Butane  (i) 

1 

.600 

19,830 

119,000 

Pentane 

36 

.634 

19,700 

125,000 

Hexane 

70 

.670 

19,565 

131,100 

Heptane 

98 

.688 

19,435 

133,700 

Octane 

125 

.704 

19,340 

136,200 

Nonane 

149 

.710 

19,255 

136,900 

Decane 

173 

.757 

19,170 

145,300 

Benzene 

78 

.884 

17,488 

154,600 

Toluene 

111 

.870 

17,700 

153,200 

Xylene  (p) 

138 

.866 

17,958 

155,800 

It  is  evident  that  in  the  vast  majority  of  uses  the  determining 
factors  are  those  of  price  and  economy  in  terms  of  the  units  of 
commerce,  namely,  in  gallons.  The  tendency  is,  therefore,  to 
increase  so  far  as  possible  the  range  of  hydrocarbons  and  par- 
ticularly to  increase  the  proportion  of  those  of  relatively  high 
boiling  points  and  of  high  heat  values  per  gallon. 

Further  qualifying  factors  are  briefly  as  follow  : — 

(c)  Ability  to  start  the  engine  when  it  is  cold.  An  insufficiency 
of  the  more  volatile  constituents  render  it  difficult  to  start  an 
engine  which  is  very  cold. 

{d)  The  "average"  volatility  of  the  fuel  appears  to  be  the 
characteristic  which  determines  the  equality  of  distribution  of 
fuel  as  between  cylinders  of  an  engine  fed  by  a  single  carburettor. 

{e)  It  is  also  the  "average"  volatility  or  some  very  similar 
characteristic  which  influences  the  direct  loss  of  fuel  through 
incomplete  evaporation  and  mixing  with  the  air  before  ignition. 

The  direct  losses  of  fuel  which  have  been  mentioned  much 
earlier  in  this  paper  are  mostly  increased  by  a  diminished  volatility, 
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but  they  are  also  controlled  to  a  great  extent  by  design  factors. 
The  degree  of  external  heating  appUed  to  the  air  and  to  the 
mixture  of  air  and  fuel  can  be  made  to  compensate  for  low 
"average"  volatility. 

The  "average"  or  effective  volatility  has  never  yet  been  satis- 
factorily defined,  but  taking,  as  a  rough  measure,  the  temperature 
at  which  70  per  cent,  of  the  fuel  is  condensed  (A.S.T.M,  distilla- 
tion test),  the  following  will  illustrate  the  scope  for  reducing 
"average"  volatility  and  so  making  use  of  a  wider  range  of 
hydrocarbons  and  a  greater  proportion  of  those  having  a  higher 
heat  value  per  unit  of  volume. 

Taking  five  different  "first-grade"  motor  spirits  we  find  that  the 
average  70  per  cent,  temperature  is  134°C.  The  corresponding 
figure  for  "third-grade"  petrols  is  at  present  138°C.  A  very  large 
motor  transport  company  finds  that  it  is  economical  to  employ  a 
fuel  with  a  70  per  cent,  temperature  of  160°C.  This  is  possible 
by  careful  attention  to  matters  of  design  and  by  using  a  rather 
unusually  high  temperature  in  the  induction  system  of  the  engine. 
By  using  also  thermostatic  control  of  the  circulation  of  cooUng 
water  and  so  ensuring  always  a  relatively  high  cylinder  tempera- 
ture, it  has  been  possible  to  employ  a  fuel  having  an  unusually 
high  proportion  of  the  heavier  hydrocarbons  and  actually  to 
utiUse  a  slightly  greater  distillation  range. 

High  temperature  in  the  induction  system  results  in  a  small  loss 
of  power  due  to  the  smaller  weight  of  air  induced  during  each 
cycle  of  the  engine.  It  is,  therefore,  only  where  economy  of  fuel 
is  of  the  greatest  importance  that  the  use  of  a  high  proportion  of 
the  heavier  hydrocarbons  is  of  advantage.  Furthermore,  such  a 
fuel  must  have  an  unusually  high  H.U.C.R.  to  compensate  for  the 
increased  tendency  to  detonation  due  to  the  high  induction  tem- 
perature needed  for  proper  evaporation  and  mixing.  Where  the 
greatest  power  output  is  the  main  consideration  a  higher  "average" 
volatility  is  of  advantage,  since  less  heating  of  the  air  is  required. 
There  is,  on  the  other  hand,  no  greater  power  obtained  from  a 
fuel  of  greater  volatility  if  the  engine  is  suitably  designed,  and 
the  induction  system  is  sufficiently  heated,  for  the  heavier  fuel. 

ZUSAMMENFASSUNG 

Zu  den  für  den  thermischen  Wirkungsgrad  der  Verbrennungskraftmaschinen 
und  somit  für  ihre  Leistung  bestimmenden  Faktoren  gehören:  Kompressions- 
grad, Verbrennungsgeschwindigkeit  und  -Vollständigkeit,  Flammenhöchst- 
temperatur,  Wärmeverluste   an   die   Zylinderwände   und   Brennstoffverluste 
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infolge  von  überreichen  Gemischen,  unvollständiger  Verdampfung  und 
dergleichen. 

Abgesehen  vom  thermischen  Wirkungsgrad  hängt  die  Arbeitsleistung  noch 
vom  Gewicht  der  in  einer  bestimmten  Zeit  angesaugten  Ladungen  und  von 
der  Innern  Reibung  der  Maschine  ab.  Obgleich  mit  erhöhtem  Kompressionsgrad 
die  Leistung  steigt,  so  wird  der  anwendbare  Kompressionsgrad  dennoch  durch 
die  Beschaffenheit  des  Brennstoffes  und  durch  die  Konstruktion  und  Grösse 
des  Zylinders  beschränkt.  Ebenso  beschränkt  den  anwendbaren  Kompressions- 
grad das  Erfordernis  der  Knallosigkeit,  weil  Knall  die  Wärmeverluste  erhöht 
und  schliesslich  zu  Frühzündung  führen  kann,  wodurch  die  Leistung  herab- 
gesetzt wird.  Die  Knalltendenz  wechselt  je  nach  den  im  Brennstoff  enthaltenen 
Kohlenwasserstoffen,  doch  sind  auch  Konstruktionsfaktoren  von  grossem 
Einfluss.  Unter  diesen  scheint  der  Abstand  vom  Zündpunkt  zum  äussersten 
Winkel  des  Verbrennimgsraumes  der  wichtigste  Faktor  zu  sein,  obgleich  er 
sich  infolge  der  Wirbel  und  der  Temperatur  der  Wände  etwas  verändert. 
Daraus  folgt  aber,  dass  umso  grössere  Kompressionen  zur  Anwendung  kommen 
können,  je  kleiner  die  Maschine  ist.  Alles  in  allem  genommen  ergibt  sich, 
dass  der  thermische  Wirkungsgrad  eines  Motors  innert  weiter  Grenzen  von 
seiner  Grösse  praktisch  unabhängig  ist.  Die  Knalltendenz  der  Brennstoffe 
kann  durch  metallische  "Gegenklopf mittel"  beschränkt  werden;  mehrere 
Autoren  führen  das  darauf  zurück,  dass  sie  den  Oxydationsvorgang  verändern 
und  dadurch  ein  "Klopfen"  verhindern.  Der  eigentliche  Vorgang  ist  indes 
noch  nicht  voll  erklärt  worden.  Die  metallischen  "Gegenklopf mittel"  führen 
zu  Ergebnissen,  die  auf  andere  Weise  nicht  zu  erreichen  sind,  und  sind  be- 
sonders im  Flugwesen  sehr  nützlich. 

Mit  Bleitetiaäthyl  vorgenommene  Versuche  ergaben,  dass  der  Wirkungsgrad 
mit  zunehmender  Konzentration  abnimmt  und  dass  die  erhaltene  Leistung 
vom  W^irkungsgrad  des  eigentlichen  Brennstoffgehaltes  abhängt. 
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ZUSAMMENFASSUNG 

The  oils  available  for  Diesel  engine  use  may  be  classified 
according  to  their  origin  into  petroleum,  shale  oils,  coal  tar  pro- 
ducts, lignite  tar  products,  wood  distillation  products,  animal  and 
vegetable  oils.  All  of  these  oils  have  been  used,  but  the  bulk  of 
the  oils  used  at  present  are  of  petroleum  origin. 

Historical 

The  earher  Diesel  engines  ran  mainly  on  the  gas  oil  fraction 
obtained  by  the  distillation  of  petroleum.  In  Germany,  however, 
the  import  taxes  applied  on  petroleum  products  soon  resulted 
in  coal  tar  and  lignite  tar  oils  being  used  instead.  At  first 
the  use  of  coal  tar  oil  gave  trouble,  but  later  it  was  found 
that  by  the  use  of  special  ignition  gear  the  coal  tar  distillates 
could  be  burnt  without  undue  difficulty.  The  underlying  differ- 
ence between  the  coal  tar  products  and  the  petroleum  products 
was  shown  by  Holm,i  Constam  and  Schläpfer,^  Moore^  and  others, 
to  be  due  to  the  higher  temperature  of  spontaneous  ignition  of 
the  coal  tar  products. 

Before  the  war,  shale  oils,  mainly  originating  from  the  Scotch 
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Shale  Oil  works,  were  tested  and  found  perfectly  satisfactory,  with 
the  result  that  both  before  and  during  the  war  the  heavy  distillates 
of  Scotch  shale  oil  were  largely  used  in  the  British  submarine  service. 

Since  the  war,  Diesel  engines  in  most  parts  of  the  world  have  been 
run  on  petroleum,  as  the  production  of  petroleum  has  been  adequate 
for  all  requirements,  and  the  prices  of  petroleum  products  have  been 
low  compared  with  the  prices  of  other  commodities  or  when  com- 
pared with  the  increased  post-war  labour  costs.  The  majority 
of  Diesel  engines  are  to-day  burning  either  residual  oil  obtained  by 
the  topping  of  crude  petroleum  or  blended  fuel  oils  made  by  mixing 
such  residua  \vith  gas  oil  (of  petroleum  origin). 

There  is  no  doubt  that  a  considerable  amount  of  experimental  work 
on  the  use  of  various  types  of  fuel  on  Diesel  engines  has  been  carried 
out  during  recent  years,  and  that  only  a  small  fraction  of  the  results 
have  been  published.  The  author  considers  that  the  following 
summary  of  the  information  which  has  come  into  his  hands  regarding 
the  experiences  with  various  fuels  will  be  of  service  to  Diesel  engine 
users.  It  is  not  intended  to  be  in  any  way  exhaustive,  as  space  will 
not  allow  more  than  a  brief  survey  of  the  subject. 

Petroleum  Oils 

As  previously  stated,  the  majority  of  Diesel  engines  are  at  present 
operating  on  petroleum  products. 

Though  the  makers  of  Diesel  engines  frequently  state  that  their 
engines  will  operate  on  high  gravity  residual  oils,  the  oils  actually 
used  on  the  majority  of  engines,  both  for  land  and  marine  service, 
are  either  distillates  or  very  light  residua. 

The  distillate  oils  are  almost  invariably  either  the  gas  oil  fraction  or 
a  mixture  of  the  gas  oil  fraction  with  sundry  other  high  boiling 
fractions  which  are  not  required  for  other  purposes.  The  gas  oils 
generaUy  possess  a  specific  gravity  of  between  -855  and  -865, 
a  very  high  heat  value  (approximately  10,300  calories,  which  is 
equivalent  to  18,540  B.Th.U.  for  the  net  heat  value),  and  have 
extremely  low  coke  values,  frequently  less  than  0-1  per  cent.  They 
are  practically  free  from  both  hard  and  soft  asphalt,  and  possess  a 
low  temperature  of  spontaneous  ignition — roughly  250  to  260°C.  in 
oxygen.  They  are  very  mobile,  their  viscosity  being  in  the  region  of 
30  to  60  seconds  (Redwood  at  70°F.),  while  on  distillation  the  bulk 
of  the  oil  distils  between  200  and  350°C.  There  is  a  considerable 
variation  in  the  distillation  range  and  in  the  viscosity,  as  many  gas 
oils  prepared  from  inferior  crudes  contain  kerosene  fractions  which 
are  not  separated  on  account  of  their  low  value. 
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The  residual  fuel  oils  vary  in  specific  gravity  from  -870  to  -980,  but 
both  extremes  are  exceptional.  Low  gravity  oils  are  asphalt  free 
and  have  characteristics  very  similar  to  those  of  gas  oils  except  for 
a  slightly  darker  colour.  The  heavy  residues  are  obtained  from 
asphaltic  crude  oils  originating  from  California,  Mexico  and  South 
America.  It  is  only  comparatively  rarely  that  oils  having  a  gravity 
over  -930  are  employed,  although  the  results  of  many  trials  carried 
out  with  them  have  been  published. 

At  the  present  time,  as  the  petroleum  industry  is  suffering  from 
over  production  and  ample  supplies  of  low  gravity  residua  are 
available  at  low  prices,  there  is  no  incentive  to  use  heavy  residues 
as  in  the  past.  This  is  apart  from  the  fact  that  the  use  of  petroleum 
asphalt  for  road  manufacturing  and  road  treating  has,  to  a  large 
extent,  removed  certain  of  the  asphaltic  oils  of  high  sulphur  content 
from  the  fuel  oil  market. 

A  product  which  has  only  comparatively  recently  entered  the  fuel 
oil  market  is  the  residual  oil  obtained  from  cracking  plants.  Such 
oils  vary  greatly,  depending  upon  the  raw  material  upon  which 
the  cracking  plant  is  operating  and  also  upon  the  working  conditions 
of  the  plant.  The  residue  from  the  liquid  phase  cracking  plants  is 
generally  a  mobile  liquid  of  comparatively  low  boihng  range,  but 
of  higher  specific  gravity  than  is  usual  with  a  petroleum  product 
distilling  over  the  same  temperatures.  It  is  rich  in  unsaturated  and 
probably  rich  in  aromatic  hydrocarbons.  It  possesses  a  com- 
paratively high  spontaneous  ignition  temperature  which  makes 
the  problem  of  burning  it  in  a  Diesel  engine  somewhat  similar  to  that 
encountered  when  tar  oil  is  employed.  The  fuel  oil  obtained  from 
cracking  plants  varies  greatly  in  its  content  of  free  carbon,  some 
oils  being  almost  entirely  free  from  mechanical  impurities  of  any 
description,  while  others  contain  particles  of  coke.  In  addition  to 
this  product,  plants  of  the  Cross  and  Jenkins  type  give  a  product 
known  as  "recharging  stock,"  which  has  a  distillation  range  not 
far  removed  from  that  of  kerosene.  When  first  obtained  from  the 
plant  it  is  a  pale  yellow  liquid,  extremely  mobile,  rich  in  unsaturated 
and  containing  aromatic  hydrocarbons.  It  has  a  high  ignition  point 
and,  though  it  has  not  yet  been  developed  as  a  fuel  for  vapouris- 
ing  engines  operating  upon  the  constant  volume  cycle,  there  is 
little  doubt  that  it  would  make  a  much  more  satisfactory  product 
for  this  purpose  than  straight-run  kerosene  on  account  of  its  anti- 
detonating  properties. 

Although  a  great  variety  of  tests  have  been  devised  and  are  useful 
on  special  occasions  for  the  valuation  of  petroleum  fuel  oil,  in  the 
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majority 

■  of  cases  the  quaUty  can  be  gauged  by  means  of  the  following 

eight  tests: — 

(1) 

Specific  gravity. 

(2) 

Closed  flash  point. 

(3) 

Cold  test. 

(4) 

Heat  value. 

(5) 

Ash  content  with  comment  on  nature  of  ash  (wherever 

possible  a  sample  of  the  ash  should  be  submitted  with  the 

report) . 

(6) 

Water  content. 

(7) 

Coke  value. 

(8) 

Hard  asphalt. 

It  will  be  observed  that  several  important  tests  have  been  omitted, 
most  notably  the  heat  value,  the  viscosity  and  the  soft  asphalt. 

Shale  Oil 

The  shale  oils  are  chemically  very  similar  to  the  petroleum  oils,  but 
being  produced  by  a  process  of  destructive  distillation  they  are 
comparatively  free  from  asphaltic  matter. 

They  contain  a  comparatively  high  proportion  of  unsaturated 
compounds.  This  has,  however,  little  effect  on  their  use  in  oil 
engines.  They  may  be  compared  with  the  petroleum  distillates  and 
give  almost  identical  results  both  as  regards  the  cleanness  of  burning 
and  thermal  efficiency.  As  the  heat  value  is  very  similar  to  that  of 
petroleum,  the  consumption  is  practically  identical. 

Coal  Tar  Products 
The  raw  coal  tars  vary  very  greatly  in  composition  according  to 
the  nature  of  the  coal  from  which  they  originate  and  also  according 
to  the  plant  in  which  they  have  been  produced.  The  latter 
appears  to  have  a  greater  effect  on  the  properties  of  the  tar  than 
does  the  quality  of  the  coal  treated.  UnHke  the  petroleum  and 
shale  products,  the  tars  are  rich  in  oxygen  and  contain  compounds 
such  as  cresols;  the  high-gravity  tars  obtained  by  high-temperature 
distillation  are  also  rich  in  a  substance  known  as  "free  carbon,"  a 
finely  divided  coke-hke  substance  which  is  insoluble  in  the  body 
of  the  tar.  During  the  war,  when  restrictions  were  placed  on 
petroleum  supplies,  the  author  made  careful  analyses  of  all  the 
available  raw  coal  tars,  and  the  figures,  together  with  corresponding 
figures  for  a  typical  petroleum  fuel  oil,  are  given  in  the  following 
table:— 
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Description. 


Horizontal  retort 
tar 

Inclined  retort  tar 

Vertical  retort  tar 

Otto  Hilgenstock 
coke  oven  tar  .  . 

Simon-Carve  coke 
oven  tar 

Chamber  oven  tar 

Low  temp,  carbon- 
isation tar 

Water  gas  tar    . . 

Blast  furnace   tar 

Blast  furnace  tar 
oil 

Oil  distilled  from 
low  temp,  tar  .  . 

Horizontal  retort 
tar  oil 

American  petro- 
leum fuel  oil  . . 


Sp.  Gr 

at 
ISO'C. 

Water. 

1180 
1157 
1089 

1-75 
Ml 
2-25 

1-208 

6-00 

1090 
1082 

0-50 
1-29 

1058 
1054 
1172 

3  00 
0-59 
3  00 

0-974 

none 

0-884 

none 

1-065 

1-00 

0-889 

none 

Ultimate  Composition. 


C. 


91-5 
89-9 
88  0 


88- 1 
88-2 

85-8 
92-2 
89-5 

87-25 

85-6 

901 

86-7 


O. 

H.     and  N. 


5-2 
6  0 
6-8 


5-6 
6-9 

81 
6-8 
5-75 

9-8 
11-4 

6-8 
12-55 


2-6 
3-6 
3-8 


61 
4-6 

5-49 

0-4 

0-55 

2-59 

2-48 

2-4 

Oil 


0-5 
0-5 
0-6 

0-8 

0-2 
0-3 

009 

0-6 

0-84 

0-36 

0-4 

0-50 

0-64 


Ash. 


0-20 
0-20 
003 


0-07 
traces 

Oil 

traces 
0-36 

none 

none 

0-2 

traces 


24-0 
18-5 
61 


6-0 
7-3 

8-2 
18-7 
23-4 

105 

0-84 

30 

0-60 


Net    Calorific 
Value. 


Calories.  B.Th.U. 


8,645 
8,671 
8,664 


9,261 
8,737 

8,776 
8,647 
8,288 

9,243 

9,558 

9,243 

10.108 


15,561 
15,626 
15,613 

15,523 

16,670 
15,727 

15,797 
15,563 
14,918 

16,637 

17,204 

16,637 

18.194 


Free 
Carbon. 


18-2 

140 

1-7 

23-9 

traces 
30 

2-2 
6-8 
9-5 

none 

none 

none 

none 


The  coal  tars  have  been  burnt  on  heavy  oil  engines  with  more  or 
less  success.  Those  of  high  free  carbon  content,  such  as  some  of 
the  horizontal  retort  and  coke  oven  tars,  have  not  been  found 
satisfactory,  but  a  great  deal  of  vertical  retort  tar  has  been  employed 
in  Germany.  This  fuel  appears  to  have  given  the  greatest  satis- 
faction on  large  two-stroke  Diesel  engines,  probably  on  account  of  the 
absence  of  exhaust  valves,  which  appear  to  be  the  most  sensitive  part 
of  the  engine  when  refractory  fuels  are  being  burnt. 

All  the  coal  tar  products,  whether  raw  tars  or  distillates,  possess 
comparatively  high  spontaneous  ignition  temperatures,  and,  there- 
fore, do  not  ignite  in  a  Diesel  engine  with  the  same  ease  as  petroleum 
products.  Several  methods  have  been  adopted  for  overcoming 
this  difficulty,  the  most  obvious  being  to  raise  the  compression  ratio 
of  the  engine.  As,  however,  very  high  compression  pressures  are 
incHned  to  cause  mechanical  trouble,  this  method  is  not  particularly 
satisfactory  and  in  many  cases  users  have  employed  normal  com- 
pression ratios  which  will  operate  satisfactorily  when  the  engine 
is  running  on  heavy  loads,  but  which  are  insufficient  to  bring  about 
ignition  under  starting  conditions.  To  overcome  this  difficulty, 
the  engine  has  been  started  up  on  petroleum  oil  and  run  on  this  fuel 
imtil  it  is  thoroughly  warmed.  A  still  more  satisfactory  method  is 
by  the  use  of  pilot  ignition  gear,*'^  whereby  a  small  charge  of  petro- 
leum oil  is  introduced  into  the  cylinder  immediately  prior  to  the 
main  charge  of  the  coal  tar  product.  The  quantity  of  ignition  oil 
required  is  usually  approximately  5  per  cent,  of  the  fuel.  It  has 
the  effect  of  producing  ignition  and  warming  up  the  combustion 
space  to  a  sufficiently  high  temperature  to  bring  about  satisfactory 
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combustion  of  the  less  easily  ignitible  coal  tar  product.  With  the 
use  of  this  gear  practically  all  the  higher  boiling  coal  tar  distillates 
may  be  used  in  heavy  oil  engines. 

Low  boihng  products,  which  are  highly  unsaturated,  are  Hable 
to  oxidise  with  the  formation  of  varnish-like  constituents,  and  this 
has  been  found  to  give  trouble  on  engines  operating  with  air  blast. 
This  difficulty  can  probably  be  overcome  by  mechanical  means,  that 
is  to  say,  by  a  slight  alteration  of  the  pulverising  devices.^ 

There  is  no  question  of  the  suitability  of  coal  tar  products.  If 
available  at  economic  prices  they  are  perfectly  satisfactory  fuel 
for  Diesel  engines.  They  possess  a  slightly  lower  heat  value,  but 
experience  has  shown  that,  probably  on  account  of  their  lower 
viscosity,  they  gave  a  slightly  higher  thermal  efficiency  than  petro- 
leum oils.  In  the  event  of  a  petroleum  shortage,  there  is  no  doubt 
that  they  would  be  largely  used  as  Diesel  engine  fuels.  At  the  pre- 
sent time,  however,  and  in  this  country  at  least,  they  command  a 
better  price  for  other  purposes. 

Tars  obtained  by  low-temperature  distillation  are  generally  suitable 
for  use  without  distillation,  provided  that  they  are  comparatively 
free  from  free  carbon,  ash  and  water.  As  many  of  these  tars  are 
badly  emulsified  with  water  when  first  generated,  they  often  require 
a  very  drastic  centrifugal  treatment.  Although  they  are  not  usually 
as  difficult  to  ignite  as  the  coal  tar  oils,  special  precautions  are 
necessary  to  ensure  complete  combustion. 

Lignite  Products 

The  lignite  tars  have  been  very  little  used  in  this  country,  as  no 
Hgnite  industry  exists  here,  but  oils  produced  by  the  redistillation 
of  lignite  tars  have  been  used  to  a  considerable  extent  in  Germany. 
Lignite  tar  is  rich  in  paraffin  wax,  contains  unsaturated  compounds 
and  absorbs  oxygen  from  the  air.  In  use  it  offers  no  difficulties  and 
its  wider  application  is  purely  an  economic  problem. 

Liquid  products  are  obtained  from  the  destructive  distillation  of 
peat  and  wood;  their  production  is  on  a  comparatively  small  scale 
and  they  command  higher  prices  for  other  industrial  purposes. 
There  appears  to  be  little  likelihood  that  they  will  ever  seriously 
enter  the  fuel  market. 

Animal  and  Vegetable  Oils 

In  spite  of  their  fundamentally  different  chemical  constitutions, 
these  oils  behave  very  similarly  to  petroleum  products  when  used 
as  fuels  for  Diesel  engines.'  The  animal  and  vegetable  oils  are 
glycerides  and,  on  account  of  their  oxygen  content,  possess  a  lower 
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heat  value  than  hydrocarbon  products.  The  spontaneous  ignition 
temperature  of  whale  oil  was  found  by  the  author  to  be  very  little 
different  from  that  of  petroleum  fuel  oil.'  Actual  experience  also 
showed  that  the  pilot  ignition  gear  used  for  tar  oils  is  quite  un- 
necessary when  burning  saponifiable  oils. 

Specifications 

There  have  been  very  numerous  specifications  issued  from  time 
to  time  deahng  with  fuel  oils.  In  1924,  the  British  Engineering 
Standards  Association  published  a  set  of  four  specifications  dealing 
with  fuel  oils  for  heavy  oil  engines.*  These  specifications,  which 
cover  all  oils  originating  from  shale  or  petroleum,  are  practically 
the  only  fuel  oil  specifications  in  use  in  this  country  at  the  present 
time.  All  four  call  for  a  minimum  flash  point  (P.M.)  of  150°F. 
(66°C.).  The  maximum  allowed  for  the  asphalt  content  varies 
from  0-5  to  12  per  cent,  throughout  the  range  of  the  specifications 
and,  whilst  a  maximum  ash  content  of  0-05  per  cent,  is  stipulated 
for  three  of  the  oils,  0-01  per  cent,  is  stipulated  for  the  thinnest 
oil.  The  viscosity  and  cold  test  vary  throughout  the  series  of 
specifications. 

Numerous  specifications  governing  the  quality  of  tar  oil  for  Diesel 
engines  use  have  been  drawn  up  both  in  Germany  and  in  this 
country,  but,  as  tar  oil  has  been  practically  out  of  use  as  a  Diesel 
fuel  in  this  country  for  the  last  eight  years,  there  has  been  little  call 
for  an  official  specification.  When  tar  oil  was  in  use  many  of  the 
users  made  their  own  specification,  a  typical  specification  appearing 
in  the  paper  by  Charles  Day,^  which  was  published  at  a  time  when 
the  use  of  tar  oil  was  fairly  extensive.  In  this  specification  the 
constituents  insoluble  in  xylol  are  hmited  to  0-2  per  cent.,  the  ash 
content  to  -08  per  cent.,  water  content  to  2-5  per  cent,  and  the  coke 
to  3  per  cent.  In  order  to  ensure  comparative  freedom  from  naphtha- 
lene, it  was  stipulated  that  the  oil  should  be  liquid  at  60°F.  Other 
specifications  of  a  similar  nature  were  put  forward  about  the  same 
date  by  the  Augsburg  Nuremburg  Company^*^  and  by  the  Sulzer 
Company. ^^ 

Analysis  of  Diesel  Oils 

A  list  of  the  eight  tests,  considered  by  the  author  to  be  generally 
sufficient  for  the  purposes  of  valuation  of  Diesel  fuel  oil,  has  already 
been  given.  Occasions  arise,  however,  when  the  type  of  oil  is 
somewhat  unusual  and  it  is  necessary  to  employ  tests  other  than 
those  to  which  reference  has  been  made. 
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The  following  remarks  regarding  the  individual  tests  and  their 
bearing  on  the  valuation  of  the  oils,  may  be  of  assistance  to  engineers. 

Specific  Gravity 

This  test  gives  an  indication  of  the  nature  of  the  chemical  bodies 
present  in  the  oil  and,  although  it  is  of  no  direct  importance,  it  is 
very  useful  for  purposes  of  classification.  A  high  specific  gravity 
indicates  the  presence  of  aromatic  hydrocarbons,  cresols  or  asphaltic 
bodies.  The  appearance  gives  a  good  indication  as  to  whether  the 
oil  is  asphaltic  or  not,  so  that  by  taking  into  account  the  appearance 
and  the  specific  gravity,  a  rough  estimate  as  to  the  nature  of  the 
product  may  be  formed. 

Flash  Point 

The  flash  point,  which  may  be  determined  by  either  the  closed  or  open 
method,  is  merely  of  value  in  indicating  any  danger  of  fire  which 
may  be  encountered  during  transport  and  storage.  It  has  practi- 
cally no  bearing  on  the  behaviour  of  oil  in  the  engine  and  has  no 
relationship  to  the  spontaneous  ignition  temperature  which  only 
effects  the  ignition  of  the  oil  in  the  engine. 

Viscosity 
Viscosity  is  generally  considered  to  be  an  indication  of  the  asphalt 
content  of  a  petroleum  oil  but  the  presence  of  asphalts  can  be 
estimated  more  effectively  by  other  methods.  Extremely  viscous 
oils  do  not  flow  easily  and  trouble  is  experienced  in  making  them 
flow  from  the  service  tanks  to  the  fuel  pump.  It  is  advisable  to 
pre-heat  these  oils.  A  low  viscosity  is  an  advantage,  because  mobile 
oils  generally  pulverise  better  and  consequently  burn  with  a  higher 
thermal  efficiency.  The  viscosity,  therefore,  indicates  the  type  of 
pulverising  device  most  suitable  for  the  oil;  thus,  comparatively 
restricted  settings  can  be  used  with  thin  oils,  whereas  more  open 
settings  are  necessary  in  order  to  obtain  full  load  with  highly 
viscous  oils. 

Cold  Test 
The  temperature  at  which  an  oil  ceases  to  flow  is  known  as  the 
"cold  test."  This  property  is  quite  distinct  from  the  viscosity,  as 
comparatively  thin  oils  frequently  have  high  cold  tests.  With 
petroleum  oils  this  effect  usually  results  from  the  separation  of 
paraffin  wax,  while  in  coal  tar  distillates  it  is  naphthalene  which 
generally  separates.  The  author  has  frequently  experienced 
difficulty  in  dealing  with  oils  of  high  cold  test  on  account  of  the 
variation  in  the  ash  content  with  different  deliveries.     The  petroleum 
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fuel  oils  used  in  this  country  pass  through  a  large  number  of  storage 
installations  before  being  received  by  the  consumer  and  this  storage 
allows  ample  time  for  sand  or  other  mechanical  impurities  to  settle 
out.  When  oils  contain  a  high  proportion  of  paraffin  wax,  the 
separation  of  the  sand  during  cold  weather  is  frequently  prevented. 
Consequently  oils  are  liable  at  times  to  have  excessively  high  ash 
contents,  which  may  cause  serious  trouble  in  the  engine.  This 
is,  however,  only  an  indirect  effect  of  a  high  cold  test. 

Heat  Value 
There  is  comparatively  little  variation  in  the  heat  value  of  petro- 
leum oils  excepting  when  varying  asphalt  contents  are  encountered. 
As  a  result  the  heat  value  can  generally  be  estimated  with  reasonable 
accuracy  from  either  the  asphalt  content  or  the  specific  gravity. 

Sulphur  Content 

There  appears  to  be  no  direct  relationship  between  the  sulphur 
content  of  an  oil  and  its  behaviour  in  an  engine.  Apart  from  a  few 
cases  of  silencer  corrosion,  no  deleterious  effects  resulting  from  the 
use  of  oils  of  high  sulphur  content  have  been  observed.  When 
sulphur  is  present  as  a  constituent  of  hard  asphalt  it  may,  however,^ 
present  quite  serious  difficulties;  but  it  is  better  to  consider  these 
the  result  of  the  presence  of  the  hard  asphalt  rather  than  the  effect 
of  the  sulphur.  It  is  noticeable  amongst  the  oils  of  high  asphalt 
content  that  those  possessing  a  high  sulphur  content  are  usually 
comparatively  rich  in  hard  asphalt,  while  those  of  low  sulphur 
content  usually  contain  a  much  higher  proportion  of  soft  asphalt. 
The  sulphur  content  of  residual  petroleum  oils  varies  from  ca.  0-5 
to  ca.  4-5  per  cent. 

Water  Content 

Water  is  generally  present  in  petroleum  oils  in  the  form  of  a 
suspension  or,  in  large  quantities,  as  a  layer  at  the  bottom  of  the 
tank,  while  in  coal  tar  oils  a  certain  amount  is  present  in  solution. 
A  little  water  present  in  solution  gives  no  trouble  and  its  only  effect 
is  to  lower  the  heat  value  slightly.  Water  which  is  not  in  solution 
and  consequently  not  evenly  distributed  throughout  the  oil,  may, 
however,  cause  very  serious  trouble.  Usually  little  difficulty  is 
encountered  if  the  water  content  is  below  1  per  cent.,  but  when  it 
exceeds  this  quantity  it  frequently  collects  in  the  fuel  pump,  with 
the  result  that  for  a  period  the  engine  runs  steadily  on  oil  alone. 
The  globules  of  water  eventually  pass  to  the  engine  and  a  misfire 
results,  with  consequent  lowering  of  the  engine  speed,  fall  of  the 
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governor  and  overloading  of  the  engine  for  several  cycles  following 
the  misfire.  This  overloading  is  inclined  to  result  in  smoking  and 
fouling  of  the  engine  and  contamination  of  the  lubricating  oil. 
Mixed  charges  containing  water  and  oil  do  not  burn  satisfactorily 
and  may  result  in  incomplete  combustion,  which  may  cause  partly 
burnt  fuel  oil  to  be  deposited  in  the  lubricating  oil.  As  a  result, 
many  installations  are  now  equipped  with  centrifugal  separators 
to  remove  the  water  immediately  prior  to  the  oil  being  used  in  the 
engine.  On  land  installations  it  is  possible  to  separate  the  water 
with  a  reasonable  degree  of  efficiency  by  the  use  of  storage  tanks 
situated  in  the  engine  room  or  in  some  other  warm  place.  The 
outlet  from  these  and  also  from  the  service  tanks,  is  always  situated 
above  the  level  of  the  bottom  of  the  tank  to  prevent  water  being 
drawn  off.  In  marine  work  the  movement  of  the  boat  prevents 
satisfactory  settling  and  the  centrifuge  is  the  only  satisfactory 
method  of  removing  water.  Centrifuging  greatly  reduces  the  ash 
content. 

Spontaneous  Ignition  Temperature 
This  test  is  only  required  when  differentiating  between  various 
classes  of  oil,  such  as  between  tar  oils,  low-temperature  tars  and 
petroleum   products.     It   is   very  rarely  required   for   commercial 
valuation. 

Mechanical  Impurities 

The  mechanical  impurities  are  the  bodies  insoluble  in  organic 
solvents  such  as  xylol.  They  rarely  present  any  difficulty  except 
when  the  ash  content  is  high;  the  mechanical  impurities  are  then 
generally  identical  with  the  substances  responsible  for  the  ash. 
There  are  occasions,  however,  when  mechanical  impurities  con- 
sisting of  ash-free  material  are  encountered.  Such  cases  arise  when 
oil  has  been  stored  in  open  tanks  and  contains  leaves,  or  when  it  has 
been  transported  in  barrels  and  contains  fibrous  material  from  the 
bung  wrappers.  The  mechanical  impurities  of  raw  coal  tar  are 
known  as  "free  carbon." 

Ash  Content 

The  inorganic  matter  present  in  Diesel  engine  fuel  oils  remains 
in  the  combustion  space  immediately  after  burning  and  on  com- 
pletion of  the  stroke  passes  through  the  exhaust  valve  or  becomes 
mixed  with  the  lubricating  oil.  The  major  portion  of  the  ash  is, 
probably,  blown  from  the  exhaust  valve  or  exhaust  port,  but  a 
comparatively  small  proportion  accumulates  in  the  lubricating  oil. 
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Eventually  this  forms  a  pasty  mixture  which  may  prove  very  erosive 
and  result  in  very  rapid  wear  of  the  piston  rings  and  the  liner.  The 
amount  of  erosion  is  dependent  upon  the  nature  of  the  ash.  Some 
ashes,  containing  vanadium  oxide,  iron  oxide  or  sihca,  are  very 
erosive,  while  others  consisting  of  sodium  compounds  are  com- 
paratively non-injurious.  It  is  usual  in  specifications  to  limit  the 
ash  content  to  0-05  per  cent.,  but  if  the  ash  is  of  a  non-erosive 
nature  this  figure  may  safely  be  increased.  With  erosive  ashes 
the  figure  stated  should  never  be  exceeded  and  should  preferably 
be  well  below  it. 

Engler  Distillation 

The  Engler  distillation  indicates  the  boiling  point  of  the  products 
present;  but,  as  high  boiling  products  burn  quite  as  satisfactorily  as 
low  boiling  products,  it  is  of  Httle  importance  for  Diesel  engine  oils. 
It  is  occasionally  of  use  as  a  means  of  finding  out  how  the  oil  has 
been  prepared;  thus,  in  residual  oils  it  indicates  which  products  have 
been  removed  during  the  distillation  and  consequently  which  pro- 
ducts remain  in  the  residue. 

Coke  Value 
The  coke  value  is  a  comparatively  simple  test  carried  out  by  heating 
the  oil  in  the  absence  of  air  until  all  the  distillable  products  have 
been  driven  off  and  a  residue  of  coke  remains.  The  figure  is  practi- 
cally a  measurement  of  the  amount  of  asphalt  present  and  is  very 
useful  on  this  account.  High  coke  value  indicates  the  presence  of 
hard  asphalt  or  of  larger  quantities  of  soft  asphalt. 

Hard  and  Soft  Asphalt 
The  asphalts  are  not  definite  bodies  but  are  complicated  mixtures 
containing  oxygen  and  sulphur,  as  well  as  carbon  and  hydrogen. 
They  may  be  looked  upon  as  solid  bodies  dissolved  in  oil  and  are 
largely  responsible  for  the  black  colour  and  the  high  viscosity  of 
certain  fuel  oils.  Being  mixtures  of  a  large  number  of  compounds, 
no  definite  dividing  line  exists  between  oil  and  asphalt  or  between 
the  various  types  of  asphalt.  It  has  been  found  by  experiment 
that  they  do  not  readily  dissolve  in  certain  solvents,  so  that  by 
choosing  the  solvent  onecan  precipitate  them  more  or  less  completely. 
The  solvents  generally  employed  for  analysis  are  either  benzine,  that 
is  to  say,  a  light  petroleum  distillate,  or  a  mixture  of  alcohol  and 
ether.  The  mixture  of  alcohol  and  ether  does  not  dissolve  as  large 
a  proportion  of  the  asphaltic  bodies  as  does  the  benzine,  so  that  by 
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using  an  alcohol-ether  mixture  one  usually  obtains  a  higher  asphalt 
value  and  an  asphalt  of  a  softer  nature  than  that  obtained  by  the 
use  of  benzine.  The  substances  insoluble  in  alcohol-ether  mixture 
are  usually  referred  to  as  the  "total  asphalt,"  and  the  test  is  known 
as  the  "soft  asphalt  test."  The  product  precipitated  by  benzine  is 
usually  smaller  in  quantity  and  harder  in  nature,  and  is  known  as 
"hard  asphalt."  One  must  bear  in  mind  that  the  product  precipi- 
tated by  alcohol-ether  usually  contains  the  same  material  as  that 
precipitated  by  benzine;  in  other  words,  the  alcohol-ether  gives 
total  asphalt,  both  hard  and  soft,  whereas  the  benzine  test  gives  the 
hard  only.  It  has  been  found  that  the  soft  asphalt  presents  com- 
paratively little  trouble  when  burnt  in  Diesel  engines  but  that  the 
hard  asphalt  is  much  more  difficult  to  bum,  particularly  in  high- 
speed engines.  ^^ 

The  ratio  of  hard  and  soft  asphalt  varies  very  considerably  in 
different  oils.  A  large  proportion  of  the  total  asphalt  content  in 
Mexican  oils  is  hard  asphalt,  whilst  others  examined  by  the  author 
from  the  Barbadoes  and  the  Argentine  show  a  much  larger  pro- 
portion of  soft  asphalt. ^2  Usually  oils  rich  in  sulphur  contain 
a  comparatively  high  proportion  of  hard  asphalt.  It  is  therefore 
possible  that  the  hard  asphalts  are  largely  polymerised  sulphur 
-compounds,  whilst  the  soft  asphalts  are  either  hydrocarbons  or 
contain  carbon,  hydrogen  and  oxygen.  This,  however,  is  a  conjec- 
ture. 

Hard  asphalt  is  liable  to  cause  coke  formation  in  the  engine, 
smoking  at  the  exhaust  and  injuries  to  the  exhaust  valve  face,  when 
poppet  valves  are  in  use.  With  port-scavenged  two-stroke  engines 
the  exhaust  valve  difficulty  is  not  encountered  and  large  two- 
stroke  engines  operating  at  comparatively  slow  speeds  actually 
give  better  results  when  burning  oils  of  high  hard  asphalt  content. 

The  Influence  of  Engine  Design 

In  deciding  the  nature  of  the  oil  to  be  used  on  a  Diesel  engine  it  is 
necessary  to  make  allowance  for  the  design  of  the  engine  itself. 
This  factor  can  only  be  judged  by  experience;  but  large,  slow-rimning 
engines  are  generally  capable  of  burning  the  more  asphaltic  oils 
better  than  smaller  and  faster  engines.  Engines  running  on  very 
variable  loads  are  also  more  sensitive  and  operate  better  on  distillate 
fuels.  The  compression  ratio  or  maximum  compression  pressure 
also  has  a  bearing  on  the  capabilities  of  the  engine  for  burning  heavy 
fuel.     High  compression  assists  in  the  burning  of  heavy  oils,  as  it 
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results  in  a  higher  maximum  temperature.  The  amount  of  com- 
pression necessary  is,  however,  very  much  influenced  by  the  dimen- 
sion of  the  cylinders,  larger  engines  reaching  a  higher  cylinder 
temperature  than  smaller  engines  having  the  same  compression, 
ratio. 

Another  point  which  has  to  be  considered  is  the  mean  effective 
pressure  at  which  the  engine  has  been  rated.  Difficulty  may  be 
experienced  in  burning  a  given  oil  at  full  load  in  an  engine  rated  at 
a  very  high  m.e.p.,  whereas  it  may  give  no  trouble  at  a  somewhat 
lower  rating. 

The  method  of  injection  also  influences  the  capabilities  of  an. 
engine  for  burning  heavy  fuel.  In  the  past  the  author  considered 
that  engines  provided  with  compressed  air  injection  could  burn  the 
heavy  oils  more  efficiently  on  account  of  superior  spraying  and 
turbulence.  Mechanical  injection  has  now  been  greatly  improved 
and,  at  the  present  time,  there  is  probably  very  little  to  choose 
between  the  two  systems.  Mechanical  injection  engines  are  capable 
of  giving  similar  results  to  compressed  air  engines  without  neces- 
sitating the  same  high  compression  ratios,  the  cooling  effect  of  the 
blast  which  affects  the  cylinder  temperature  considerably  being 
absent. 
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Petroleum,  Schiefer,  Steinkohlenteer,  Braunkohlenteer,  Holzdestillation 
und  tierische  und  pfanzliche  Oele  werden  sämtlich  in  Oelmotoren  verwendet, 
doch  sind  die  Petroleumöle  am  bedeutendsten.  Obgleich  die  Petroleum- 
produkte die  wichtigsten  Brennstoffe  sind,  so  werden  dort,  wo  Einfuhrzölle 
den  Gebrauch  des  Petroleums  beschränken,  Steinkohlenteerprodukte  ver- 
wendet. Schieferöle  wurden  vor  dem  Krieg  als  brauchbare  Brennstoffe 
angesehen. 

Das  wichtigste  Petroleumdestillat,  das  als  Dieselmotorenbrennstoff  Ver- 
wendung findet,  sind  die  Gasölfraktion,  und  Mischungen,  die  Gasöl  und  andere 
hochsiedende  Anteile  enthalten.  Die  schwereren  Rückstandsbrennöle 
werden  aus  kalifornischen,  mexikanischen  und  südamerikanischen  Rohölen 
gewonnen.  Oele  von  mehr  als  930  Dichte  werden  im  Handel  verhältnis- 
mässig selten  angetroffen.  Nebenprodukte  aus  Crackinganlagen  sind  kürzlich 
auf  dem  Brennölmarkt  erschienen,  aber  infolge  ihres  hohen  Entflammungs- 
punktes sind  sie  schwierig  zu  verbrennen.  Zur  Beurteilung  von  Petroleum- 
brennölen genügt  es  in  der  Mehrzahl  der  Fälle,  folgende  Eigenschaften  zu 
bestimmen: 

Spezifisches  Gewicht. 

Geschlossener  Flammpunkt. 

Kälteverhalten. 

Wärmewert. 

Aschengehalt  und  Angaben  über  die  Beschaffenheit  der  Asche  (Womög- 
lich sollte  ein  kleines  Aschenmuster  dem  Prüfungsbericht  beige- 
geben werden). 

Wassergehalt. 

Koksgehalt. 

Hartes  Asphalt. 

Da  Schieferöle  Produkte  der  zerstörenden  Destillation  sind,  sind  sie  ver- 
hältnismässig arm  an  asphaltischen  Bestandteilen.  Obgleich  sie  hoch  un- 
gesättigt sind,  so  sind  sie  doch  brauchbare  Brennöle  und  geben  nahezu  die 
gleichen  Resultate  wie  Petroleumdestillate.  Die  Zusammensetzung  der 
Rohkohlenteere  unterscheidet  sich  je  nach  der  Art  des  Teeres,  von  dem  sie 
stammen,  und  je  nach  der  Anlage,  in  der  sie  gewonnen  werden.  Durch 
Hochtemperaturdestillation  gewonnene  Teere  sind  reich  an  freiem  Kohlenstoff. 

Vertikalretorten-Teere  und  andere  Teere  mit  niedrigem  Gehalt  an  freiem 
Kohlenstoff  wurden  mit  Erfolg  in  Dieselmotoren  gebraucht.  Infolge  ihres 
hohen  Entflammungspunktes  sind  alle  Steinkohlenteerprodukte  schwer  zu 
entzünden  und  erfordern  besondere  Massnahmen.  Aus  der  wiederholten 
Destillation  von  Braunkohlenteeren  erhaltene  Oele  bieten  keine  Schwierig- 
keiten beim  Verbrennen;  ihre  weitere  Verbreitung  ist  eine  Frage  der  Wirt- 
schaftlichkeit. 

Tierische  und  pflanzliche  Oele  verhalten  sich  trotz  ihres  fundamental  ver- 
schiedenen chemischen  Aufbaues  ganz  ähnlich  wie  Petroleumprodukte. 
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Normen:  Die  hauptsächlichsten  Normen,  die  für  Dieselöle  in  Grossbritan- 
nien in  Gebrauch  sind,  sind  diejenigen,  die  von  der  "British  Engineering 
Standards  Association"  im  Jahre  1924  herausgegeben  wurden.  Es  wurden 
auch  verschiedene  Normen  für  Teeröl  aufgestellt,  doch  kommen  diese  jetzt 
nicht  mehr  in  Betracht,  da  Teeröl  bloss  noch  sehr  selten  als  Brennstofl  ver- 
wendet wird. 

Analyse:  Es  wird  die  Bedeutung  der  verschiedenen  analytischen  Prüfungen 
erklärt. 

Beim  Beurteilen  der  Oele,  die  in  Dieselmotoren  Verwendung  finden  sollen, 
muss  auch  die  Konstruktion  des  Motors  in  Betracht  gezogen  werden.  Grosse, 
langsam  laufende  Motoren  können  im  allgemeinen  asphaltische  Oele  besser 
verbrennen  als  kleine,  schnell  laufende  Motoren.  Für  Motoren  mit  veränder- 
licher Belastung  sind  Destillatöle  am  geeignetsten.  Der  Kompressionsgrad 
und  das  System  der  Brennstoffeinspritzung  ist  für  die  Verwendungsfähigkeit 
schwerer  Oele  ebenfalls  von  Einfiuss. 
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Experimental  investigations  on  Diesel  locomotive  work  have  been 
carried  out  in  Russia  since  1925  with  three  700  to  900  H.P.  Diesel 
locomotives.  These  are  equivalent  to  the  0-5-0  steam  locomotives 
employed  in  freight  train  service,  and  have  been  run  under  the 
same  conditions. 

The  first  Diesel  electric  locomotive  was  built  in  Russia  in  1924, 
after  the  design  of  Prof.  J.  M.  Hackel,  as  an  experimental  engine 
which  would  show  whether  the  internal  combustion  engine  was 
generally  applicable  to  locomotive  work.  The  second  locomotive, 
designed  by  Meineke  according  to  Prof.  Lomonossoff's  instructions, 
was  built  in  Germany;  while  the  third,  which  is  provided  with  a 
special  magnetic  clutch  and  a  transmission  gear  box  with  three 
speeds,  was  built  in  Germany  according  to  Shveter's  design. 

TABLE  I. 
CHARACTERISTICS  OF  DIESEL  LOCOMOTIVES  (L  2  and  3). 


Characteristic. 
General  data. 


112  3 

1-3-0-4-0-3-1  1-5-1  2-5-1 


Gross  weight,  tons 

182 

118-3 

131 

Weight  on  driving  wheels. 

tons 

162 

87-5 

88 

Tractive  effort,  Kg. 

12,000 

15,000 

17,500 

Speed,  Km./hour  ...          ...| 

16 

16 

14-5 

Power.  H.P.            ' 

700 

888 

940 

700. 
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TABLE  I   (continued). 


Characteristic. 

1 

2 

3 

General  data. 

1-3-0-4-0-3-1 

1-5-1 

2-5-1 

Weight  per  H.P.,  Kg. 

243 

133 

133 

Weight     on     driving    axle. 

tons 

16-2 

17-5 

17-6 

Dia.  of  the  driving  wheel. 

mm. 

1,050 

1,220 

1,320 

Rigid  wheelbase,  mm. 

4,500 

5,720 

5,720 

Distance    between    outside 

axles,  mm. 

19.360 

10,400 

11,945 

Distance  between  buffers. 

mm. 

22,760 

13.822 

16.696 

Fuel  stock,  tons     ... 

7 

6 

3-5 

Construction    speed.    Km./ 

hour 

50 

50 

48 

Prime  mover 

4-cycle,  Vickers 

4-cycle,  "MAN" 

4-cycle,  "MAN" 

No.  and  size  of  cylinders  ... 

10x368-381 

6  X  450  X  420 

6  X  450  x  420 

Power:  eff./max.    ... 

1,000 

700/1,200 

700/1.100 

Revolutions  per  min. 

395 

300/450 

300/400 

Injection  of  the  fuel 

mechanical 

air 

air 

Starting  of  the  prime  mover 

electric 

compressed  air 

compressed  air 

Weight  of  the  prime  mover. 

tons 

33 

25 

25 

Type  and  No.  of  generators 

2 

1  BBC 

— 

Voltage 

360—720 

600—1,000 

— 

Amperage    ... 

300/1,500 

1,200 

— 

Max.  hourly  output  kW    ... 

2  ■'  500 

800 

— 

Revolutions  per  min. 

395 

430 

— 

Connection  with  Diesel 

engine 

direct 

direct 

— 

No.  of  motors 

10 

5 

— 

Connection  with  the   main 

line 

parallel 

parallel 

— 

Gear  ratio  ... 

1  :  4-625 

1  :  614 

— 

Hourly  output  of  motors  ... 

- 

10  X  100  kW. 

5x  142  kW. 

The  design  of  the  first  Diesel  electric  locomotive  (Fig.  1)  was 
dependent  to  a  great  extent  upon  the  units  that  were  available,  e.g., 
a  Vickers  ten-cylinder  compressorless  engine  using  solar  oil,  two 
generators,  and  a  storage  battery  of  600  A.  and  110  V.  The 
last  was  added  to  allow  the  engine  to  be  started  by  converting 
the  generator  into  a  motor.  As  starting  takes  16  to  25  seconds, 
one  charge  of  the  accumulator  lasts,  theoretically,  for  200  times. 
Actually,  without  recharging,  the  Diesel  locomotive  is  only  pro- 
vided for  twelve  to  twenty  startings,  as  the  storage  battery  also 
supplies  current  to  the  lighting  system  and  auxiliary  motors  for 
starting  oil  and  water  circulation,  as  well  as  for  pumping  fuel  and 
brake  air.  A  greater  convenience  is  attained  by  the  use  of  two 
generators,  which  is  made  possible  by  running  one  with  no  load 
without  excitation,  whilst  the  other  is  used  as  a  motor  to  start  the 
Diesel  engine.     Again,   being  equipped  with   two  generators,   the 
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Diesel  locomotive  will  still  work  when  one  is  out  of  action.  Each 
gives  at  the  maximum  excitation  380  V.  and  1,500  A.  They  are 
arranged  in  parallel,  supplying  current  of  double  amperage  up  to 
3,000  A.  at  a  voltage  which  varies  from  30  V.  to  380  V.,  according 
to  the  excitation.  The  scheme  of  electric  control  comprises  a 
series-parallel  connection  of  the  generators  at  a  permanent  parallel 
connection  of  the  traction  motors.  The  latter  take  30  V.  on  starting, 
and  760  V.  at  maximum  speed. 

The  radiators  are  placed  on  the  deck  of  the  locomotive,  and  have 
700  m^  of  air-cooled  surface,  the  air  being  drawn  through  them  by 
means  of  four-bladed  propellers,  which  are  driven  through  vertical 
shafts  using  belt  and  gear  transmission  from  the  sheave-clutches 
of  the  Diesel  engine.  Owing  to  the  large  adhesion  weight  of  the 
Diesel  locomotive  (160  tons),  a  tractive  effort  up  to  32,000  Kg.  can 
be  developed.  However,  with  the  present  draw-bar  couplings  of 
the  train,  a  tractive  effort  of  22,500  Kg.  cannot  be  exceeded,  this 
resulting  in  limiting  the  excitation  on  the  first  steps  of  the  controller 
and  resistance  assembly. 

A  number  of  experiments  with  the  Diesel  locomotive  1,  both  in 
stationary  and  running  conditions,  has  led  to  the  solution  of  many 
problems  concerning  the  employment  of  Diesel  locomotives  in 
railway  service.  It  was  found  that  the  vibrations  of  the  multi- 
cylinder  compressorless  engine  have  a  negligible  influence  on  the 
stability  of  the  body  so  that  it  is  possible  to  dispense  with  the 
spring  system  of  the  body  as  applied  to  this  Diesel  locomotive. 
Again,  it  appears  to  be  more  convenient  in  some  cases  to  place  the 
traction  motors  over  the  underframe,  in  order  to  facilitate  their 
inspection  and  repair.  Finally,  it  was  found  desirable  to  use  a  free 
shaft  in  connection  with  coupling  rods,  thus  securing  a  decrease 
in  the  weight  of  the  locomotive. 

The  design  and  general  arrangement  of  the  Diesel  electric  loco- 
motive 2  (Fig.  2)  are  described  in  detail  in  the  current  technical 
literature. 

As  no  other  type  of  drive  has  been  designed  for  transmission  of 
motion  from  the  constant  speed  Diesel  shaft  to  the  variable  speed 
driving  wheels,  the  Diesel  electric  locomotive  of  proper  design  may 
be  regarded  as  superior  to  other  types  of  locomotives,  taking  into 
consideration  its  perfect  control,  its  flexibility  and  the  improved 
curve  of  tractive  effort  obtained  in  this  type  of  the  locomotive. 

Mechanical  transmission  (toothed  gearing)  was  tried  for  the  first 
time  in  the   Diesel  locomotive  3    (Fig.   3)   and  a  high  efficiency 
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of  transmission  was  secured.  At  the  end  of  the  shaft  of  the 
1,200  H.P.  six-cyhnder  Diesel  engine,  a  special  magnetic  clutch 
is  mounted,  the  rotation  being  transmitted  by  a  bevel  pinion  from 
the  clutch  shaft  to  the  first  of  three  shafts  of  the  toothed  gear. 
From  the  latter  the  motion  is  transmitted  by  means  of  a  loose  shaft 
to  the  connecting  rods  attached  to  the  pins  of  the  driving  wheels. 
The  main  clutch  is  designed  for  a  torque  of  1,900  Kg.m.  with  an 
8-minute  slip,  the  distance  between  the  rotor  and  the  electro- 
magnet being  2-5  mm.  when  no  current  is  passing.  This  distance 
is  1  -75  mm.  during  magnetisation.  Friction  between  the  cast-iron 
flange  of  the  magnet  and  a  special  "ring-disc"  of  the  rotor  causes 
the  engagement  of  the  clutch.  The  "ring-disc"  is  made  of  a  special 
asbestos  composition  applied  on  a  copper  wire  netting. 

Magnetic  clutches  mounted  on  the  transmission  shafts  serve  to 
throw  in  any  pair  of  spur  wheels.  Prior  to  the  engagement  of  one  of 
these  clutches,  the  main  clutch  should  be  disengaged,  this  bringing 
to  zero  the  tractive  effort  on  the  wheel  rims. 

Speeds  below  4-2  Km. /hour  must  be  secured  by  slipping  the 
main  clutch.  The  maximum  values  of  the  tangential  tractive 
effort  and  power  may  be  decreased  by  more  than  half  at  the  same 
gear  ratio  by  changing  the  fuel  injection  into  the  Diesel  cylinders, 
and  thus  making  the  tractive  effort  curve  smoother. 

The  change  speed  gear  box  of  the  Diesel  locomotive  3  with 
toothed  gearing  has  three  steps,  the  characteristics  of  which  are 
given  in  Table  II. 

TABLE  II. 


Ratio  of  gear      ...  ...  

Maximum  speed  at  400  r.p.m.  by 
the  prime  mover,  Km. /hour    ... 
Maximum  tractive  efïort,  Kg. 


48-52 
5,600 


The  tangential  tractive  effort  of  the  Diesel  locomotive  3  is 
illustrated  in  Fig.  4.  Its  characteristic  feature  is  an  unavoidable 
drop  in  the  values  of  the  tangential  effort  to  zero  as  well  as  in  the 
power  at  every  change  of  speed,  due  to  the  necessity  of  disengag- 
ing the  main  clutch.  The  influence  of  this  drop  is  counter-balanced 
by  a  skilful  control  of  the  prime-mover  speed. 

Prior  to  use  in  regular  freight  train  service,  Diesel  locomotives 
2  and  3  were  run  from  Moscow  to  Baku  and  back  in  order  to 
investigate  some  points  relating  to  the  operation  of  prime  movers 
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mechanically  connected  to  the  water  and  oil  pumps,  these  being  used 
in  addition  for  cooling  water  and  oil  when  stationary.  The  data 
relating  to  the  Moscow-Baku  trip  are  given  in  the  Table  III. 

TABLE  III. 


Average 

Fuel 

Technical 

Commercial 

weight 

Work 

consumption 

travelling 

travelling 

Distance 

of 

10,000 

per  10  000 

speed 

speed 

Km. 

the  train 
(tons). 

toa-Km. 

ton- Km. 
Kg. 

Km/hour 

Km. /hour 

Diesel  Loco- 

motives. . 

2 

3 

2 

3 

2 

3 

3 

2 

3 

2 

3 

Moscow-Baku   .  . 

2573 

2619 

887 

871 

228 

227-2 

43-8 

41-5 

29-0 

29-7 

16-8 

20 

Baku-Moscow   .  . 

2573 

2619 

1112 

1245 

289-1 

325-5 

3/"  S 

34  1 

2J-6 

27-4 

19-4 

17-9 

The  consumption  of  motor  and  compressor  oil  by  the  Diesel  loco- 
motives throughout  the  whole  trip  is  shown  in  Table  IV. 


TABLE  IV. 

Per  10,000  ton- Km. 

2 

3 

Motor  oil  gr. 
Compressed  oil  gr.  ... 

1199 
23-2 

337-7 
14-4 

The  unusually  high  consumption  by  the  Diesel  locomotive  2  is  to 
be  attributed  to  oil  suction  through  the  telescopic  water-cooling 
pipes  of  the  pistons.  The  oil  entering  into  the  water-cooling  system 
contaminates  the  water,  thus  hindering  proper  cooling  of  the  engine. 
In  Diesel  locomotive  3,  oil  is  used  instead  of  water  for  coohng 
the  pistons;  and,  being  circulated  in  a  closed  cycle,  no  loss  of  oil 
occurs,  while  the  water  used  for  cooling  the  cylinders  is  not 
contaminated. 

Freight  trains  which  are  hauled  by  steam  locomotives  on  the 
Moscow-Baku  trunk  line  have  an  average  speed  of  27-1  Km. 
per  hour,  the  average  weight  of  train  being  883  tons.  Compared 
with  this,  the  Diesel  locomotive  has  pulled  trains  15  per  cent,  greater 
in  weight,  at  a  speed  8  per  cent,  higher.  In  some  cases  the  trains 
pulled  by  the  Diesel  locomotives  were  36  per  cent,  heavier  compared 
with  the  trains  pulled  by  the  0-5-0  steam  locomotives.  The  ratio  of 
fuel  consumption  of  steam  locomotives  and  Diesel  locomotives  is 
4  for  the  No.  2  Diesel  locomotive  and  4-5  for  the  No.  3  Diesel  loco- 
motive; this  is  equal  to  a  potential  annual  saving  of  450,000  tons 
of  liquid  fuel. 
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The  period  of  operation  of  the  Diesel  engine  and  the  fuel  con- 
sumption while  travelling  in  a  round  trip  with  the  Moscow-Baku 
trains  are  given  in  Table  V. 

TABLE  V. 


Work  of 

Work  of  prime 

Fuel 

Total  work 

prime  movers 

movers  during 

consumption 

Diesel 

of  prime 

during  the 

stoppages  at 

during 

engine. 

movers 

run  on  rail- 

railway 

stoppages 

(hrs.). 

way  sections 
(hrs.). 

stations 
(hrs.). 

(Kg.). 

II 

204-1 

163-8 

36-3 

230 

III 

206-8 

164-4 

42-4 

300 

This  table  shows  that  17  to  20  per  cent,  of  the  total  work  of  Diesel 
engines  occurs  while  stopping  at  stations  for  cooling  water  and  oil. 
As  the  fuel  consumption  is  6-3  to  7  Kg.  for  each  hour  of  stopping, 
it  constitutes  1  -10  to  1-45  per  cent,  of  the  overall  fuel  consumption 
during  the  round  trip. 

Diesel  locomotive  3  is  designed  so  that  the  main  magnetic  clutch 
must  be  disengaged  before  any  change  of  speed  can  be  made. 
During  the  first  experimental  trips  with  trains,  several  breakages 
of  draw-bar  couplings  occurred  at  the  moment  when  the  change 
of  speed  was  effected.  These  breakages  never  happened  later  when 
trains  were  running  on  the  line,  but  sometimes  the  couplings  broke 
when  the  train  was  starting.  The  cause  was  not  a  defect  in  the 
transmission,  but  the  small  gear  ratio  of  the  first  step  (nearly  7), 
which,  therefore,  necessitated  the  slipping  of  the  main  clutch. 

No  sign  of  wear  could  be  found  on  inspection  of  the  toothed  gear 
transmission  of  Diesel  locomotive  3  after  its  trip  of  20,000  Km. 

Both  Diesel  locomotives  were  regularly  worked  during  1926-27, 
and  the  tests  were  completed  on  October  1st,  1927;  the  experi- 
mental time  was  twelve  months  for  locomotive  2  and  seven  months 
for  locomotive  3.  In  analysing  the  results  obtained  it  should  be 
borne  in  mind  that  the  locomotive  work  is  incomplete  both  in  its 
form  and  its  recording.  The  reasons  for  this  are,  firstly,  the  ex- 
perimental character  of  the  Diesel  locomotive  work,  and,  secondly, 
that  both  Diesel  locomotives  are  so  far  incomplete  operating  units. 
The  condition  of  the  Diesel  locomotives  is  such  that  there  are 
insufficient  data  as  to  the  cost  of  small  and  medium  repairs.  Thus, 
the  proportion  of  the  repair  cost  to  the  overall  operating  cost  is 
uncertain,  and  any  attempt  to  draw  a  final  conclusion  based  on 
the   comparison   of   the   Diesel   and    steam   locomotives   must   be 
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premature.  The  absence  of  data  on  the  cost  of  overhauHng  and 
repairing  of  Diesel  locomotives  necessitates  great  care  in  drawing 
conclusions  regarding  the  advantages  of  one  type  of  locomotive 
over  another. 

During  the  periods  under  consideration    the   Diesel  locomotives 
have  made  the  following  runs: — 

Diesel  loc.  2       . .     64,353  Km.  during  twelve  months. 

Diesel  loc.  3      . .     20,560     „ 

The  average  monthly  runs  and  the  work  performed  are  as  follows: — 


Work. 
5,436xl04ton-Km. 
I,799xl04ton-Km. 
3,728  XlOnon- Km. 


Monthly  run. 
Diesel  loc.  2       . .     5,363  Km. 
Diesel  loc.  3      . .     2,939     „ 
The  0-5-0  steam  loc.3,47 1     „ 

The  comparison  of  the  operating  costs  in  chervonny  roubles  for 
the  Diesel  and  steam  locomotives  is  given  in  Table  VI.,  excluding  the 
cost  of  occasional  repairs  due  to  faults  and  changes  in  the  design 
of  Diesel  locomotives. 

TABLE  VI. 


Steam  loc. 

Diesel  loc.  2. 

Diesel  loc.  3. 

Per  100 

Per  10* 

Per  100 

Per  10* 

Per  100 

Per  10« 

Km. 

ton-Km. 

Km. 

ton-Km. 

Km. 

ton-Km. 

Crew  wages 

29-70 

3-32 

34-50 

4-08 

37-50 

4-28 

Fuel              

46-65 

5-21 

18-40 

2-18 

17-30 

1-97 

Light            

008 

0-01 

0-25 

0-03 

0-13 

0-01 

Lubrication 

1-43 

0-16 

4-16 

0-49 

4-15 

0-47 

Cleaning 

2-32 

0-26 

0-78 

0-09 

1-21 

0-14 

Small  repairs 

8-51 

0-95 

12-23 

1-45 

10-53 

112 

Water  supply 

4-42 

0-49 

004 

001 

0-04 

0-01 

93- 11 

10-40 

70-36 

8-33 

70-91 

8-02 

It  will  be  seen  from  Table  VI.  that  the  crew  wages  per  10^  ton-Km. 
are  from  1  -2  to  1  -3  times  higher  for  Diesel  locomotives  in  comparison 
with  steam  locomotives.  This  ratio  will  decrease  in  the  course  of 
time,  as  the  number  of  men  trained  in  control  and  attendance  of 
Diesel  locomotives  increases.  The  fuel  cost  per  10*  ton-Km.  for 
Diesel  locomotives  is  from  0-38  to  0-41  of  that  for  steam  locomotives, 
but  lubrication  cost  is  2-9  to  3  times  higher  for  Diesel  locomotives. 
Lubrication  cost,  largely  for  the  Diesel  engines  and  compressors 
consuming  high-grade  lubricating  oils,  may  be  lowered  by  means  of 
(a)  improvements  in  crank-case  design,  {b)  changes  in  the  arrange- 
ment of  water  pumps  to  eliminate  any  oil  loss  from  the  bearings, 
and  (c)  changes  in  the  cooling  system  of  the  pistons,  filtration,  etc. 
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The  cost  of  water  supply  for  Diesel  locomotives  is  only  one-fiftieth 
of  that  for  steam  locomotives.  This  ratio,  being  a  characteristic 
feature  for  the  internal  combustion  locomotives,  may  appear  in 
some  cases  to  be  a  deciding  factor  when  a  suitable  type  of 
locomotive  is  to  be  chosen  for  use  on  a  railway  traversing  arid 
territories. 

The  figures  given  in  Table  \T.  are  sufficient  to  draw  a  general 
conclusion  concerning  the  advantages  of  the  Diesel  locomotives 
over  the  0-5-0  steam  locomotives  from  the  point  of  view  of  lowering 
the  operating  cost  per  10,000  ton-Km.  This  conclusion  can 
hardly  be  expressed  in  accurate  figures,  for  the  experimental  work 
with  Diesel  locomotives  has  been  conducted  during  a  limited  period 
of  time;  and,  again,  the  cost  of  repairs  of  any  kind  remains  indeter- 
minate and  is  not  included  in  the  recorded  cost  data.  The  cost  of 
repair  depends  on  organisation,  and  should  be  sub-divided  into 
three  classes  :  the  small,  medium,  and  overhauling  repair. 

The  small  repairs  comprise  a  periodical  inspection  of  the  com- 
ponents of  the  prime  movers  and  transmission,  with  the  replacement 
of  the  worn  and  damaged  parts.  The  small  repairs  themselves  are 
effected  only  within  the  running  parts  and  frames  of  the  Diesel  loco- 
motives, and  take  place  during  the  work  of  these  locomotives  with 
trains  as  well  as  between  runs.  The  reason  for  this  practice  is  that 
the  internal  combustion  locomotive  must  always  be  kept  in  good 
condition;  otherwise  it  quickly  becomes  unusable.  This  is  one  of  its 
characteristic  differences  as  compared  with  the  steam  locomotive. 

Medium  repairs  may  require  lifting  tackle.  After  an  overall  run 
of  50,000  to  60,000  Km.,  the  tyres  are  turned  and  the  driving  wheels 
replaced  by  spare  ones,  while  the  frame  is  given  a  more  thorough 
overhaul.  Medium  repairs  are  carried  out  once  a  year  and 
should  not  require  more  than  fifteen  days  if  properly  organised. 

Overhauling  repairs  may  be  effected  once  in  four  years  and 
take  up  to  sixty  days;  these  comprise  complicated  work  on 
all  units,  together  with  the  replacement  of  the  main  shaft  and 
repairs  to  the  frame. 

The  economical  advantages  of  one  type  of  locomotive  over  an- 
other depend  largely  on  interest  and  depreciation.  The  former 
depends  on  the  cost  of  the  Diesel  locomotive  and  that  of  financial 
credit,  while  depreciation  is  determined  by  the  life  of  the  Diesel 
locomotive.  The  latter  in  its  turn  depends  on  (a)  the  influence  of 
piston  speed  in  the  cylinder  of  the  internal  combustion  engine;  {b) 
the  scavenging  factor  of  the  two-cycle  engine;    (c)   a  continuous 
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influence  affecting  the  locomotive  frame,  particularly  with  im- 
properly balanced  engines,  and  {d)  the  transmission  system  from 
the  prime-mover  shaft  to  the  driving  wheels,  etc. 
Tentative  conclusions  which  may  be  drawn  now  on  the  basis  of 
results  obtained,  concerning  the  locomotive  work,  will  be  verified 
by  further  continuous  experiments  with  the  Diesel  locomotives, 
using  them  in  regular  train  service  and  in  switching  service.  The 
construction  of  new  types  of  Diesel  locomotives  equipped  with 
different  transmission  systems  to  the  driving  wheels,  the  develop- 
ment of  the  production  of  Diesel  engines,  and  the  designing  of 
special  types  of  internal  combustion  engines  adapted  to  locomotive 
work  will  serve  the  same  purpose. 
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ZUSAMMENFASSUNG 

Die  im  Aufsatz  erörterten  Ergebnisse  der  versuchsweisen  Beförderung  von 
Güterzügen  mit  zwei  Diesellokomotiven  auf  den  Eisenbahnen  der  U.S.S.R. 
führen  zu  folgenden  Schlüssen: 

(  1  )  Eine  Dieselelektrolokomotive  arbeitet  im  Eisenbahndienste  bei  gehöriger 
Aufsicht  und  sorgfältiger   Kontrolle  ihres   Zustandes  und  der  Qualität  des 
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Brennstoffs  und  der  Schmierung  vollständig  normal,  indem  sie  viermal 
weniger  Brennstoffs  verbraucht  als  eine  Dampflokomotive  von  derselben 
Leistung  und  bleibt  monatlich  länger  im  Dienst  als  letztere. 

(2)  Eine  Diesellokomotive  mit  mechanischer  Übersetzung  und  mit  Muffen- 
kupplung, wobei  bei  Umschaltung  eine  Verminderung  der  Traktionskraft  bis 
auf  Null  eintritt,  arbeitet  unter  den  gleichen  Bedingungen  auch  normal  und 
sogar  etwas  ökonomischer  im  Verbrauch  von  Brennstoffs,  eignet  sich  aber 
mehr  für  Schnellzüge  als  für  Güterzüge.  Das  sanfte  Anfahren  des  Zuges 
wird  durch  die  gesicherte  Gleitung  der  angewandten  Muffe  garantiert. 

(3)  Die  endgültigen  Schlüsse  über  den  ökonomischen  Vorteil  der  betrachteten 
Tjrpen  von  Diesellokomotiven  gegenüber  Dampflokomotiven  gleicher  Lei- 
stung, werden  erst  nach  einer  langfristigen  Arbeit  dieser  Lokomotiven  im 
;gewöhnlichen  Eisenbahndienst  gezogen  werden  können. 
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ZUSAMMENFASSUNG 

For  many  years  the  possibilities  of  using  ethyl  alcohol,  or  its 
solution  in  water,  spirit,  in  internal  combustion  engines  have  been 
studied.  As  early  as  in  the  latter  part  of  the  nineteenth  century 
experiments  were  made  in  many  European  countries  with  spirit- 
driven  motors;  more  recently  a  considerable  amount  of  research 
work  has  been  carried  out  in  Germany,  France,  England  and  Sweden, 
in  order  to  solve  the  problems  connected  with  the  use  of  this  fuel. 
The  author  had  the  opportunity  at  the  International  Air  Congress 
in  London,  in  1923,  of  submitting  a  summary  of  the  experiments 
that  had,  up  to  that  date,  been  made  in  this  field  at  the  Royal 
University  of  Technology  in  Stockholm.  These  experiments  were 
described  in  Official  Publication  No.  21  of  Ingeniörsvetenskapsaka- 
demiens  handlingar  (The  Swedish  Institute  of  Scientific  Industrial 
Research).  Since  then  further  research  work  has  been  carried  out; 
a  short  summary  of  this  is  given  below. 
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Primarily,  it  may  be  mentioned  that  the  extensive  industry  in 
Sweden  for  the  production  of  sulphite  pulp  has  made  the  problem 
of  special  importance  to  this  country.  When  the  wood  is  boiled 
in  order  to  separate  the  cellulose  fibres,  the  sugar  is  obtained  in  a 
dissolved  form  in  the  so-called  "lye."  This  sugar  can,  by  fermenta- 
tion, readily  be  converted  into  alcohol.  The  question  of  using  this 
alcohol  for  practical  purposes  thus  becomes  a  question  of  national 
economic  importance.  The  only  sufficiently  extensive  field  for  this 
purpose  is  that  involving  the  use  of  the  alcohol  or  spirit  in  petrol 
engines.  This  problem  gains  in  importance  in  view  of  the  fears 
that  are  sometimes  expressed  that  a  universal  shortage  of  gasoline 
may  arise  on  account  of  the  constantly  increasing  demand,  while 
the  known  oil  supplies  of  the  world  are  at  the  same  time  being 
subjected  to  a  greater  and  greater  drainage.  In  the  production  of 
sulphite  pulp  roughly  2  per  cent,  of  the  constituents  of  the  wood  is 
obtained  in  the  form  of  sugar.  There  is,  however,  the  possibility 
of  treating  the  wood  in  such  a  manner  that  most  of  its  constituents 
are  converted  into  sugar.  In  this  way  the  production  of  alcohol 
can  be  increased,  so  that  if  necessary  it  would  be  possible,  by 
using  only  a  small  percentage  of  the  country's  output  of  lumber, 
to  replace  the  entire  gasoline  consumption  with  this  fuel.  Under 
such  circumstances  it  is  natural  that  the  question  of  using  alcohol 
as  motor  fuel  has  received  a  great  deal  of  attention  in  Sweden. 

The  use  of  alcohol  as  a  motor  fuel  leads  to  an  entirely  different 
problem,  that  is,  the  problem  of  denaturing  the  spirit  in  order  to 
prevent  it  being  used  for  human  consumption.  Spirits  for  human 
consumption  are  rationed  in  Sweden  in  such  a  manner  that  only  a 
certain  limited  quantity  can  be  purchased  each  month  by  adults. 
Therefore,  as  there  is  always  a  certain  danger  that  spirits  intended 
for  motor  fuel  may  be  used  for  human  consumption,  it  is  of  great 
importance  that  the  motor  spirit  be  denatured  in  some  suitable 
manner.  Very  strict  demands  in  this  respect  have  been  made,  and 
it  has  been  stipulated  that  the  denaturing  medium  must  render  the 
spirit  quite  undrinkable.  For  this  reason  a  denaturing  medium 
such  as  methyl  alcohol,  which  is  used  in  many  other  countries,  was 
not  considered  sufficiently  satisfactory.  The  problem  of  a  suitable 
dénaturant  has,  therefore,  been  carefully  investigated  by  Mr.  N.  Hj. 
Johansson,  who  as  a  result  of  his  work,  has  proposed  the  use  of 
crotonaldehyde.  When  added  to  spirit,  even  in  very  small  quanti- 
ties, it  immediately  produces  such  a  pricking  sensation  in  the 
tongue  that  it  is  quite  impossible  to  swallow  it.  The  crotonaldehyde 
is  added  in  such  an  amount  that  the  fuel  contains  0-19  per  cent. 
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From  the  point  of  view  of  fuel,  however,  this  dénaturant  is  not  quite 
so  satisfactory.  Fortunately,  however,  the  effect  produced  is  so 
small  that  it  can  be  neglected.  The  satisfactory  solution  of  this 
problem  leaves  only  the  fuel  questions  to  be  considered. 

The  problems  connected  with  the  use  of  alcohol  as  a  fuel  vary  con- 
siderably in  character,  depending  on  whether  the  alcohol:  is  to 
constitute  only  a  small  part  of  the  fuel,  e.g.,  in  a  mixture  with  a 
large  percentage  of  gasoline,  or  whether  it  is  to  be  the  principal 
constituent.  This  distinction  is  due  to  the  different  physical 
properties  of  alcohol,  spirit,  and  gasoline  respectively.  In  the 
account  mentioned  above,  given  at  the  International  Air  Congress 
in  1923,  I  submitted  vaporisation  tables  for  alcohol,  and,  as  repre- 
senting gasoline,  for  hexane  and  heptane.  From  these  it  can  be  seen 
that  the  vapour  pressure  of  gasoline  is  far  higher  than  that  of  alcohol, 
and  that  both  the  liquid  heat  and  the  latent  heat  of  gasoline  are 
considerably  lower  than  those  of  alcohol.  Furthermore,  as  there 
is  a  greater  percentage  by  weight  of  alcohol  per  kilogram  of  air  in  a 
theoretical  combustion  mixture,  it  is  evident  that  the  partial  pres- 
sure in  such  a  mixture  must  be  higher  when  alcohol  is  used  as  fuel 
than  when  gasoline  is  used.  Consequently,  if  the  fuel  is  to  be 
present  in  the  form  of  vapour,  the  temperature  of  the  mixture  of 
fuel  and  air  must  be  higher  in  the  former  case  than  in  the  latter,  and 
the  amount  of  heat  required  for  vapourisation  must  necessarily  also 
be  considerably  greater. 

The  question  may  arise  how  an  engine,  fitted  with  a  curburetter 
<:onstructed  and  adjusted  for  use  with  gasoline,  will  operate  if  the 
fuel,  in  addition  to  gasoline,  also  contains  alcohol.  In  order  to 
investigate  this  point,  a  number  of  experiments  were  carried  out 
with  gasoline  alone  and  gasoline  mixed  with  varying  amounts  of 
alcohol.  For  each  mixture,  the  effect  and  the  consumption  of  fuel 
per  horse-power-hour  for  different  sizes  of  the  carburetter  jet  have 
been  registered  graphically.  As  the  calorific  value  of  alcohol  is 
considerably  lower  than  that  of  gasoline,  no  proper  comparison  can 
be  made  if  the  fuel  consumption  is  given  by  weight  or  by  volume 
for  different  mixtures  of  gasoline  and  alcohol.  To  obtain  a  correct 
comparison,  a  calculation  of  the  calorific  value  of  the  mixture  must 
be  made  and  the  consumption  stated  in  thermal  units  per  horse- 
power-hour. The  results  obtained  in  this  manner  are  shown  in 
Fig.  1 ,  in  which  the  metric  thermal  units  consumed  per  horse-power- 
hour  are  plotted  against  the  horse-power  developed,  a  method  of 
presentation  originally  used  by  Ricardo  which  has  proved  of 
great   practical    value.     Series   of    experiments    were    carried    out 
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with  undiluted  gasoline  and  with  gasoline  mixed  with  10,  15, 
20,  25  per  cent.,  etc.,  of  alcohol;  for  each  type  of  fuel,  tests  were 
made  with  different  sizes  of  carburetter  jets.  The  series  of  graphs 
obtained  in  this  manner  is  very  instructive.  It  shows  that,  with 
a  minimum  fuel  consumption,  the  results  of  the  experiments  with 
undiluted  gasoline  and  with  gasoline  containing  10,  15  and  20 
per  cent,  of  alcohol  very  nearly  coincide.  In  reality  the  heat 
consumption  decreases  slightly  within  the  above  limits,  as  the  per- 
centage of  alcohol  in  the  fuel  increases,  although  the  difference  is 
very  small.     If,  however,  the  percentage  of  alcohol  in  the  gasoline 
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be  increased  to  more  than  20  per  cent.,  there  will  be  a  considerable 
discrepancy,  the  minimum  heat  consumption  showing  an  appreciable 
rise  in  proportion  to  the  percentage  of  alcohol.  As  the  experiments 
were  carried  out  with  no  other  changes  in  the  engine  than  that 
different  carburetter  jets  were  used,  it  follows  that  in  the  case  of  a 
carburetter  adjusted  for  use  with  gasoline,  not  more  than  23  per  cent, 
of  alcohol  must  be  present  in  the  gasoline-alcohol  mixture  if  good 
results  are  to  be  obtained. 

Further,  in  studying  the  graphs  for  pure  gasoline  and  for  fuels 
containing  10,  15,  and  20  per  cent,  of  alcohol,  it  will  be  found  that 
the  results  become  more  and  more  favourable  as  the  percentage  of 
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alcohol  increases  until  it  reaches  a  little  over  20  per  cent.  If  the 
percentage  of  alcohol  in  the  fuel  be  still  further  increased,  for 
example,  to  25  per  cent.,  the  consumption  is  poor.  This  fact  can 
be  explained  by  assuming  that  in  a  carburetter  adjusted  for  gaso- 
line the  characteristic  properties  of  the  alcohol  do  not  exert  them- 
selves appreciably  until  the  proportion  of  the  alcohol  has  increased, 
as  in  the  experiment  described,  to  23  per  cent.  If  the  percentage 
of  alcohol  be  stiU  further  increased,  the  physical  properties  of  the 
alcohol  commence  to  exert  their  influence,  and  it  becomes  necessary 
to  readjust  the  carburetter.  It  may  be  mentioned  that  the  results 
given  above  do  not  refer  to  those  obtained  on  one  engine  only,  but 
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are  entirely  consistent  with  results  obtained  with  different  types 
of  motors,  showing  only  shght  variations  in  actual  quantities. 

A  more  illuminating  illustration  of  the  results  can  be  obtained  by 
inserting  a  plane  CD  at  right  angles  to  the  plane  of  the  diagram, 
in  such  a  manner  that  it  intersects  all  the  graphs  at  their  respective 
minimas,  and  by  drawing  a  new  graph.  Fig.  2,  in  which  the  effect  in 
horse-power,  as  well  as  the  consumption  of  fuel  in  thermal  units 
per  horse-power-hour,  is  plotted  against  the  percentages  of  alcohol 
in  the  fuel  mixtures.  The  new  graph  shows  clearly  how  the 
power  of  the  engine  increases  with  increase  in  the  proportion  of 
alcohol  up  to  20  per  cent.,  and  how  the  consumption  of  heat  per 
horse-power-hour  falls.  Above  20  per  cent,  the  opposite  holds 
good;  thus,  with  23  per  cent,  of  alcohol  in  the  mixture,  the  effect 
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and  consumption  of  heat  per  horse-power-hour  is  the  same  as 
for  undiluted  gasohne.  If  the  proportion  of  alcohol  is  further 
increased,  the  effect  becomes  smaller  and  the  consumption  of  heat 
per  horse-power-hour  greater  than  for  undiluted  gasoline. 

The  latter  comparison  is,  however,  not  very  practical.  A  motor 
owner  does  not,  for  obvious  reasons,  wish  to  make  such  a  com 
parison  with  regard  to  minimum  fuel  consumption,  but  to  uniform 
effect.  If,  therefore,  another  plane  A  B  be  inserted  in  Fig.  1,  at 
right  angles  to  the  plane  of  the  diagram  parallel  to  the  ordinate,  and 
curves  corresponding  to  those  in  Fig.  2  be  made,  the  curves  in 
Fig.  3  will  be  obtained.     The  effect  is  in  this  case  constant,  while  the 
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consumption  of  heat  once  more  decreases  as  the  percentage  of 
alcohol  is  increased,  reaching  a  minimum  when  the  fuel  mixture 
contains  20  per  cent,  of  alcohol.  At  23  per  cent,  the  consumption 
is  the  same  as  when  using  undiluted  gasoline,  but  it  becomes  greater 
as  the  proportion  of  alcohol  is  increased. 

If  a  similar  plane  be  inserted  in  Fig.  1  at  40  horse-power,  Fig.  4 
will  be  obtained,  which  shows  the  same  result  as  Fig.  3,  although 
far  more  pronounced.  The  percentage  of  alcohol  which  may  be 
used  is  somewhat  higher  in  this  case,  but  the  increase  in  heat  con- 
sumption per  horse-power-hour,  when  the  proportion  of  alcohol  in 
the  fuel  mixture  exceeds  this  figure,  is  very  great. 

Summarising,  it  has  been  shown  that  gasoline  can  be  mixed  with 
alcohol  in  such  proportions  that  the  mixture  contains  up  to  25  per 
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cent,  of  alcohol  without  this  proving  detrimental  to  its  use  as  fuel 
for  petrol  engines.  It  is,  therefore,  possible  to  use  such  a  mixture 
in  these  engines  without  taking  special  precautions,  and  to  obtain 
with  it  results  as  good  as  those  obtained  when  using  gasoline.  To 
verify  this  statement,  tests  have  been  made  in  automobile  engines 
of  different  makes  and  running  under  climatic  conditions  unfavour- 
able for  the  use  of  the  alcohol  mixture,  i.e.,  at  a  low  air  temperature. 
These  experiments  have  shown  that  the  engine  runs  as  well  on  such 
a  mixture  as  it  does  on  gasoline  alone,  and  that  the  driver  has  been 
unable  to  say  which  fuel  was  being  used. 


H-P- 


Metric    thermal    units 
per   HP  (per  hour 

5500 


Peace MTACE    br  *^'E.lCHT  or  alcohou 
Fig.  4 

The  precautions  necessary  when  the  fuel  contains  more  than  25 
per  cent,  of  alcohol  were  given  in  my  statement  at  the  International 
Air  Congress.  The  procedure  may  be  summarised  as  follows: 
The  intake  air  must  be  sufficiently  preheated  to  vapourise  the  fuel 
and  retain  it  in  a  gaseous  form.  When  the  fuel  consists  principally 
of  spirit — the  strength  of  ordinary  spirit  is  93  to  95  per  cent. — the 
temperature  necessary  is  100°  to  150X.  (220  to  272°F.).  Further- 
more, the  float  must  be  adjusted  to  compensate  for  the  greater 
specific  gravity  of  spirit  as  compared  with  that  of  gasoline.  Allow- 
ance must  also  be  made  for  advancing  the  ignition  and  finally,  the 
size  of  the  carburetter  jet  must  be  increased  in  inverse  proportion 
to  the  thermal  value  of  the  spirit-fuel  and  the  gasoline  per  unit 
volume. 
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When  mixing  alcohol  or  spirit  with  hydrocarbons,  difficulty  is 
sometimes  experienced  owing  to  incomplete  miscibility.  In  my 
statement  at  the  International  Air  Congress  I  described  the  neces- 
sary conditions  for  miscibility  in  the  system:  alcohol-water-benzoL 
In  general  the  system  alcohol-water-gasoline  behaves  in  exactly 
the  same  way,  but  quantitatively  considerable  differences  are  found. 
As  an  illustration  of  this,  the  graph  in  Monier-WiUiam's  work 
Alcohol  Motors  for  the  system  alcohol-water-hexane  may  be  men- 
tioned. The  problem  is  made  still  more  complicated  when  gasoline 
mixtures  are  used,   by  the   fact   that  gasoline  is  an  undefinable 
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Fig.  5 
mixture  of  hydrocarbons  consisting  of  paraffins,  naphthenes  and 
aromatic  hydrocarbons.  An  example  of  the  difference  between 
mixtures  of  spirit  with  benzene  and  with  gasoline  is  given  by  an 
investigation  performed  at  the  Aktieholaget  Ethyl,  the  result  of  which 
is  shown  in  Fig.  5.  If  we  stipulate  that  the  fuel  mixture  must  form 
a  clear  solution,  it  is  essential  that  we  know  the  position  indicating 
the  boundary  line  between  a  clear  solution  and  an  emulsion.  In 
the  case  of  mixtures  containing  93  to  95  per  cent,  of  spirit  in  such 
proportions  that  the  mixture  always  contains  50  per  cent,  spirit 
and  50  per  cent,  hydrocarbons,  the  boundary  line  for  different 
temperatures  can  be  ascertained,  provided  the  hydrocarbon  consists 
of  a  mixture  of  gasoline  and  benzene,  by  adjusting  the  proportions 
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of  these  two  hydrocarbons  in  the  mixture  until  at  each  temperature 
a  clear  solution  is  obtained.  The  investigation  indicates  that  with 
decreasing  temperature  the  proportion  of  benzene  must  be  increased, 
or,  in  other  words,  that  the  mixture  is  much  more  easily  affected  by 
the  mixture  of  hydrocarbons  than  by  benzene. 

If  the  fuel  is  composed  principally  of  gasoline,  for  example, 
containing  a  minimum  of  75  per  cent,  of  gasoline  and  a  maximum 
of  25  per  cent,  of  alcohol  or  spirit,  it  will  be  found  that  it  is 
■extremely  sensitive  to  the  water  content  of  the  spirit.  The  ordinary 
93  to  95  per  cent,  spirit  must  be  dehydrated  until  almost  absolute, 
certainly  until  it  contains  less  than  1  per  cent,  of  water. 

In  order  to  examine  the  ease  with  which  emulsions  are  formed,  a 
series  of  experiments  has  been  carried  out  by  Mr.  Gösta  Ekström, 
M. I.,  on  some  of  the  different  kinds  of  gasoline  in  the  Swedish 
market.  The  investigations  showed  that  there  are  two  different 
groups  of  gasoline.  One  will  allow  the  spirit  to  be  diluted  to  a 
strength  of  98-1  to  98-3  per  cent.,  while  the  other  will  only  allow 
dilution  to  98-6  to  98-75  per  cent,  at— 30X.  (— 22°F.).  In  order  to 
be  on  the  safe  side,  it  is,  therefore,  necessary  that  the  water  content 
of  the  mixture,  expressed  as  water  content  of  the  spirit,  never 
exceeds  1  per  cent.  This  represents,  approximately,  0-2  per  cent, 
of  water  in  the  gasoHne-alcohol  mixture.  If,  for  example,  the 
spirit  has  a  strength  of  99-7  per  cent,  the  gasoline  with  which  the 
mixture  is  to  be  made  must  contain  less  than  0-2  per  cent,  of 
water  in  order  to  prevent  separation.  Fig.  6  shows  another  rather 
surprising  result.  Commencing  with  the  lightest  gasoline,  the 
sensitivity  increases  with  the  specific  gravity  of  the  gasoline,  reach- 
ing a  maximum  at  a  specific  gravity  of  0-725.  With  a  further 
increase  the  sensitivity  decreases  rapidly  and  finally  reaches  a 
minimum  with  the  heaviest  gasoline.  It  is  too  soon  to  regard  this 
statement  as  general,  but  it  can  be  seen  that  the  properties  of  the 
mixtures  vary  with  the  type  of  gasoline  used,  that  is,  with  the  type 
the  hydrocarbons  contained  therein  and,  consequently,  with  the 
place  of  origin  of  the  gasoline. 

The  smaller  the  content  of  spirit  or  alcohol  is  in  the  mixture,  the 
greater  the  sensitivity  of  the  mixture  to  water.  Attempts  have  been 
made  for  a  number  of  years  in  France  to  employ  gasoline-alcohol 
mixtures  for  automobile  fuels,  but,  owing  to  the  sensitivity  of  these 
mixtures  to  traces  of  water,  no  attempts  have  been  made  to  use 
less  than  50  per  cent,  of  alcohol.  In  Sweden,  in  addition  to  the 
spirit  fuel  which  consists  principally  of  spirit  and  contains  a  maxi- 
mum of  15  to  25  per  cent,  of  gasoline,  a  fuel  mixture  suitable  for 
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use  in  gasoline  engines,  i.e.,  a  fuel  mixture  consisting  of  at  least 
75  per  cent,  of  gasoline  and  at  the  most  25  per  cent,  of  alcohol 
finds  a  ready  sale.  As  there  must  be  no  risk  of  the  mixture 
separating,  under  ordinary  circumstances  it  is  essential  that  the 
spirit  used  in  its  preparation  contains  only  a  very  small  quantity 
of  water.  By  the  distillation  of  ordinary  spirit  over  quicklime 
99-5    to    99-7     per    cent,     spirit     is    readily    and     economically 
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produced.  Mixtures  containing  75  per  cent,  of  gasoline  and 
25  per  cent,  of  this  spirit  have  been  used  extensively  for  a 
number  of  years,  and  are  distributed  to  the  public  in  the  same 
way  as  gasoline.  During  this  time  there  has  been  no  evidence  of 
emulsification  having  taken  place  through  absorbtion  of  water. 
Considerable  progress  has  therefore  been  made  and  alcohol-gasoline 
fuels  are  used  without  the  inconvenience  experienced  in  France. 
The  question  may  now  be  asked,  what  will  happen  if  the  mixture 
absorbs  so  much  water  that  it  becomes  turbid  and  separates  into 
two  layers?     In  order  to  investigate  this  point,  Mr.  Ekström  has 
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performed  a  number  of  valuable  experiments,  which,  although  in- 
dicating the  general  trend,  are  in  themselves  incomplete.  Additional 
work  is,  therefore,  necessary  before  a  clear  view  can  be  obtained. 
To  a  mixture  containing  80  per  cent,  by  volume  of  ordinary  gasoline 
and  20  per  cent,  by  volume  of  99-5  per  cent,  alcohol,  water  amounting 
to  0-76  per  cent,  of  the  mixture  was  added,  which  corresponded 
to  a  spirit  strength  of  95-9  per  cent,  assuming  that  the  latter  con- 
tained all  the  water  in  the  mixture.  Two  layers  were  formed,  and 
on  analysis  it  was  found  that  at  17-5X.  (63-5^F.)  the  lower  layer 
formed  7-3  per  cent,  of  the  total  mixture.  This  layer,  although 
consisting  principally  of  alcohol  and  water,  was  found  to  contain 
no  less  than  40-9  per  cent,  of  gasoline.  As  water  is  practically 
insoluble  in  gasoline,  the  alcohol  content  of  this  layer  must  have 
been  very  high;  the  upper  layer  contained  hardly  any  alcohol, 
practically  consisting  of  pure  gasoline.  Although  separation  into 
two  layers  should  not  imply  any  difficulty  in  the  running  of  the 
engine,  it  is  not  very  good.  The  risk  of  emulsification  is,  however, 
very  small,  and  as  an  emulsified  mixture  does  not  prevent  the 
engine  from  running,  it  is  evident  that  the  risk  of  inconvenience 
through  the  use  of  such  mixtures  is  practically  non-existent. 

In  this  connection  mention  must  be  made  of  the  fact  that  until 
recently  little  attention  has  been  paid  to  the  fact  that  spirit  is 
hygroscopic  and  air  is  never  dry.  This  side  of  the  problem  has  been 
treated  in  detail  in  my  publication  No.  67  of  Ingen jörsvetenskaps- 
akademiens  handlingar  (the  Swedish  Institute  of  Scientific  Industrial 
Research).  A  short  resume  of  this  is,  however,  given  below.  If 
spirit  onh'  is  to  be  used  as  motor  fuel,  it  should  contain  93  per  cent, 
of  alcohol.  The  composition  of  the  vapour  of  spirits  of  different 
strengths  is  shown  in  Fig.  6.  This  curve  shows  that  for  spirits 
containing  up  to  96  per  cent,  of  alcohol  the  vapour  contains  a 
greater  proportion  of  alcohol  than  the  solution  from  which  it  is 
derived.  If  now  we  imagine  a  drop  of  93  per  cent,  spirit  evaporating, 
more  alcohol  than  water  will  evaporate  and  the  remainder  of  the 
drop  will  contain  a  greater  percentage  of  water  than  before.  Con- 
sequently, if  all  the  fuel  does  evaporate  and  a  part  remains  in  the 
liquid  form,  this  may  escape  combustion  ;  this  part  will,  however, 
contain  proportionally  more  water  and  less  alcohol  than  the  original 
fuel.  The  loss  of  fuel  will  therefore  not  be  so  great  as  it  would  be  if 
alcohol  and  water  evaporated  in  the  same  proportions.  Treating 
this  problem  numerically,  it  will  be  found  that  this  is  less  important 
than  it  at  first  seems.  Fig.  7  shows  a  curve,  showing  the  changes 
in  weight   and  in  composition  of  a  93  per  cent,    spirit    when  it 
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evaporates.  It  indicates  that  when  70  per  cent,  has  evaporated 
the  remaining  30  per  cent,  contains  92-5  per  cent,  of  alcohol;  when 
90  per  cent,  has  evaporated  the  residual  10  per  cent,  contains  92  per 
cent,  of  alcohol,  and  that  when  95  per  cent,  has  evaporated  the 
remainder  contains  91-5  per  cent.  The  loss  of  alcohol  will  thus 
be  almost  proportional  to  the  amount  of  vapourised  liquid  when 
95  per  cent,  of  the  liquid  has  evaporated.     If,  therefore,  a  loss  of 
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fuel  is  to  be  avoided,  it  is  important  that  all  the  spirit  should  evapo- 
rate. 

Another  factor  which  must  also  be  taken  into  account  when 
considering  the  mechanism  of  the  vapourisation  of  the  spirit  is  the 
relative  humidity  of  the  air.  When  the  spirit  evaporates,  the 
temperature  of  the  air  falls.  If  the  relative  humidity  is  high 
water  vapour  condenses,  and  the  heat  made  available  by  this 
condensation  is  used  to  evaporate  more  of  the  spirit.  When  the 
total  heat  of  the  alcohol  is  approximately  half  that  of  the  water 
vapour,  and  for  each  unit  of  the  spirit  which  vapourises  half  a 
imit  of  water  condenses,  there  is  a  risk  that  loss  of  fuel  may 
occur  through  dilution  of  the  original  spirit.  The  result  of  this 
is  to   decrease    the    concentration    of   the    spirit    by   evaporation 
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and  dilution,  so  that  actually  the  loss  in  weight  is  only  half 
of  what  it  would  have  been  if  no  condensation  had  taken  place. 
The  effect  of  the  distribution  of  the  remaining  alcohol  in  an 
increased  quantity  of  liquid  is  to  limit  evaporation;  the  loss  of 
alcohol  in  the  residue  wiD,  however,  be  greater.  An  equilibrium 
wiD  soon  be  reached  between  the  vapour  over  the  liquid  and  the 
liquid  itself,  and  then  the  vapourisation,  as  well  as  the 
condensation  of  the  moisture  in  the  air,  will  cease  and  the  fuel 
which  has  not  already  evaporated  will  remain  in  the  liquid 
form.  Not  until  additional  heat  is  supplied  will  any  more  of  the 
Hquid  vaporise,  and  then  both  alcohol  and  water  will  evaporate 
until  a  new  equilibrium,  corresponding  to  the  new  temperature,  is 
reached.  Sufficient  heat  must,  therefore,  be  supplied  if  a  loss  of 
fuel  is  to  be  avoided,  not  only  to  retain  the  moisture  of  the  air  in 
the  form  of  vapour,  but  also  to  vapourise  all  the  spirit.  Now  the 
curve  given  in  Fig.  6  is  for  a  certain  fixed  temperature  only,  and 
this  temperature  is  higher  than  that  at  which  vapourisation  com- 
mences in  a  carburetter.  Little  is  known  of  the  appearance  of 
this  curve  at  other  temperatures.  There  is,  however,  reason  to 
assume  that  the  deviations  for  different  temperatures  are  slight, 
and  that  the  curve  representing  the  composition  of  the  vapour 
approaches  the  diagonal  in  the  figure,  i.e.,  that  the  proportion  of 
alcohol  to  water  in  the  vapour  becomes  equal  when  the  tempera- 
ture is  lowered.  The  condensation  of  water  vapour  will  be  pro- 
portional to  the  fall  in  temperature,  so  that  the  residual  liquid  will 
tend  to  contain  more  water  than  it  would  if  no  fall  in  temperature 
occurred.  Until  all  the  water  has  been  converted  into  vapour, 
there  will  always  be  some  alcohol  remaining  in  the  unevaporated 
liquid.  In  this  case  also  it  is  essential  that  no  condensation  of 
moisture  takes  place. 
Another  alternative  occurs  when  the  fuel  is  composed  of  a  mixture 
containing  20  parts  of  benzene  to  100  parts  of  spirit  of  approxi- 
mately 95  per  cent,  strength,  i.e.,  alcohol-water-benzene.  This 
ternary  system  complicates  matters  considerably.  According  to 
J.  Young's  investigations,  if  only  evaporation  takes  place,  benzene 
and  spirit  with  a  high  content  of  water  will  vapourise,  with  the 
result  that  the  proportion  of  alcohol  and  benzene  in  the  remaining 
liquid  will  be  increased.  When  all  the  water  has  evaporated, 
benzene  and  alcohol  will  continue  to  evaporate  until  only  alcohol 
remains.  It  therefore  foUows  that  if  any  liquid  remains  unvapourised 
there  will  thus  be  a  loss  of  fuel.  Should  moisture  condense,  an 
equilibrium  will  be  reached  corresponding  to  the  composition  of  the 
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vapour  and  of  the  liquid,  causing  a  loss  of  alcohol  and,  possibly,  also 
of  benzene.    It  is,  therefore,  essential  in  this  case  also  that  none  of 
the  humidity  of  the  air  condenses. 
A  third  system  of  considerable  importance  is  that  of  a  motor  fuel 
consisting  of  25  per  cent,  of  alcohol  and  75  per  cent,  of  gasoline. 
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Fig.  8  shows  the  composition  of  the  vapour  over  a  mixture  of 
gasoline  and  alcohol  at  atmospheric  pressure,  according  to  a  table 
given  by  Hausbrand.  From  this  it  can  be  seen  that  the  vapour 
contains  more  alcohol  than  the  liquid,  so  that  the  remaining  liquid 
contains  a  greater  proportion  of  gasoHne.  As  both  alcohol  and 
gasoline  are  fuels,  to  avoid  loss  complete  evaporation  must  take 
place.  Should,  however,  water  condense,  the  binary  alcohol-gasoline 
mixture  will  be  converted  into  a  ternary  mixture  of  alcohol- 
water-gasohne,  and  diluted  spirit  mixed  with  gasoHne  is  left.  A 
possible  result  of  this  is  that  the  vaporisation  of  the  gasoline  will 
be  increased  and  that  of  the  alcohol  decreased.  The  loss  of  fuel  will 
thus  consist  chiefly  of  gasoline.  Once  again  it  becomes  essential 
that  none  of  the  himiidity  of  the  air  condenses.     Another  possibility 
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which  must  be  considered  is  that  a  ternary  mixture  may  evaporate 
until  only  gasohne  remains  as  liquid.  If  the  assumption  is  made 
that  water  condenses,  it  implies  that  alcohol  does  so  also  and  that 
an  equilibrium  will  soon  be  reached;  this  is  not  possible.  It,  there- 
fore, follows  in  both  of  these  cases  if  a  loss  of  fuel  is  to  be  avoided 
aU  of  it  must  be  converted  into  vapour.  The  same  reasoning 
applies  to  other  mixtures  which  must  aU  vary  in  a  more  or  less 
similar  manner.  As  a  general  rule  it  can  be  stated  that  if  a  fuel 
contains  a  constituent  capable  of  dissolving  water,  to  avoid  loss  it 
must  be  completely  vapourised  and  that  condensation  of  atmospheric 
moisture  results  in  increased  fuel  consumption. 

If  we  now  pass  on  to  consider  a  system  containing  no  water-soluble 
liquid,  for  example,  gasoline  or  benzene,  it  still  foUows  that  to 
prevent  loss  all  the  fuel  must  be  completely  vapourised  because,  if 
drops  of  hquid  are  allowed  to  enter  the  cylinder,  they  may  pass 
through  unburnt  or  only  partly  oxidised  or  may  even  adhere  to 
the  walls  of  the  cyhnder.  Although  these  waUs  have  a  high  surface 
temperature  and  the  drops  vapourise  immediately,  loss  occurs 
through  solution  of  the  fuel  in  the  lubricating  oil  adhering  to  the 
cyhnder  walls.  An  equihbrium  between  the  vapour  and  the  oil 
is  soon  reached,  but  the  fuel  dissolved  in  the  oil  is  carried  away  and 
lost.  The  loss  of  fuel  due  to  this  cause  is  generally  small,  but  the 
lubricating  value  of  the  oil  is  much  reduced  ;  this,  the  problem  of 
crankcase  dilution,  has  attracted  considerable  attention  during  recent 
years,  and  much  study  has  been  devoted  to  it,  especially  in  America. 
The  question  now  arises,  if  moisture  does  condense  during  the 
evaporation  of  the  fuel,  what  will  be  the  effect?  It  cannot  retain 
any  of  the  fuel  as  it  is  insoluble  in  water.  Some  of  the  drops  of  water 
formed  will  adhere  to  the  cylinder  walls,  but  as  water  is  insoluble 
in  lubricating  oil  it  cannot  be  retained  and  will  probably  be  entirely 
boiled  off.  Other  drops  will  float  in  the  fuel-air  mixture  and  will 
perhaps  evaporate  once  more  during  the  compression  and  exhaust 
stroke.  Theoretically,  this  water  should  exercise  a  certain  influence 
on  the  power  and  efficiency  of  the  engine,  but  actually  the  effect  is 
small  and  may  be  neglected.  In  any  case  it  is  impossible  to  avoid 
moisture  in  the  cylinder,  air  never  being  quite  dry.  There  is  also 
the  possibility  that  if  the  fuel  is  not  miscible  with  water,  the  con- 
densation heat  of  the  atmospheric  moisture  may  be  utilised  for  the 
vapourisation  of  the  fuel.  This,  in  reality,  very  often  happens, 
although  little  mention  is  even  made  of  it. 

In  order  to  compare  further  the  conditions  which  obtain  when 
using  a  fuel  containing  a  water-soluble  constituent,  and  a  fuel 
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without  such  a  constituent,  calculations  can  be  made  of  the  amount 
of  heat  required  to  convert  the  fuel  into  vapour,  the  temperature 
to  which  the  air  for  combustion  must  be  heated  in  order  to  supply 
the  necessary  heat,  and  the  final  temperature  of  the  fuel-air  mixture 
in  order  that  all  the  fuel  and  the  atmospheric  moisture  remains 
in  the  form  of  vapour.  These  calculations  have  been  made  for 
intake  air  temperatures  ranging  from  —20°  to  +20°C.,  and  for 
relative  humidities  of  the  air  ranging  from  0  to  100  per  cent.  As 
an  example  of  a  fuel  containing  a  water-soluble  constituent,  a 
mixture  containing  20  litres  of  benzene  per  100  litres  of  95  per  cent, 
spirit  has  been  used,  and  as  an  example  of  a  fuel  without  this 
constituent  heptane  has  been  selected.  To  calculate  the  amount  of 
heat,  the  condition  most  commonly  occurring  in  practice  is  assumed, 
i.e.,  that  the  fuel  is  contained  in  an  automobile  tank,  located  so 
that  it  is  surrounded  by  the  outside  air;  it  has,  therefore,  the  same 
temperature  as  the  surrounding  air.  Further,  a  fuel-air  mixture 
with  a  15  per  cent,  surplus  of  air  is  assumed. 

The  calculations  for  a  fuel  containing  a  water-soluble  constituent 
are  given  in  Figs.  9  and  10.  From  these  it  will  be  seen  that  the 
final  temperature  required  by  the  mixture  is  determined  to  a  large 
extent  by  the  humidity  of  the  air.  The  required  temperature  is 
always  higher  for  moist  than  for  dry  air.  On  account  of  the  increase 
in  the  amount  of  water  per  kilogram  of  dry  air  with  increase  of 
temperature  at  the  same  relative  humidity,  the  temperature  required 
to  vapourise  the  mixture  will  also  increase  with  rise  in  temperature 
of  the  surrounding  air,  if  the  latter  is  not  dry.  Consequently,  with 
increased  humidity  the  amount  of  heat  necessary  to  heat  the  air 
must  also  be  increased.  With  dry  air,  on  the  other  hand,  the 
amount  of  heat  necessary  will  increase  with  a  decrease  in  tempera- 
ture of  the  air;  this  will  also  hold  good,  within  certain  limits,  if  the 
relative  humidity  is  the  same.  This  can  be  more  clearly  understood 
from  the  figures.  The  result  is  that  the  required  pre-heating  tem- 
perature is  lower  the  higher  the  temperature  of  the  air,  and  that  it 
increases  with  the  relative  humidity;  it  is,  however,  principally 
dependent  on  the  absolute  content  of  water  per  kilogram  of  dry  air. 
The  required  pre-heating  temperature  increases  rapidly  with 
increasing  temperature  of  the  surrounding  air,  because  warmer  air 
always  contains  a  greater  absolute  proportion  of  water  when  the 
relative  humidity  is  the  same. 

In  all  the  possibilities  so  far  considered,  the  water  content  of  the 
fuel  has,  owing  to  the  low-vapour  tension  of  water  vapour,  been  the 
deciding  factor  in  determining  the  lowest  temperature  that   the 
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mixture  may  have  for  all  the  fuel,  and  the  humidity,  to  be  in  the 
form  of  vapour.     If  in  a  fuel  containing  a  water-soluble  constituent 
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and,  therefore  eventually  also  water,  it  is  not  the  water  but  some 
other  constituent  of  the  fuel,  such  as  alcohol  or  benzene,  which  decides 
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the  temperature  of  the  fuel-air  mixture,  then  both  the  temperature 
and  the  amount  of  heat  required  will  be  independent  of  the  humidity 
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of  the  air.     This  seldom  occurs  in  practice,  but  the  explanation  is 
interesting.        If  we  assume  the  air  to  have  a  certain  definite 
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temperature,  but  the  humidity  to  vary  from  zero  upwards,  a  certain 
amount  of  heat  is  necessary  in  order  to  vapourise  the  water,  alcohol 
and  benzene,  and  to  heat  the  mixture  to  the  necessary  temperature. 
If  the  air  is  dry,  no  extra  heat  will  be  necessary,  but  if  on  the  con- 
trary the  air  is  humid,  there  will  be  in  addition  a  certain  amount  of 
water  per  kilogram  of  air  that  is  already  in  the  form  of  vapour, 
which  also  must  be  heated  to  the  temperature  of  the  final  mixture. 
The  amount  of  water  vapour,  in  an  extreme  instance,  will  constitute 
about  2  per  cent,  of  the  weight  of  the  mixture,  and  as  the  specific 
heat  of  water  vapour  is  approximately  double  that  of  air,  there 
will  be  an  increase  of  about  4  per  cent,  in  the  heat  required  to  raise 
the  temperature  of  the  air.  As  this  constitutes  about  25  per  cent, 
of  the  total  amount  of  heat  required,  the  latter  will  be  increased  by 
about  1-25  per  cent.,  and  the  necessary  increase  in  the  pre-heating 
temperature  will  be  the  same  percentage  of  the  increase  in  tem- 
perature necessary  to  vaporise  the  fuel  in  dry  air.  For  different 
temperatures  of  the  intake  air  the  unbroken  lines  in  Fig.  1 1 ,  represent- 
ing the  necessary  mixing  and  pre-heating  temperatures,  are  obtained. 

If,  owing  to  the  amount  of  moisture  in  the  air,  the  water  vapour 
— and  in  the  present  instance  this  will  often  be  the  case — is 
the  deciding  factor  with  regard  to  the  mixing  temperature,  the 
curve,  represented  by  dotted  lines  in  Fig.  1 1 ,  indicating  both  the 
temperature  of  the  mixture  and  the  required  pre-heating  tempera- 
ture will  become  dependent  on  the  existing  humidity  of  the  air. 
It  can  be  seen  that  it  has  the  same  form  as  the  lines  in  Fig.  10. 

The  conditions  will  be  entirely  different  if  the  fuel  does  not  contain 
a  water-soluble  constituent.  Sufficient  heat  must  still  be  supplied 
to  the  carburetter  to  vapourise  all  the  fuel  and  to  keep  it  in  the  form 
of  vapour.  As  before,  both  the  amount  of  heat  required  and  the 
temperature  are  dependent  on  the  humidity  of  the  air,  but  in  quite 
a  different  manner. 

If,  to  begin  with,  we  assume  the  air  to  be  dry,  it  must  be  heated 
to  a  definite  temperature  before  it  enters  the  carburetter  in  order 
that  it  shaU  contain  the  necessary  heat  to  vapourise  the  fuel.  Now 
if,  however,  this  air  had  been  humid,  the  same  amount  of  pre- 
heating would  not  have  been  necessary,  because  then  some  of  the 
moisture  would  have  condensed,  i.e.,  so  much  moisture  would 
condense  that  the  air,  at  the  temperature  of  the  mixture,  would  be 
saturated  with  fuel-vapour.  Heat  would  have  been  liberated  in. 
the  process  of  condensation  and  would  have  been  used  to  vapourise 
the  fuel.  The  transfer  of  heat  from  condensing  water  to  vapourising 
fuel  is  probably  very  rapid,  drops  of  fuel  probably  serving  as 
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condensing  centres,  with  the  result  that  the  heat  of  condensation 
is  liberated  on  the  drops  of  fuel  that  are  to  be  converted  into 

2,00 


180 
160 

140 
l2o 
100 
80 

4-0 
20 


-20  ''C 


:2: 


•20°d 


x^ 


O. 


Ù 


-Z- 


.^; 


<^ 


s^ 


-oa 


ifolf" 


.^s^ 


93^ 


jND 


ihlO 


Tt! 


PRÊ-HEATIKC 
TEMPBRATLLRÊ 


fi*.?^*^ 


tOi^ 


-^CC 


R.aöUNCiNc  rrMPea^Ttiiu 


Tern  Ji»rAtu.re 
of  Mixture 


Ô 


25 


50  75  100^ 


RELATIVE  HUMIDITY 

Fig.  11 

vapour.     As  the  fuel  is  insoluble  in  water,  the  condensation  of 
water  does  not  cause  loss  of  fuel. 
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A  study  of  the  vapour  tensions  of  heptane  and  water  shows  that 
the  differences  between  them  at  different  temperatures  is  consider- 
able. This  point  is,  however,  of  little  importance  and  need  not 
be  considered. 

The  entirely  changed  character  of  the  lines  is  of  much  greater 
importance.  The  calculated  figures  have  been  plotted  in  Figs.  12 
and  13.  From  these  it  can  be  seen  that  the  lowest  temperature 
that  the  mixture  may  reach  for  all  the  heptane  to  be  present  in 
the  form  of  vapour  in  the  fuel-air  mixture  is  0-1 5°C.  In  Fig.  12 
the  results  have  been  plotted  against  the  relative  humidities  of  the 
air.  When  the  air  is  dry,  the  intake  air  must  be  pre-heated.  As 
long  as  the  saturation  temperature  of  the  water  vapour  in  the  air  is 
below  the  lowest  temperature  which  the  mixture  may  have,  0-15°C., 
this  pre-heating  temperature  will  remain  unchanged.  When  the 
degree  of  humidity  which  corresponds  to  saturation  at  this  tempera- 
ture has  been  passed,  the  pre-heating  temperature  necessary  will  be 
lower,  because  a  part  of  the  humidity  will  condense  and  this  will 
help  to  vapourise  the  heptane.  This  evaporation  will  continue  until 
the  humidity  of  the  air  is  such  that  the  pre-heating  temperature 
has  fallen  to  the  temperature  of  the  intake  air,  below  which  tem- 
perature pre-heating  is  unnecessary.  If  the  humidity  of  the  air 
increases  further,  the  temperature  will  remain  unchanged  and  equal 
to  that  of  the  intake  air,  although  increasing  quantities  of  water 
vapour  will  condense  and  the  temperature  of  the  final  mixture 
will  be  higher  than  the  saturation  temperature  for  heptane.  The 
heptane  will  thus  be  present  in  a  superheated  form,  and  the  mixture 
will  be  saturated  with  moisture.  As  a  result,  the  temperature  of 
the  final  mixture  will  be  unnecessarily  high. 

If  the  results  are  compared  with  the  primär}^  temperature  of  the 
air.  Fig.  13,  commencing  with  cold  air  and  assuming  that  the 
temperature  of  the  intake  air  rises,  the  same  pre-heating  line  (within 
limits  of  approximately  1  per  cent.)  will  be  obtained,  irrespective 
of  the  humidity.  At  a  certain  point,  depending  on  the  relative 
humidity,  the  saturation  tension  of  the  water  vapour  will  be  equal 
to,  and  thereafter  greater  than,  the  lowest  permissible  temperature 
for  the  fuel  mixture.  Above  this  point  water  may  condense,  and 
we  shaU  find  that  the  pre-heating  temperature  decreases  rapidly 
and  continues  to  do  so  until  the  latter  reaches  the  temperature  of 
the  outside  air.  Below  this  it  is  impossible  for  the  primary  stage 
to  commence  and,  therefore,  with  further  rise  in  temperature  of  the 
intake  air,  the  temperature  of  the  final  mixture  rises  above  the 
lowest  permissible  temperature. 
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As  an  example  of  a  fuel  for  carburetter  engines  incapable  of 
dissolving  water,  heptane  has  been  selected,  the  saturation  tem- 
perature of  which  in  the  air  mixture  mentioned  is  0-1 5°C.  The 
ordinary  fuel  is,  however,  gasoline,  a  mixture  of  different  volatile 
hydrocarbons,  often  chiefly  hexane  and  heptane.  Its  saturation 
temperature  is,  therefore,  about  — 10°C.  If,  instead  of  heptane 
we  had  chosen  hexane,  the  saturation  temperature  would  have  been 
about  — 20°C.  It  would  then  have  been  possible  to  make  use,  not 
only  of  the  condensation  heat  of  the  water  vapour,  but  also  of  its 
heat  of  fusion,  to  aid  in  vapourising  the  fuel.  It  is  a  fact  that  such 
low  temperatures  do  actually  occur  in  a  carburetter.  The  pipe 
from  the  carburetter  through  which  the  mixture  of  fuel  and  air 
passes  is  often  so  cold  that  it  is  covered  not  only  with  condensed 
water  from  the  air  but  sometimes  even  with  frost.  It  is  unhkely 
that  the  formation  of  ice  or  snow  in  the  cylinder  of  an  internal 
combustion  engine  offers  any  particular  disadvantages.  On  the 
contrary,  the  lower  the  temperature  of  the  mixture  the  greater  will 
be  the  volumetric  efficiency  and  probably  the  compression,  which 
also  increases  the  power  and  efficiency  of  the  engine. 

It  has  been  mentioned  above  that  the  drops  of  fuel  probably  act 
as  condensation  centres  for  moisture.  If  this  condensed  moisture 
is  converted  into  ice,  it  is  possible  that  the  drop  of  fuel  will  be  sur- 
rounded by  a  covering  of  ice.  Inside  this  coating  vapourisation 
will  continue  until  the  vapour  pressure  of  the  fuel  at  the  temperature 
of  the  ice  is  reached.  The  increase  in  vapour  tension  cannot  be 
more  than  a  few  millimetres  of  mercury.  It  is,  therefore,  unhkely 
that  the  pressure  would  be  able  to  burst  the  ice-covering,  as  this 
is  subject  to  the  partial  pressures  of  the  air,  of  the  fuel,  which  has 
already  evaporated,  and  of  the  uncondensed  moisture  on  the  outside. 
Thus,  although  the  fuel  may  be  in  the  form  of  vapour,  it  is  remotely 
possible  that  some  may  pass  through  the  engine  unburnt.  It  is 
more  probable,  however,  that  the  ice-covering  would  melt  inside 
the  cyhnder  during  compression,  and  that  any  hquid  remaining 
would  have  time  to  evaporate  before  the  actual  combustion  took 
place.  The  formation  of  ice  crystals  in  a  skeleton  would  be  more 
Hkely  than  the  formation  of  an  ice  coating  around  the  drop;  this 
covering  not  being  vapour- tight  would  exert  httle  effect.  The 
formation  of  ice  should,  therefore,  produce  no  increase  in  fuel  con- 
sumption. 

Should  the  formation  of  ice  be  very  considerable,  there  is  a  possi- 
bility that  at  points  where  there  are  turns,  or  the  current  of  gas 
changes  its  direction  between  the  carburetter  and  the  inlet  valve, 
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"drifts"  may  be  formed,  resulting  in  the  passage  of  the  fuel-air 
mixture  being  hindered.  In  addition  to  this,  if  the  temperature 
of  the  carburetter  falls  below  freezing  point,  small  particles  of 
water  carried  along  by  the  gasoline  may  freeze  and  obstruct 
the  flow  of  fuel  through  the  jet.  This  phenomenon  has  often  been 
observed.  At  the  present  time,  engine  designers  are  more  experi- 
enced and  equip  the  engines  with  pre-heating  devices  which  avoid 
any  risk  of  the  formation  of  ice. 
As  a  result  of  the  proper  understanding  of  the  conditions  which 
obtain  in  the  carburetter  system  of  petrol  engines,  it  has  been  found 
possible  to  develop  the  use  of  alcohol-gasoline  fuels  in  Sweden  and 
to  obtain  entirely  satisfactory  results  from  them. 


ZUSAMMENFASSUNG 

Schweden  ist  dank  seiner  Zellulose-Industrie  in  der  Lage,  leicht  billigen 
Spiritus  zu  erzeugen,  und  es  hat  daher  ein  grosses  volkswirtschaftliches 
Interesse,  einen  Teil  des  Gasolinverbrauchs  durch  Spiritus  zu  ersetzen.  Durch 
Destillation  über  gebranntem  Kalk  wird  ein  Spiritus  erhalten,  der  sich  mit 
Gasolin  zu  einer  gleichmässigen,  nicht  scheidenden  Mischung  vermischt.  Um 
die  Verwendung  des  Spiritus  als  Genussmittel  zu  verhindern,  wird  er  durch 
Zusetzen  von  0,19%  Crotonaldehyd  denaturiert;  diese  Menge  genügt,  ihn 
ganz  ungeniessbar  zu  machen. 

Die  Praxis  ergab,  dass  bis  zu  23%  Spiritus  enthaltende  Mischungen  in  Ben- 
zinmotoren ausgezeichnete  Ergebnisse  liefern  und  dass  nichts  im  Vergasungs- 
System  geändert  zu  werden  braucht.  Mehr  als  23%  Spiritus  enthaltende 
Mischungen  können  ebenfalls  verwendet  werden;  es  sind  jedoch  gewisse 
Massnahmen  zu  ergreifen.  Die  angesaugte  Luft  muss  vorgewärmt,  der 
Schwimmer  wegen  des  veränderten  spezifischen  Gewichtes  nachgestellt  und 
die  Zündung  verändert  werden.  Unter  diesen  Bedingungen  erhält  man  sehr 
gute  Ergebnisse.  Das  Mass  der  erforderlichen  Vorwärmung  hängt  zum 
grossen  Teil  von  der  Luftfeuchtigkeit  ab,  doch  ist  es  zur  Vermeidung  von 
Brennstoffverlusten  wesentlich,  die  angesaugte  Luft  genügend  vorzuwärmen, 
um  den  Brennstoff  vollständig  zu  verdampfen  und  Kondensation  atmos- 
phärischer Feuchtigkeit  zu  verhindern. 
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The  question  of  suitability  of  fuels  for  internal  combustion  engines 
has,  from  the  first  appearance  of  this  type  of  motor,  constituted  an 
important  problem  that  has  attracted  the  constant  attention  of 
experts. 

Originally  town's  gas  was  used  exclusively, but  gradual  development 
made  it  possible  to  use  practically  any  inflammable  gas  and  also 
mineral  oil  products. 

While  it  is  not  yet  possible  to  use  all  combustible  oils  for  the 
operation  of  internal  combustion  engines,  the  latter  are  being 
constantly  modified  in  order  to  burn  oils  that  have  not  yet  been 
used  for  this  purpose. 

Hitherto,  oils  that  have  been  considered  unsuitable  for  use  in 
internal  combustion  engines  have  been  utiUsed  as  boiler  fuel,  but 
now  that  the  use  of  motor-ships  is  increasing,  it  is  important  that 
fuel  oils  should  also  be  utilised  for  the  operation  of  internal  com- 
bustion engines. 

An  explanation  of  the  conditions  governing  the  use  of  different 
oils  in  motors  of  various  types  is  therefore  of  great  value,  and  it 
would  appear  that  the  most  valuable  contributions  to  the  discussion 
are  those  which  are  based  on  the  results  of  actual  experiments. 

The  following  is  a  description  of  an  experiment  carried  out  in 
1925,  using  a  fuel  oil,  the  properties  of  which  were  such  that  it 
would  not  be  considered  suitable  for  use  as  fuel  in  an  ordinary 
internal  combustion  engine. 
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The  oil  had  a  relatively  high  specific  gravity  of  0-945  at  20°C.  and 
was  very  viscous,  as  is  shown  by  the  following  Engler  viscosity 
figures  : — 

Temperature        20°C.  50°C.  75°C.  lOOX. 

Viscosity   ...         87-0  11-0  5-43  2-53 

During  fractional  distillation,  the  oil  was  found  to  contain  some 
water,  and  in  addition,  the  following  figures  were  obtained  :  — 


To  250X 

-*  /o 

From   250°  to   300°C. 

12% 

300°   „    350°C. 

12% 

350°   „     360°C. 

51% 

Residue              

20% 

The  residue  from  the  distillation,  when  cool, 

was  found  to  consist 

of  a  sohd,  brittle  mass. 

Fig.  1 
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From  the  results  of  the  fractional  distillation  it  will  be  seen  that 
the  gasoline,  kerosene  and  solar  oil  fractions  had  previously  been 
extracted.  The  oil  had  a  considerable  sulphur  content  of  2-52 
per  cent.,  in  addition  to  which  the  asphalt  insoluble  in  ether-alcohol 


(2  :  1)  amounted  to  10-6  per  cent.,  while  that  insoluble  in  normal 
gasoline  of  0-7  specific  gravity  amounted  to  7-1  per  cent.,  figures 
that  would  be  considered  extremely  high  in  a  fuel  for  internal  corn- 


Fig.  3 
bustion  engines.     The  calorific  value  amounted  to   10,200  metric 
thermal   units  per  kilogram,  and  the  effective  thermal   value    to 
9,610  metric  thermal  units  per  kilogram. 
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A  long  test  was  carried  out  with  this  oil,  using  a  four-cylinder, 
four-cycle  Hesselman  motor  of  65  horse-power.  The  construction  of 
this  engine  is  rather  peculiar,  for  the  combustion  chamber  (Fig.  1) 
has  been  constructed  in  such  a  manner  that  the  particles  of  fuel 
have  time  to  vapourise  without  coming  into  contact  with  the 
waUs  of  the  cylinder  during  the  process  of  evaporation.  For  this 
purpose,  the  top  of  the  piston  is  coned  off  upwards,  the  point 
of  the  cone  being  located  below  the  burner.  The  fuel  is  fed  in 
through  a  five-jet  burner  (Fig.  2)  in  a  direction  parallel  to  the  top 
cone-shaped  surface  of  the  piston.  The  air  for  effecting  complete 
combustion  enters  through  the  intake  valve  in  a  rotating 
motion  (Fig.  3),  whereby  satisfactory  mixing  of  fuel  and  air  is 
obtained. 
The  piston,  which  is  not  water-cooled,  has  the  upper  part  shaped 
so  that  the  actual  compression  space  will  be  situated  in  the 
periphery  of  the  compression  chamber.  It  might  be  suspected  that 
the  cooling  of  the  top  of  the  piston  is  insufficient,  and  this  is  perhaps 
even  more  the  case  regarding  the  projecting  edges  at  the  upper  part 
of  the  piston.  An  engine  with  a  bore  of  380  mm.  has,  however,  been 
operated  with  an  average  effective  pressure  of  8  Kg.  per  square 
centimetre  without  any  evidence  of  super-heating.  The  probable 
reason  why  there  is  no  risk  of  this  happening  is  that  the  jet  of 
oil  does  not  strike  the  piston,  and  particularly  that  the  central 
part  of  the  piston  is  not,  as  in  Diesel  motors,  subjected  to  the 
highest  temperature. 

The  arrangement  of  the  fuel  pump  will  be  seen  in  Fig.  4.  The 
piston  pump  P,  which  suppHes  fuel  to  the  cyhnders,  is  operated 
from  a  vertical  shaft  by  means  of  an  eccentric  E,  and  makes  one 
stroke  for  every  ignition  of  the  motor.  The  pump  has  a  suction 
valve  S  and  a  pressure  valve  T,  through  which  the  fuel  enters  a 
distributing  chamber  K,  the  latter  being  connected  to  a  number 
of  distributing  valves  Fl,  F2,  etc.  These  are  actuated  by  the  cams 
Nl,  N2,  etc.  The  amount  of  fuel  is  regulated  by  means  of  the 
suction  valve,  which  remains  open  during  the  first  part  of  the 
pressure  stroke  of  the  pump-piston.  At  a  certain  position  of  the 
pump-piston,  depending  on  the  load,  the  suction  valve  closes,  and 
the  fuel  enters  the  chamber  R.  The  valve  T  then  opens,  the  fuel 
passes  through  into  the  chamber  K  and  finally  to  one  of  the  valves 
F,  which  at  the  moment  is  open.  In  the  figure,  the  valve  F2  is 
open  in  order  to  allow  the  fuel  to  pass  through  the  tube  02  to  the 
fuel  valve  B2  and  into  the  cyhnder  that  is  in  turn  for  ignition.  The 
injection  valve  is  opened  by  the  pressure  of  the  Hquid  and  is  not 
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Fig.  4 
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mechanically  governed  in  any  way.  The  supply  of  fuel  continues 
during  the  pressure  stroke  of  the  pump-piston  until  the  valve  S 
again  opens.  By  means  of  special  adjusters,  the  period  for  intake 
of  fuel  may  be  prolonged  or  reduced,  and  the  time  for  the  commence- 
ment of  the  fuel  injection  may  be  fixed. 


,1  r  I  T  1 


cdn 


Fig-    5. 
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The  fuel  valve  is  reproduced  in  Fig.  5  in  sectional  and  exterior 
views.  The  valve  chamber  contains  a  high-pressure  filter  and  within  a 
central  bored  cavity,  the  fuel-valve  spring,  the  needle  valve  and  the 
nozzle  with  a  burner,  while  outside  the  chamber  there  is  an  arrange- 
ment for  setting  the  spring.  The  fuel  passes  through  the  pressure 
tube  to  the  filter,  which  is  intended  to  act  as  a  final  safety  device 
and  which  is  of  particular  importance  when  the  pressure  pipes  are 
new  and  consequently  may  contain  mechanical  impurities.  From 
the  filter  the  oil  enters  the  valve  chamber.  The  fuel  valve  consists 
of  elastic  double  discs  (Fig.  6)  in  one  piece,  connected  by  a  cylindrical 
part  to  the  inner  periphery.  Two  adjacent  double  discs  are  separated 
by  distance  rings  at  the  inner  periphery  and,  in  addition,  they  are 
held  together  by  shrunk-on  rings.  In  order  to  fill  out  the  dead 
volume  between  the  two  parts  of  a  double  disc,  split  rings  are 
inserted,  secured  by  wire  rings  which  fit  into  grooves  in  the  split 


^•//•>:  /a 


Fig.  6 
rings.  The  compression  of  the  valve  spring  is,  thus,  the  total  of  the 
elasticity  of  these  double  discs.  The  spring  offers  the  same  resistance 
to  bending  as  a  solid  cylindrical  bar  with  a  diameter  of  11  mm., 
and  a  force  of  more  than  250  Kg.  is  necessary  to  pull  it  apart. 
The  lever  which  projects  from  the  fuel  valve  and  is  intended  for 
setting  the  spring,  is  brought  through  a  lead  gasket,  which  can 
be  kept  perfectly  tight.  At  the  opposite  end  of  the  spring  there  is 
a  spring  support  which  is  secured  by  means  of  a  shrunk-on  ring, 
and  in  this  support  the  needle  valve  is  threaded.  When  the  valve  is 
opened  on  account  of  the  pressure  of  the  liquid  exceeding  that  of 
the  spring,  the  fuel  passes  through  the  nozzle  and  the  burner  into 
the  combustion  chamber  of  the  motor. 
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The  bore  of  the  motor  used  was  250  mm.  and  its  stroke  370  mm. 
The  normal  number  of  revolutions  was  300  per  minute. 

For  the  purpose  of  the  test  two  fuel  containers  were  connected 
to  the  fuel  pump,  one  containing  ordinary  Diesel  oil  (gas  oil)  and 
the  other  heavy  fuel  oil.  Gas  oil  was  used  to  start  the  engine,  and 
when  the  cooling  water  had  become  warm  and  had,  by  means  of  a 
special  arrangement,  raised  the  temperature  of  the  oil  sufficiently, 
the  fuel  oil  was  turned  on.  Before  the  engine  was  stopped,  gas  oil 
was  once  more  turned  on  and  the  engine  was  run  for  a  sufficient 
time  in  order  to  allow  all  the  tubes,  pumps  and  fuel  valves  to  be 
filled  with  this  liquid,  so  as  to  facihtate  the  next  start.     The  power 

GfLAui6  pw  HP 

pet-  Hojr 


^K>        So        do        70        80        90  H-P. 
Fig.  7 
of  the  engine  was  determined  by  means  of  a  water  dynamometer,  and 
the  appearance  of  the  exhaust  gases  was  also  observed.     Their 
odour,   however,   gave  no  indication   of   the   effectiveness  of   the 
combustion  on  accoimt  of  the  high  content  of  sulphur. 

The  engine  was  started  with  gas  oil  and,  on  reaching  the  full  rate 
of  revolutions,  was  loaded  to  the  full  capacity. 

The  fuel  consumption  (using  gas  oil)  was  determined,  after  which 
the  heavy  fuel  oil  was  turned  on,  and  the  operation  of  the  engine 
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with  this  fuel  continued  for  five  and  a  half  hours.  During  this 
period  fuel  tests  were  performed  for  different  loads,  from  idling  to 
almost  30  per  cent,  overloading.  The  results  of  these  tests  will  be 
found  in  Table  I.  and  Fig.  7. 
The  test  with  heavy  fuel  oil  was  continued  on  the  following  day, 
the  engine  being  run  at  constant  speed  and  full  load  for  more 
than  24  hours.  During  this  time  sixteen  fuel  consumption  tests 
were  made,  fairly  evenly  distributed  over  the  24  hours.  The  results 
of  these  tests  will  also  be  seen  in  the  table. 


too   HP 


At  the  end  of  the  test,  fuel  tests  for  gas  oil  were  made,  with  the 
engine  still  operating  with  full  load.  The  engine  was  then  stopped, 
dismantled  and  examined. 

The  temperature  of  the  cooling  water  was  kept  between  65  and 
75 °C.  in  all  the  tests.  The  thermal  value  of  the  thick  oil  has 
been  given  above,  and  the  effective  thermal  value  of  gas  oil  has 
been  assumed  to  be  10,100  metric  thermal  units  per  kilogram. 
In  Fig.  7  the  fuel  consumption,  the  power  of  the  motor  and  the 
temperature  of  the  exhaust  gas,  are  shown. 
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The  same  engine  had  been  used  previously  in  February,  1922,  for 
a  series  of  tests  with  varying  loads  and  with  gas  oil  as  fuel,  and  in 
March,  1922,  for  tests  with  a  fuel  oil  not  intended  for  use  with 
internal  combustion  engines.  The  properties  of  the  oils  will  be 
seen  in  Table  II,  while  the  results  arrived  at  in  the  tests  are  given 
in  Table  III  and  graphically  shown  in  Fig.  8. 

TABLE  II. 


Gas  oil. 

Fuel  oil. 

Specific  gravity  15/4°C. 

0-826 

0-894 

Calorific  value. 

10800    metric 

10710    metric 

thermal  units 

thermal  units 

per  kilogram. 

per  kilogram. 

Viscosity,  Engler,  at  +   20°C. 
at  +  50°C. 

608° 
2-03° 

Impurities  :  ash 

asphalt,     insoluble 
ether-alcohol    (2  : 

in 

0-04  per  cent. 
0-88  per  cent. 

asphalt,     insoluble 
normal    gasoline 

in 
of 

0-70  spec,  gravity 

0-27  per  cent. 

solid,  mechanical. 

none. 

On  account  of  the  lower  calorific  value  of  the  heavy  fuel  oil,  the 
consumption  of  fuel  is  greater  than  with  gas  oil.  However,  if  the 
results  are  converted  into  thermal  units,  the  consumption  of  heat 
per  effective  horse-power-hour  will  be  almost  exactly  the  same  in 
both  cases,  irrespective  of  which  fuel  is  used.  A  comparison  with 
the  results  arrived  at  in  the  test  in  1922  is  also  of  interest.  The 
1925  test  corresponds  almost  exactly  to  the  1922  test,  the  only 
difference  being  that  somewhat  more  favourable  results  were 
obtained  with  lower  loads.  The  power  of  the  motor  is,  consequently, 
not  affected  by  the  heavy  oil  used. 

During  the  24-hour  test  with  heavy  oil  the  average  consumption  of 
fuel  was  186  grams  per  horse-power-hour,  the  consumption,  however, 
being  subject  to  slight  progressive  periodical  variations.  The 
lowest  figure  was  184-0  and  the  highest  188-1  grams  per  horse- 
power-hour. 

The  compression  pressure  of  the  engine  was  found  to  be  28  Kg. 
per  square  centimetre,  and  its  maximum  combustion  pressure  with 
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full  load  41  Kg.  per  square  centimetre  for  gas  oil  and  44  Kg.  per 
square  centimetre  for  the  fuel  oil.  No  adjustments  were  made  when 
changing  over  from  one  fuel  to  the  other,  nor  when  changing  the 
load  or  during  the  long  test. 

The  operation  of  the  engine  was  very  smooth  and  even,  the  tacho- 
meter showing  a  gradual  variation  between  302  and  304  revolutions 
per  minute.  The  position  of  the  regulator  could  be  checked  on  a 
scale,  and  after  the  motor  had  warmed  up  it  remained  steady 
during  the  whole  of  the  long  test,  as  far  as  could  be  observed. 

The  diagrams  drawn  up  for  each  fuel  consumption  test  show  a  great 
evenness  and  similarity  during  the  whole  experiment. 

At  the  close  of  the  long  test,  a  check  was  made  with  gas  oil  in 
order  to  establish  the  condition  of  the  motor  after  operation 
with  the  heavy  fuel  oil.  This  test  gave  the  best  result  that 
could  be  expected  with  this  motor,  the  power  of  the  engine 
being  0-6  per  cent,  greater  than  at  the  commencement  of 
the  experiment  on  August  19th  and  0-4  per  cent,  greater  than  in 
the  test  in  1922. 

When  examining  the  engine  afterwards,  a  small  cap  of  soot  was 
observed  on  each  of  the  burners,  and  there  was  evident  indication 
of  these  caps  flaking  off  when  they  had  reached  a  certain  size. 
The  injection  holes  of  the  burners,  however,  were  clean.  The  exhaust 
valve  had  a  very  sHght  flakiness  of  soot  and  may  be  regarded  as 
clean.  The  bottom  of  the  piston  was  also  clean,  being  only  very 
slightly  flaked  with  soot,  and  no  part  of  it  showed  any  signs  of 
excessive  heating. 

During  the  test,  the  engine  showed  very  smooth  and  reliable 
operation  with  very  small  fuel  consumption  and  good  combustion. 
The  consumption  of  heat  per  brake  horse-power-hour  was  the 
same  as  in  operation  with  gas  oil.  The  results  are  all  the  more 
remarkable  as  the  oil,  as  already  stated,  evidently  consisted  of 
distillation  residue,  was  very  thick  and  contained  a  considerable 
quantity  of  asphalt,  and  for  these  reasons  must  be  considered  an 
unsuitable  oil  for  use  as  fuel  in  internal  combustion  motors.  The 
test,  therefore,  made  it  clear  that  an  oil  of  secondary  quality, 
which  previously  has  possibly  been  used  in  Diesel  motors  with 
injection  of  air  under  pressure,  may  also  be  utilised  with  advantage 
for  the  operation  of  engines  with  direct  injection,  when  they  are 
constructed  in  a  suitable  manner,  as  in  the  case  of  a  motor  on  the 
Hesselman  system. 

761 


INTERNAL  COMBUSTION  ENGINES 

ZUSAMMENFASSUNG 

Der  Bericht  behandelt  die  Verwendung  von  Schwerölen  in  Verbrennungs- 
kraftmaschinen vom  Dieseltyp  und  beschreibt  ausführlich  gewisse  Versuche 
mit  einem  Zweizylinder- Viertakt-Hesselmanmotor  von  65  H.P.,  bei  denen 
schweres  Asphaltöl  als  Brennstoff  benutzt  wurde.  Nach  einleitenden  Bemer- 
kungen gibt  der  Verfasser  Einzelheiten  über  das  verwendete  Öl  und  beschreibt 
dann  den  Motor  und  das  Verfahren  der  Brennstoffeinspritzung.  (6  Abbil- 
dungen). 

Weiterhin  wird  die  Methode  der  Ausführung  der  Versuche  erläutert,  und  der 
Bericht  schliesst  mit  einer  Liste  von  Ergebnissen,  die  bei  Verwendung  von 
Gasöl  und  zwei  verschiedenen  Schwerölen  erhalten  wurden.  (2  Diagramme  und 
3  Tabellen).  Die  Versuchsergebnisse  zeigen,  dass  Öl  von  zweiter  Qualität, 
das  möglicherweise  schon  in  Dieselmotoren  mit  Einspritzung  von  Luft  unter 
Druck  verwendet  worden  ist,  noch  mit  Vorteil  zum  Betrieb  entsprechend 
gebauter  Kraftmaschinen  mit  direkter  Einspritzung  verwendet  werden  kann. 
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GENERAL  REPORT  ON    SECTION   N 

INTERNAL    COMBUSTION    ENGINES 

H.     R.      RICARDO,      O.     THORNYCROFT    and    J.     KEWLEY 

This  General  Report  covers  nine  papers  namely: — 

N2.     "Influence    of  the   Use  of  the  Heavy  Oil  Engine  on    the 
World  Economy  of  Combustible  Liquids."     (Belgium.) 
Author:  Prof.  M.  Defays. 
N3.     "Diesel  Engines  fitted  with  Exhaust  Turbine-driven  Super- 
chargers."    (Switzerland.) 

Author:  A.  Biichi. 

N4.     "Evaluation    of    Fuels    used    for    Aviation    in    Germany." 
(Germany.)   Authors:  E.  Rackwitz  and  A.  von  PhiUppovich. 

N5.     "The  Present  Position  of  the  High-speed  Heavy  Oil  Auto- 
mobile Engine."     (Germany.) 

Author:  Dr.-Ing.  W.  Riehm. 

N6.     "Petrol  Engines  and  their  Fuels."     (Great  Britain.) 

Authors:  H.   R.   Ricardo  and  0.  Thorny  croft, 
O.B.E. 

N7.     "Fuel  Oil  for  Heavy  Oil  Engines."     (Great  Britain.) 

Author:  Harold  Moore. 
N8.     "Experiments  with   Diesel  Engine-driven  Locomotives  on 
Russian  Railways."     (Russia.) 

Author:  P.  Yanoushevsky. 

N9.     "The  Use  of  Ethyl-Alcohol  as  a  Motor  Fuel."     (Sweden.) 

Author:  Prof.  E.  Hubendick. 
NIO.  "The  Use  of  Heavy  Oils  in  Internal  Combustion  Engines." 
(Sweden.)      Author:  Prof.  E.  Hubendick. 

These  papers  fall  naturally  into  several  categories  dealing  with — 

(a)  Volatile  fuels  for  motor  engines  (4),  (6)  and  (9). 
(6)  Heavy  fuels  for  motor  engines  (2),  (7)  and  (10). 
(c)   Engine  design  and  operation  (3) ,  (5)  and  (8) . 
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(a)  NA,  6,  9 

Paper  N4.  "Evaluation  of  Fuels  used  for  Aviation  in  Germany." 
By  E.  Rackwitz  and  A.  von  Philippovich. 

This  paper  deals  with  the  properties  required  in  Germany  for  an 
aviation  fuel  for  use  in  present  type  engines  and  discusses  the  rela- 
tion of  these  properties  to  engine  results  obtained  in  practice. 

The  conditions  with  which  a  normal  aviation  gasoline  must  com- 
ply are,  according  to  the  authors,  as  follows: — 

A  compression  ratio  up  to  6.3  :  1. 

Easy  starting. 

Minimum  dilution  of  lubricating  oil. 

Resistance  to  low  temperatures,  such  as  — 30°C. 

Freedom  from  gassing  troubles,  seizing  of  valves,  formation  of 
carbon. 

No  corrosive  properties,  and 

Low  consumption,  in  other  words,  high  calorific  value. 

In  Germany  petroleum  is  mostly  used,  but  to  some  extent  aircraft 
fuels  are  made  from  Hgnite.  Benzol-gasoline  mixtures  are  often  used 
in  order  to  obtain  sufficient  anti-knock  value  for  high  compression 
engines. 

The  compression  ratio  of  German  aero-engines  lies  between  5.5  :  1 
and  6.3  :  1 .  Gasolines  of  sufficiently  high  H.U.C.R.*  are  very  difficult 
to  obtain.  When  benzol-gasoline  mixtures  are  used,  the  proportion 
of  benzol  which  can  be  incorporated  into  the  mixture  is  limited  by 
the  risk  of  freezing  to  60  per  cent.  The  difficulty  of  obtaining  a 
universal  standard  fuel  for  detonation  tests  is  pointed  out.  The  chief 
difficulty  is  the  expense,  since  normal  heptane  and  iso-octane 
mixtures  would  otherwise  satisfy  the  requirements.  The  type  of 
variable  compression  engine  used  for  determinations  of  H.U.C.R. 
is  described. 

The  authors  realise  that  from  the  chemical  composition,  as  deter- 
mined in  the  laboratory,  no  definite  conclusions  as  to  the  anti-knock 
value  of  a  fuel  can  be  obtained.  BoiHng  point  ranges  for  aircraft 
gasolines  and  gasohne-benzol  mixtures  are  recommended.  The 
possibility  of  gassing  troubles  with  very  volatile  fuels  is  pointed  out. 

The  connection  between  the  spontaneous  ignition  temperature  and 
chemical  composition  is  brought  out  and  the  effect  of  anti-knock 
dopes  on  the  ignition  temperatures  is  referred  to.  Attention  is 
paid  to  the  necessity  for  aviation  purposes  of  having  a  fuel  which 

*  H.U.C.R.  =  highest  useful  compression  ratio,  or  anti-knock  value. 
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does  not  crystallise  or  show  signs  of  separation  at  temperatures 
down  to  — 30°C. 

The  risk  of  corrosive  properties  is  referred  to  and  a  corrosion  test 
is  described.  A  maximum  figure  of  0-3  per  cent,  is  given  for  the 
sulphur  content  for  aircraft  fuels.  The  influence  of  latent  heat  when 
dealing  with  alcohol  or  alcohol  mixtures  is  mentioned. 

The  possibility  of  reducing  the  fire-risk  by  using  less  volatile 
fuels  is  mentioned,  but  the  authors  dismiss  the  suggestion  as  being 
impracticable  at  present. 

Paper  N6.   "Petrol  Engines  and  their  Fuels." 

By  H.  R.  Ricardo  and  0.  Thornycroft. 

This  paper  conmiences  with  a  brief  summary  of  the  conditions  con- 
trolling the  power  output  and  efficiency  of  any  engine  operating  on 
the  constant  volume  cycle. 

The  authors  point  out  that  the  principal  controUing  factor  is  the 
ratio  of  compression  which  can  be  employed  and  this  is  limited 
generally  by  the  incidence  of  detonation.  They  show,  with  various 
examples,  that  detonation  is  very  largely  a  function  of  design  and 
of  cylinder  size,  and,  for  any  given  fuel,  detonation  is  controlled 
by  the  absolute  distance  from  the  sparking-plug  to  the  farthest 
point  in  the  combustion  chamber.  Detonation  is  controlled  by  the 
nature  and  degree  of  turbulence  within  the  combustion  chamber 
and  by  the  position  of  the  sparking  plug  itself.  The  arguments  are 
supported  by  experimental  data  illustrating  each  point  and  it  is 
shown  that  in  three  different  engines  the  limit  of  compression  ratio 
for  the  same  fuel  was  found  to  be  3-7,  5-3,  and  6-8. 

It  is  shown  also  that  as  cylinder  size  is  increased,  so  the  losses  due  to 
internal  friction,  direct  heat  loss,  etc.,  diminish,  but  that  the  ten- 
dency to  detonation  increases.  If,  with  the  small  cylinder,  the 
opportunity  is  taken  of  employing  a  higher  compression  ratio, 
the  efficiency  is,  within  the  limits,  independent  of  cylinder  size. 

The  performances  of  two  variable  compression  engines  of  widely 
different  size  and  type  are  quoted,  showing  a  difference  in  H.U.C.R. 
of  1.5  ratios  due  to  the  combined  effect  of  scale  and  design  factors. 
Later,  the  effect  of  scale  alone  is  shown  by  comparative  tests  on  four 
similar  engines  on  a  fuel  consisting  of  80  per  cent,  aviation  gasoline 
and  20  per  cent,  benzol.  The  cylinder  bores  and  the  observed 
H.U.C.R.'s  were  as  follows: — 


Cyhnder  bore  (in.)       2f  3^  5|  8^ 

H.U.C.R.  7.9  7.5  6.2  5.4 
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It  is  shown  that  although  engines  may  vary  greatly  in  their  ten- 
dencies to  detonation,  nevertheless  different  fuels  have  the  same 
relative  tendencies  to  detonation  in  any  engine. 

The  influence  of  mixture  strength  on  power  output  on  the  ignition 
advance  needed  and  on  the  tendency  to  detonation  are  also  illus- 
trated by  test  results. 

The  tendency  of  various  fuels  and  groups  of  fuels  to  detonation  is 
then  discussed,  and  it  is  shown  that  so  far  as  hydro-carbon  fuels  are 
concerned,  mixtures  obey  a  nearly  straight  line  proportional  law. 

Both  Callendar's  and  Egerton's  theories  of  the  incidence  of  detona- 
tion are  described  briefly. 

A  number  of  experiments  and  tests  with  metallic  dopes  are  quoted 
showing  that  the  effect  of  such  dopes  varies  widely  with  the  fuel 
to  which  they  are  added. 

Finally,  reference  is  made  to  the  influence  of  the  volatility  of  the 
fuel  on  the  performance  of  the  engine  and  it  is  shown  that,  within 
limits,  the  volatility  of  the  fuel  has  comparatively  little  effect  on 
efficiency  provided  that  the  design  and  heating  of  the  induction 
system  are  appropriate. 

Paper  N9.  "The  Use  of  Ethyl- Alcohol  as  a  Motor  Fuel." 
By  Professor  E.  Hubendick. 

This  paper  sets  out  the  results  of  research  work  carried  out  at  the 
Royal  University  of  Technology  in  Stockholm.  The  existence  of 
an  extensive  sulphite  pulp  industry  in  Sweden  makes  the  alcohol 
fuel  question  one  of  great  importance  for  that  country.  The 
research  has  shown  that  2  per  cent,  of  the  weight  of  timber  consumed 
can  be  obtained  as  pure  sugar.  The  author  believes  that  by  im- 
proved methods  a  much  larger  yield  of  sugar  will  be  obtained  and,  if 
necessary,  the  whole  of  the  liquid  fuel  requirements  of  Sweden  could 
be  met  by  the  consmnption  of  only  a  small  proportion  of  that 
coimtry's  output  of  timber. 

Incidentally  the  research  has  produced  a  new  dénaturant  in  croton 
aldehyde.  The  amount  of  this  required  is  so  small,  namely,  019 
per  cent.,  that  it  has  no  objectionable  effect  on  the  use  of  the  alcohol 
as  fuel. 

The  vapour  pressure  of  alcohol  is  lower  than  that  of  gasoline  as  is 
also  the  calorific  value,  but  the  latent  heat  is  much  higher.  The 
author  points  out  that,  to  obtain  practical  equality  as  regards 
volatiHty,  an  alcohol  mixture  must  have  a  higher  partial  pressure 
in  the  engine  cylinder  due  to  the  lower  air-fuel  ratio  that  must  be 
employed. 
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In  order  to  obtain  a  clear  comparison  between  alcohol  and  gasoKne 
in  use  with  a  motor  engine  the  calorific  value  of  the  air-fuel  mixture 
should  be  determined  and  the  consumption  stated  in  thermal  units 
per  horse-power  hour;  in  other  words,  the  efficiency  and  not  only 
the  quantitative  consumption  must  be  considered. 

A  series  of  engine  tests  was  carried  out  which  demonstrated  that, 
with  an  ordinary  carburettor  and  without  alteration  from  the 
normal  adjustments  for  gasohne,  the  engine  efficiency  did  not  show 
any  noticeable  change  and  full  normal  power  was  obtainable  so  long 
as  the  percentage  of  alcohol  in  the  mixture  did  not  exceed  23.  This 
indicates  that  in  such  a  carburettor  the  characteristic  properties  of 
the  alcohol  do  not  exert  themselves  appreciably  until  the  proportion 
of  the  alcohol  exceeds  that  figure.  When  the  fuel  contains  more  than 
23  per  cent,  of  alcohol  larger  jets  in  the  carburettor  must  be  fitted 
and  the  intake  air  must  be  provided  with  additional  heat  to  compen- 
sate for  the  high  latent  heat  of  the  alcohol.  The  float  valve  also  must 
be  adj  usted  to  compensate  for  the  great  specific  gravity  of  the  fuel.  The 
sensitiveness  to  water  of  mixtures  containing  a  large  percentage  of 
gasoline  is  pointed  out.  The  question  is  complicated  because  the 
properties  of  the  mixture  vary  with  the  type  of  gasoline  used.  The 
lower  the  content  of  alcohol  the  greater  the  sensitiveness  to  water. 
In  Sweden  a  75  per  cent,  gasoline,  25  per  cent,  alcohol  mixture, 
has  been  successfully  distributed  and  used  for  some  years. 

The  author  devotes  considerable  space  to  the  question  of  the  effect 
of  air  humidity  upon  the  heat  required  for  evaporation  of  the  fuel 
as  it  enters  the  engine. 

The  General  Reporters  suggest,  since  the  important  question  of 
the  sensitiveness  of  alcohol  gasoline  mixtures  to  water  really  con- 
cerns the  behaviour  of  the  fuel  before  it  reaches  the  engine,  that  this 
subject  be  dealt  with  by  Section  S — "Power  Alcohol." 

{h)  N2,  7,  10 
Paper  N2.   "Influence  of  the  Use  of  the  Heavy  Oil  Engine  on  the 
World  Economy  of  Combustible  Liquids." 
By  Prof.  M.  Defays. 

Paper  NT.   "Fuel  Oil  for  Heavy  Oil  Engines." 
By  Harold  Moore. 

Paper  N\0.   "The    Use    of    Heavy  Oils   in  Internal  Combustion 
Engines." 
By  Prof.  E.  Hubendick. 
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The  subject  of  heavy  fuels  for  motor  engines  is  one  of  great  im- 
portance because  at  present  the  available  supply  of  heavy  and 
cheaper  petroleum  fuels  is  much  greater  than  that  of  gasoHne,  and 
because,  in  the  future  such  supplies  can  be  more  readily  supple- 
mented by  the  distillation  of  coal  and  shale  and  by  the  use  of  even 
vegetable  oils.  At  the  present  time  it  may  be  safely  stated  that 
of  these  potential  supplies  only  one,  namely,  petroleum,  is  utilised. 
The  supply  of  petroleum  fuels  is,  moreover,  limited  because,  in  spite 
of  what  specifications  may  say  to  the  contrary,  there  is  a  decided 
preference  given  to  petroleum  distillate — rather  than  to  residual — 
oils  or,  at  any  rate,  to  fuels  containing  only  small  proportions  of 
residual  oil. 

Engines  are  often  described  as  "crude-oil"  engines,  but  crude  oils 
are  practically  never  supplied  as  fuel  oils,  since  crude  oils  usually 
contain  volatile  fractions  which  it  pays  to  extract  and  sell  as  gaso- 
lines and  kerosenes.  The  question  of  the  suitability  of  various 
available  oils  for  use  in  present-day  internal  combustion  engines 
and  the  relation  of  this  to  laboratory  analyses  is  discussed  in  the 
paper  by  H.  Moore.  The  requirements  of  a  heavy  fuel  are  intimately 
related  to  the  type  of  engine  in  which  it  is  to  be  used. 
The  special  requirements  of  the  heavy  oil  engine  impose  extra 
limitations  on  the  character  of  the  fuel.  In  general,  it  may  be 
said  that  the  higher  the  compression  of  the  engine  the  less 
exacting  its  requirements  as  to  the  chemical  nature  of  the  fuel. 
The  heavy-oil  engine  user  expects  that: — 

(1)  The  fuel  shall  be  free  from  foreign  matter,  particularly  from 
inorganic  material. 

(2)  That  it  shall  have  a  high  calorific  value. 

(3)  That  it  shall  be  burned  in  the  cylinder  with  a  clear  exhaust 
and  freedom  from  coking  or  fouling  of  the  combustion  chamber 
so  that  the  engine  shall  be  capable  of  running  for  long  periods 
without  the  need  of  cleaning. 

(4)  That  it  shall  have  a  sufficiently  low  ignition  temperature  to 
enable  the  engine  to  start  from  cold. 

(5)  That  the  oil  shall  not  congeal  at  ordinary  low  temperatures. 

Taking  these  points  in  detail: — 

(  1  )  The  influence  of  the  ash  is  shown  to  depend  to  some  extent  on 
its  chemical  nature.  A  limit  of  0.05  per  cent,  is  usually 
specified,  but  if  the  ash  is  of  a  non-abrasive  nature,  e.g.,  sodium 
compounds,  this  figure  may  be  exceeded. 
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(2)  There  is  comparatively  little  variation  in  the  heat  value  of 
petroleum  oils.  The  coal  tar  oils,  which  vary  greatly  according 
to  the  mother  coal,  differ  from  petroleum  oils  in  that  the 
former  contain  oxygenated  bodies  such  as  cresols  and  have 
consequently  lower  calorific  values.  The  same  apphes  to  the 
vegetable  oils. 

(3)  The  completeness  of  the  combustion  in  the  cylinder  can  be 
considered  only  in  relation  to  engine  design.  Assuming  for 
the  moment  easy  ignition,  then  clean  combustion  depends 
primarily  on  the  timing  and  adjustment  of  the  fuel  valve  to 
the  viscosity  of  the  oil,  and  to  a  less  extent  depends  on  the 
chemical  nature  of  the  oil.  To  the  presence  of  hard  asphalt  is 
usually  attributed  the  coke  formation  in  the  cylinders,  smoky 
exhaust  and  injury  to  the  exhaust  valve  faces.  In  the  author's 
experience,  however,  large  low  speed  tv/o-stroke  engines 
sometimes  give  better  results  when  a  heavy  oil  of  high  hard- 
ashphalt  content  is  used.  Hard  ashpalt  is  absent  from  distilled 
oils  and  it  is  partly  on  this  account  that  these  oils  are  generally 
preferred.  Certain  residual  oils,  however,  which  are  practically 
free  from  hard  asphalt  are  excellent  heavy  oil  engine  fuels. 

In  addition  to  the  above  considerations  the  sulphur  content 
should  be  mentioned.  There  appears  to  be  no  direct  relation 
between  sulphur  content  of  an  oil  and  its  behaviour  in  an 
engine,  except  in  so  far  as  the  sulphur  may  be  a  component 
of  the  hard  asphalt.  Apart  from  possible  corrosion  of  the 
silencer,  the  presence  of  sulphur  seems  to  have  no  deleterious 
effect. 

(4)  An  important  factor  is  the  ease  of  ignition  by  the  heat  of 
compression.  This  is  the  factor  which  differentiates  between 
coal  tar  oils  and  petroleum  fuels.  The  former  have  such  high 
ignition  temperatures  that  it  is  often  found  necessary  to  arrange 
for  pilot  ignition  gear.  The  shale  oils,  lignite  oils  and  vegetable 
oils  have  not  this  disadvantage  of  high  ignition  temperature. 

The  papers  by  Prof.  Defays  and  Prof.  Hubendick  discuss  the 
relative  advantages  of  the  heavy  oil  engine  and  the  gasoline  engine 
and  suggest  the  lines  of  future  development. 

The  ever-increasing  development  of  motor  transport  by  sea,  land 
and  air  is  directing  attention  to  the  necessity  of  either  supple- 
menting existing  supplies  of  gasoline  or  of  developing  motor  engines 
which  will  operate  on  the  more  generally  available  heavy  fuels. 
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The  way  in  which  the  former  question  has  been  tackled  has  been 
pointed  out  in  the  general  report  for  Section  E.  The  great  attention 
which  is  being  given  to  the  latter  problem  is  exemplified  in  the 
present  papers. 

Prof.  Defays  divides  heavy  fuel  engines  into  three  classes,  viz.. 
low-speed,  moderate-speed  and  high-speed  engines  and  discusses 
the  advantages  of  high-speed  engines. 

Several  moderate  speed  engines  are  now  on  the  market.  The 
Held-Raltye  engine  is  cited  as  a  case  of  successful  development  of 
the  high-speed  heavy  oil  type. 

If,  as  appears  likely  for  some  time  to  come,  the  cost  of  heavy 
fuels  of  the  gas-oil  type  remains  well  below  that  of  the  present  price 
of  gasoline,  the  heavy  oil  engine  will  offer  a  distinct  advantage 
in  the  matter  of  fuel  costs.  The  principal  economic  consequences  of 
the  use  of  heavy  oil  engines  for  transport  and  the  general  use  of  high- 
speed heavy  oil  engines  would  be  an  increase  in  the  proportion 
of  the  world  supply  of  available  liquid  fuels  together  with  a 
simplification  of  the  refining  processes  necessary  with  a  concurrent 
reduction  in  cost.  A  consequent  reduction  in  the  cost  of  transport 
generally  must  result. 

(c)  m,  5,  8 

Paper  X3.  "Diesel  Engines  fitted  with  Exhaust   Turbine-Driven 
Superchargers." 
By  A.  Büchi. 

This  paper  deals  very  thoroughlv  with  the  application  to  large, 
slow-running  Diesel  engines  of  exhaust-driven  superchargers 
of  the  type  developed  for  aircraft  during  the  war.  The  first  part 
of  the  paper  deals  with  theoretical  considerations  and  reiterates 
the  arguments  put  forward  by  the  exponents  of  exhaust-driven 
superchargers  for  aircraft.  The  author  makes  a  great  point  of 
the  scavenging  of  the  exhaust  products  after  completion  of  the 
exhaust  stroke  and  advocates  a  valve  timing  giving  an  appreciable 
overlap  between  the  opening  of  the  air  inlet  valves  and  the  closing 
of  the  exhaust  valves.  It  is  pointed  out  that  the  scavenging  effect 
obtained  thereby  serves  both  to  increase  the  weight  of  air  in  the 
cylinder  and  at  the  same  time  to  cool  internally  the  cylinder  walls, 
piston  head,  and  more  particularly  the  exhaust  valves,  thus  to  a  large 
extent  compensating  for  the  increased  heat  flow  due  both  to  the 
greater  volume  of  heat  and  to  the  higher  initial  air  temperature. 
The  author  next  proceeds  to  describe  a  very  comprehensive  series 
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of  tests  carried  out  on  a  large  six-cylinder  four-cycle  Diesel  engine, 
to  which  this  system  of  supercharging  was  applied.  The  test  re- 
sults obtained  bear  out  the  arguments  advanced  above  and  show 
that  as  the  power  output  is  increased  by  supercharging  the  heat 
flow  to  the  cylinder  walls,  pistons,  valves,  etc.,  is  increased  at  a 
somewhat  lower  rate.  Since  the  mechanical  losses  are  virtually 
unaffected  by  the  addition  of  the  turbine  supercharger,  it  follows 
that  the  mechanical  efficiency  increases  steadily  with  increase  of 
load.  The  maximum  load  recorded  during  the  tests  corresponds 
to  a  brake  mean  pressure  of  about  133  lb.  per  sq.  in.,  which  was 
obtained  with  a  supercharge  of  7. 1 1  lb.  per  sq.  in.  (gauge)  with  the 
turbine  running  at  slightly  over  6,000  R.P.M.  under  these  conditions. 

Paper  N5.  "The  Present  Position  of  the  High-Speed  Heavy  Oil 
Automobile  Engine." 
By  Dr.-Ing.  W.  Riehm. 

This  paper  commences  with  a  short  specification  of  a  fuel  suitable 
for  small  high-speed  Diesel  engines.  Dr.  Riehm  then  proceeds 
to  a  brief  description  of  a  number  of  small  light  high-speed  Diesel 
engines  developed  recently  in  Germany,  including  one  air  injection 
engine — the  Maybach — several  solid  injection  engines,  several 
employing  the  pre-combustion  chamber  principle,  also  one  very 
interesting  example  of  a  two-cycle  high-speed  Diesel,  namely, 
the  Junkers  opposed  piston  type.  Finally,  the  author  enumerates 
the  various  purposes  to  which  such  engines  may  be  applied  and 
the  advantages  to  be  gained  by  their  use  over  that  of  gasoline 
engines. 

The  paper  illustrates  very  clearly  the  tremendous  advances  which 
have  taken  place  quite  recently  in  the  development  of  high-speed 
Diesel  engines  and  the  immense  amount  of  energy  and  talent  which 
is  now  being  poured  into  this  development.  The  paper  being 
largely  a  statement  of  fact,  there  is  little  scope  for  discussion  except 
that  the  champions  of  the  gasoline  engine  may  question  the  state- 
ment that  the  Diesel  engine  gives  from  10  to  15  per  cent,  more 
power,  presumably  from  the  same  cylinder  size. 

Paper  A'S.    "Experiments  with  Diesel  Engine  driven  Locomotives 

on  Russian  Railways." 

By  P.  Yanoushevsky. 

This  paper  deals  in  an  admirably  clear  and  impartial  manner  with 

a  number  of  extremely  interesting  experiments  carried  out  in  Russia 

with   a  view  to   the  development  of  a  full  scale  main  line  Diesel 
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locomotive.  It  is  evident  that  the  experiments  have  been  carried 
out  with  both  skill  and  courage  and  on  a  grand  scale. 

Three  types  of  experimental  main  line  locomotives  are  described. 
The  first  was  made  up  from  existing  units  and  consists  of  a  ten- 
cylinder  1,000  H.P.  Vickers  engine,  apparently  a  standard  war-time 
submarine  engine,  and  electrical  drive  with  two  generators  fitted, 
one  at  either  end  of  the  main  engine.  The  Diesel  engine  is  started 
electrically  from  one  of  the  generators,  a  small  battery  being  installed 
for  this  purpose  and  for  the  electrical  drive  of  certain  auxiliaries. 
No  data  is  given  as  to  the  actual  performance  of  this  locomotive, 
which  was  built  up  merely  for  the  purpose  of  preliminary  experiment. 

Later,  and  on  the  basis  of  the  experience  gained,  two  more  loco- 
motives each  of  about  1,100-1,200  B.H.P.  were  built,  and  put  into 
service.  Of  these,  one  has  electrical  transmission  and  the  other  gear 
transmission,  through  the  medium  of  magnetic  clutches.  The 
author  is  very  cautious  in  drawing  any  conclusions  as  yet  from 
the  tests  on  either  of  these  locomotives,  although  they  both  have  a 
considerable  mileage  to  their  credit.  Of  the  two,  the  figures  would 
appear  to  show  a  slight  advantage  in  favour  of  the  geared  loco- 
motive, even  though  this  was  handicapped  by  having  {a)  rather 
too  high  a  ratio  on  the  low  gear,  and  {h)  by  it  being  necessary  to 
disengage  the  primary  magnetic  clutch  before  effecting  a  change  of 
gear,  both  of  which  defects  involved  a  very  heavy  momentary  strain 
on  the  couplings  and  resulted  in  their  occasional  breakage.  From 
a  summary  based  on  a  combined  total  of  85,000  kilometres  it  would 
appear  that  the  operating  costs  of  either  of  the  two  Diesel  loco- 
motives is  approximately  76  per  cent,  of  that  of  a  steam  locomotive 
of  equal  capacity,  as  shown  by  the  following  table,  which  gives  the 
operating  cost  in  terms  of  chervonny  roubles: — 


Steam  Loc. 

Diesel  Loc.  2. 

Diesel 

Loc.  3 

(geared). 

Per            Per 

Per 

Per 

Per 

Per 

100             10* 

100 

10* 

100 

10* 

Km.        ton  Km. 

Km. 

ton  Km. 

Km. 

ton  Km. 

Crew  wages 

29-70           3-32 

34-50 

4-08 

37-50 

4-28 

Fuel              

46-65           5-21 

18-40 

2-18 

17-30 

1-97 

Light            

0-08           0-01 

0-25 

003 

013 

001 

Lubrication 

1-43           0-16 

4-16 

0-49 

4-15 

0-47 

Cleaning 

2-32           0-26 

0-78 

0-09 

1-21 

0-14 

Small  repairs 

8-51           0-95 

12-23 

1-45 

10-53 

1-12 

Water  supply 

4-42           0-49 

0-04 

0-01 

004 

001 

93-11          10-40 

70-36 

8-33 

1 

70-91 

8-02 
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The  paper  shows  clearly  that  in  one  country,  at  any  rate,  a  very 
extensive  effort  is  being  made  to  develop  the  use  of  Diesel  loco- 
motives for  main  line  service,  and  that  the  tests,  though  not  conclu- 
sive, are  at  least  very  promising  and  show  a  marked  saving  in 
operating  cost  despite  the  fact  that  the  experiments  were  conducted 
in  a  country  and  over  a  line  where  water  is  plentiful.  In  arid  coun- 
tries or  where  the  cost  of  fuel  distribution  is  high,  the  advantages 
of  the  Diesel  engine  locomotive  would  presumably  be  much  more 
marked. 
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TUESDAY,    SEPTEMBER    25    (MORNING) 

Section  N 

INTERNAL  COMBUSTION  ENGINES 

Chairman:  Sir  Robert  Waley  Cohen,  K.B.E. 

The  proceedings  of  this  section  followed  immediately  after  those 
of  Section  E,  and  there  were  no  opening  remarks  by  the  Chairman. 

Mr.  O.  Thorn ycroft  presented  his  General  Report. 

Mr.  H.  R.  Ricardo  (Great  Britain)  who  opened  the  discussion, 
said  he  was  impressed  by  the  large  amount  of  attention  being  con- 
centrated on  the  light,  high-speed  Diesel  engine,  which  now  threat- 
ened to  invade  the  territory  held  hitherto  by  the  petrol  engine,  and 
he  raised  one  or  two  questions  in  this  connection.  In  the  first  place, 
he  asked  how  best  the  problem  of  starting  these  small  engines  was 
to  be  tackled.  There  were,  of  course,  a  number  of  ways,  such  as 
heating  the  jackets  or  air  intakes,  the  use  of  an  electrically-heated 
igniter,  or  of  a  slow  match  inserted  into  the  cylinder,  etc.,  but  none 
of  these  would  seem  to  be  wholly  satisfactory.  He  asked  what  other 
methods  were  available,  and  what  success  had  attended  them.  Apart 
from  the  starting  problem,  there  was  also  the  objectionable  smell 
from  the  exhaust  of  any  engine  using  heavy  fuel,  which  had  to  be 
coped  with.  This  smell  was  probably  due  largely  to  the  formation 
of  intermediate  products  of  combustion  in  the  thin  layer  lying  next 
to  the  cylinder  walls,  where,  owing  to  the  chilling  effect  of  the 
adjacent  surface,  combustion  was  incomplete.  The  nuisance  of  smell 
was  a  serious  objection  to  the  use  of  Diesel  engines  in  road  vehicles, 
and  it  would  be  interesting  to  learn  to  what  extent  it  could  be  over- 
come by  improvements  in  engine  design,  on  the  one  hand,  and  by 
treatment  of  the  fuel  itself  on  the  other.  Again,  Diesel  fuel  oil  was 
itself  an  objectionable  fuel  to  handle,  in  that  it  crept  over  surfaces 
and  did  not  rapidly  dry  off,  as  did  gasoline,  with  the  result  that  in 
time  the  whole  vehicle  was  liable  to  reek  of  oil  fuel.  Much  had  been 
made  of  the  reduction  in  cost  of  road  vehicle  operation  by  the  use  of 
Diesel  engines,  and  it  would  be  interesting  to  hear  the  views  of  those 
responsible  for  the  operation  of  heavy  vehicles  as  to  the  relative 
advantages  of  gasoline  and  Diesel  engines,  taking  into  account  the 
greater  difficulty  of  starting  the  latter,  the  greater  weight,  the  mess 
and  the  smell.  To  what  extent  would  the  saving  in  the  fuel  bill 
compensate  for  these? 

It  seemed  to  him  that  the  Diesel  engine  must  always  be  heavier 
than  the  petrol  engine  of  equivalent  power,  for  even  if  it  were  found 
possible  to  run  at  equally  high  speeds,  the  lower  mean  pressure, 
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and.  above  all,  the  greater  ratio  of  maximum  to  mean  pressure,  must 
always  militate  against  the  Diesel  engine.  A  high  ratio  of  maximum 
to  mean  pressure  meant  an  efficient  but,  unfortunately,  a  heavy 
engine.  To  be  fair,  one  must  compare  the  Diesel  engine  of  to-day 
with  a  contemporary  gasoline  engine.  A  modern  'bus  or  lorry 
engine  made  by  any  of  the  best  makers  in  this  country  was  capable 
of  developing  a  maximum  of  about  80  B.H.P.  at  a  speed  of  between 
2,000  and  2,500  R.P.M.;  it  had  a  brake  mean  effective  pressure  at 
medium  speeds  of  from  110  to  120  lb.  per  sq.  in.;  it  consumed 
approximately  0.5  lb.  of  gasoline  per  horse-power-hour  on  full  load; 
and  its  weight  was  from  9  to  10  lb.  per  horse  power.  Except  as 
regards  fuel  consumption,  therefore,  it  was  still  far  ahead  of  the  best 
Diesel  engine  he  had  yet  come  across. 

He  did  not  wish  to  disparage  the  light  high-speed  Diesel  engine; 
indeed,  he  was  intensely  interested  in  its  development,  and  he  was 
merely  putting  forward  questions  which  had  exercised  his  mind 
and  to  which  he  had  searched  in  vain  through  the  various  papers  for 
an  answer.  In  this  class  of  light  high-speed  engine  the  balance  was 
held  about  equally  between  what  he  termed  the  open  cyhnder  and 
those  using  a  pre-combustion  chamber.  It  seemed  to  him  that  the 
use  of  a  pre-combustion  chamber  afforded  a  ready  means  of  ensuring 
the  intermingling  of  the  fuel  and  air,  but  only  at  a  heavy  cost  in 
head  loss  during  the  passage  of  the  burning  mass  out  of  the  small 
chamber,  with  the  result  that  such  engines  were  handicapped  by  a 
dead  loss  of  efficiency  of  the  order  of  perhaps  10  or  15  per  cent.  He 
suggested,  therefore,  that  the  use  of  a  pre-combustion  chamber 
represented  only  a  passing  stage  in  the  development  of  the  heavy  oil 
engine,  as  did  the  hot  bulk  some  few  years  ago,  and  that,  like  the 
hot  bulk,  it  would  be  discarded  when  our  knowledge  was  further 
advanced. 

With  regard  to  the  application  of  exhaust-driven  turbine  super- 
chargers to  Diesel  engines,  he  said  that  the  advantages  in  increased 
power  output  were,  of  course,  obvious.  The  system  had  been  in  use 
for  aeroplane  engines  during  the  past  twelve  or  thirteen  years,  but 
had  not  proved  an  unqualified  success.  It  was  argued  by  its 
advocates  that  the  whole  of  the  energy  required  for  supercharging 
was  obtained  from  the  waste  heat  and  waste  kinetic  energy  of  the 
exhaust  gases,  and  that,  therefore,  other  things  being  equal,  an 
increased  power  output  could  be  obtained  at  the  same  efficiency,  at 
the  cost  of  no  external  work,  and  with  a  lower  specific  heat  flow  to 
the  cyhnder  wahs.  Unfortunately,  however,  things  were  not  equal. 
In  either  the  Diesel  or  gasoline  engine  the  maximum  pressure  must 
be  limited,  though  perhaps  for  different  reasons.  If  the  mean 
pressure  were  increased  by  supercharging,  without  increasing  also 
the  maximum  pressure,  the  ratio  of  expansion  and,  therefore,  the 
efficiency,  must  be  reduced  and  the  heat  flow  and  exhaust  tem- 
perature raised  thereby.  It  was  true  that  this  left  more  energy 
available  in  the  exhaust,  but  since  the  exhaust-driven  turbine  did 
no  external  work  (except  a  very  small  amount  on  the  engine  piston 
during  the  suction  stroke),  this  was  not  made  use  of.    When  the 
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system  was  applied  to  the  Diesel  engine  it  was  clear  that  a  certain 
amount  of  internal  cooling  could  be  effected  by  scavenging  through 
the  combustion  space,  which  could  not  be  done  in  the  case  of  the 
aero-engine;  but  this  could  hardly  be  such  as  to  compensate  for  the 
higher  intake  air  temperature,  which  raised  the  temperature  of  the 
whole  cycle;  still  less  could  it  compensate  for  the  greater  relative 
heat  flow  due  to  the  lower  expansion  ratio.  It  was  true  also  that  the 
mechanical  losses  were  practically  unaffected  by  the  supercharge, 
so  that  the  mechanical  efficiency  of  the  engine  increased  as  the 
power  was  increased,  but  in  a  well-designed  engine  the  advantage 
to  be  gained  thereby  would,  or  should,  be  very  small.  Taking  all  the 
factors  into  consideration,  he  could  not  understand  how  the  oft- 
repeated  claim  that  the  use  of  an  exhaust-driven  supercharger 
could  improve  the  efficiency  or  reduce  appreciably  the  specific  heat 
flow  could  possibly  be  substantiated. 

It  seemed  to  him  that  the  real  advantage  of  such  a  system  lay 
essentially  and  solely  in  the  increased  power  output  obtainable 
from  a  given  size  of  cylinder,  and  that  the  question  resolved  itself 
into  whether  the  additional  cost,  weight  and  complication  of  the 
supercharger  unit  was  less  than  that  of  a  correspondingly  larger 
engine.  The  practical  objection  to  the  application  of  this  system 
to  aircraft  was  that  it  involved  the  presence  of  long,  uncooled  ex- 
haust pipes  between  the  engine  cylinder  and  the  turbine.  This  was 
objectionable  in  an  aero  engine,  on  account  of  head  resistance  and 
increased  fire  risk.  He  would  have  thought  that  it  was  objectionable 
also  in  the  case  of  a  Diesel  engine  where  the  large,  uncooled  exhaust 
pipes  would  radiate  an  intolerable  amount  of  heat,  and  might  be 
expected  to  give  rise  to  troubles  due  to  their  expansion.  Again, 
unless  the  air  were  cooled  after  compression  in  the  turbine  unit,  the 
advantage  of  the  pressure  increase  was  much  diminished  and  the 
temperature  of  the  whole  cycle  was  raised  considerably.  This  was, 
perhaps,  less  serious  in  a  Diesel  than  in  a  gasoline  engine,  but  it  was 
none  the  less  a  formidable  difficulty,  for  the  cooling  of  a  very  large 
volume  of  air,  at  a  relatively  low  temperature,  was  no  easy  problem. 

He  was  delighted  that  the  Russians  had  had  the  courage  to  attach 
afresh  the  problem  of  the  main  line  Diesel  locomotive.  It  had  always 
appealed  to  him  that  the  internal  combustion  engine  showed  to  best 
advantage  in  applications  where  the  compactness  not  only  of  the 
engine  itself,  but  of  the  fuel  and  water  it  consumed,  were  of  first 
importance,  and  so  far  as  he  could  see,  there  was  no  field  in  which 
it  had  better  claims  than  that  of  the  railways.  Here  its  rival,  the 
steam  engine,  was  at  a  peculiar  disadvantage,  in  that  it  was  working 
non-condensing,  so  that  not  only  was  its  efficiency  low,  but  to  the 
heavy  weight  of  fuel  carried  along  there  was  added  some  ten  times 
that  weight  of  water.  He  had  never  been  able  to  understand  why, 
if  the  Diesel  engine  could  compete  with  steam  at  sea,  where  the 
latter  had  every  possible  advantage  both  in  the  way  of  large  units 
and  of  unlimited  cold  water  for  condensing,  it  should  not  be  capable 
of  sweeping  the  board  on  the  railways.  Far  too  much  mystery  was 
made  of  the  problems  peculiar  to  railway  work,  and  the  difficulty  of 
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arriving  at  a  satisfactory  transmission  system  had  been  allowed  to 
develop  into  a  regular  bogey.  We  were  told  that  the  internal  com- 
bustion engine  was  impracticable  for  locomotive  work  because  it  had 
no  starting  torque;  yet,  during  the  war,  we  had  developed  heavy 
tanks  with  a  tractive  effort  far  in  excess  of  that  of  the  heaviest 
main  line  locomotive  in  this  country,  and  had  found  no  particular 
difficulty  about  it  either.  The  Russians  were  to  be  congratulated 
wholeheartedly  on  their  courage  in  experimenting  on  so  large  and 
fearless  a  scale. 

Turning  to  gasoline  engines,  Mr.  Ricardo  said  that  a  great  deal  was 
heard  nowadays  about  the  adaptation  of  the  fuel  to  the  needs  of 
this  type  of  engine,  but  very  little  as  to  the  other  side  of  the  question. 
For  many  years  the  problem  had  been  shouldered  by  the  engineer, 
who  had  had  to  take  the  fuel  as  he  found  it  and  design  his  engine 
accordingly;  then,  all  at  once,  the  pendulum  had  swung  in  the  other 
direction,  and  in  recent  years  the  tendency  had  been  for  the 
engineer  to  say,  "here  is  my  engine,  and  it  is  up  to  the  chemist  to 
find  a  fuel  to  suit  it."  A  great  deal  was  heard  to-day  about  anti- 
knock fuels  for  the  purpose  of  increasing  efficiency,  but  he  submitted 
that  there  was  far  more  scope  available  in  the  direction  of  anti- 
knock engines  which  would  run  with  increased  efficiency  on  any  fuel. 
The  gasoline  engine  had,  perhaps,  a  rather  delicate  stomach,  but 
not  so  delicate  as  to  require  constant  dosing,  and  we  were  in  danger 
of  making  it  positively  neurotic. 

Professor  Burstall  (Great  Britain)  discussed  the  nature  of 
combustion  as  applied  to  internal  combustion  engines,  from  the 
point  of  view  of  his  own  experiments,  which  had  been  made  since 
the  war.  Engineers,  he  said,  were  prone  to  think  that  the  problems 
of  combustion  were  of  a  very  simple  character  and  were,  more  or 
less,  easily  stated;  and  he  went  on  to  describe  an  experiment  which 
showed  the  nature  of  combustion  in  a  clearer  manner  than  any 
previously  carried  out.  In  this  experiment  a  steel  sphere,  about  2  ft. 
in  diameter,  was  filled  with  a  mixture  of  air  and  the  simplest  of  the 
gases  which  could  be  used  for  combustion,  i.e.,  pure  carbon  mon- 
oxide. After  the  mixture  had  been  made  perfectly  homogeneous  by 
repeated  stirring,  it  was  ignited  from  the  centre,  and  then  both  the 
velocity  of  the  wave  as  it  spread  from  the  centre  point,  and  the 
pressure  which  was  developed  on  the  outside,  were  measured.  This 
experiment  showed  that  combustion  was  of  a  complex  character 
and  that  it  did  not  take  place  uniformly  when  the  gas  used  was 
carbon  monoxide.  On  the  other  hand,  combustion  occurred  with 
very  great  uniformity  in  the  case  of  hydrogen,  and  in  the  case  of 
marsh  gas,  and  proceeded  towards  the  wall  when  under  an  initial 
pressure  of,  say,  4  atmospheres,  with  velocities  varying  from  1  metre 
per  second  in  the  case  of  carbon  monoxide  to  20  metres  per  second  in 
the  case  of  hydrogen,  marsh  gas  lying  between  the  two. 

It  might  be  said  that  this  experiment  was  of  no  value  to  the  engine 
designer,  because  he  did  not  work  with  these  pure  gases.  With  the 
pure  gases,  however,  it  was  possible  to  make  mixtures  of  known 
strength  and  composition.    An  attempt  was  made  to  add  small 
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quantities  of  hydrogen  to  a  very  slow  burning  gas,  and  from  this 
experiment  it  appeared  that  hydrogen  acted  as  a  catalyst,  or  as  an 
accelerator  of  combustion;  a  small  percentage,  such  as  2  per  cent, 
of  hydrogen  would  speed  up  the  velocity  of  the  mixture  from  1  metre 
per  second  to  9  or  10  metres  per  second.  Moreover,  the  process  of 
combustion  was  not  uniform  in  the  case  of  carbon  gases.  It  proceeded 
steadily  up  to  about  800°C.,  it  then  appeared  to  hesitate  and  then 
went  on  again  to  somewhere  about  2,000°C.,  when  the  production 
of  the  oxides  of  nitrogen  caused  violent  changes  in  pressure  and 
temperature.  These  experimental  facts  had  been  published  in  the 
Philosophical  Magazine  during  the  past  four  or  five  years. 

He  believed  Mr.  Ricardo  would  admit  that  the  nature  of  the  com- 
bustion in  the  engine  was  the  most  difficult  of  all  the  problems  that 
the  engine  builder  had  to  deal  with.  The  results  of  one  set  of  experi- 
ments frequently  contradicted  the  results  of  the  next,  and  he  himself 
confessed  that  he  knew  absolutely  nothing  about  it;  but  he  proceeded 
to  draw  inferences  which  he  believed  were  fairly  justified. 

When  an  oil  was  used  and  was  injected  into  the  cylinder  either  by 
means  of  solid  injection  or  by  means  of  air  injection,  it  would  appear 
as  if,  before  combustion  started,  a  series  of  chemical  changes  took 
place,  and  that  the  actual  chemical  nature  of  the  fuel  changed 
vitally,  probably  producing  some  of  those  chemical  compounds 
boiling  at  30,  40  or  50'^C.,  which  were  extremely  inflammable; 
and  that  from  those  the  combustion  originally  started.  That  was 
borne  out  to  some  extent  by  the  now  obsolete  hot  bulb  engine  in 
which  the  oil  was  injected  into  the  back  of  the  heat  chamber  and  the 
explosion  spread  forward.  He  ventured  to  think,  after  much 
experimental  work,  that  to  inject  oil  entirely  by  pressure  or  air,  or 
by  a  pump,  was  not  sufficient  to  enable  reasonably  complete  com- 
bustion to  be  obtained  before  the  end  of  the  stroke.  If  one  analysed 
the  exhaust  of  a  gasoline  engine  one  would  discover  that  there  was 
always  a  fairly  reasonable  percentage  of  carbon  monoxide  present, 
but  rarely  were  there  any  traces  of  hydrogen.  In  the  case  of  the 
heavy  oil  engines  one  would  find  very  little  carbon  monoxide,  but 
a  considerable  amount  of  the  heavy  hydrocarbons  in  a  condensed 
form.  An  experiment  which  was  worth  while  was  to  lead  off  the  gases 
from  the  exhaust  of  a  heavy  oil  engine,  draw  them  off  steadily  and 
pass  them  through  tubes  immersed  in  liquid  air,  so  condensing  the 
whole  at  a  very  low  temperature,  and  one  would  find  that  a  very 
material  percentage  was  completelv  unburned,  even  at  the  moderate 
speed  of  300  or  400  R.P.M. 

Therefore,  he  ventured  to  think  that  the  engine  designers  of  the 
future  must  concentrate  their  attention  on  completing  the  com- 
bustion in  a  reasonable  time — something  like  half  a  stroke,  if  possible. 
He  agreed  that  it  was  very  difficult,  but  the  nature  of  the  internal 
combustion  engine  required  that  scientific  work  should  be  done, 
quite  apart  from  commercial  considerations.  The  difficulty  in 
engineering  was  that  so  much  of  our  work  was  done  on  materials 
of  which  we  knew  practically  nothing,  and  pure  science  was  always 
lagging  behind  its  applications  to  the  commercial  world. 

778 


DISCUSSION 

Major  E.  G.  Beaumont  (Great  Britain)  said  that  Sir  Robert 
Home's  reference  at  the  opening  meeting  of  the  Conference  to  the 
predominant  sin  of  the  century,  namely,  the  waste  of  coal,  would 
probably  convey  also  the  warning  that  we  were  committing  a  similar 
sin  in  connection  with  liquid  fuels;  and  in  spite  of  Dr.  Egloff 's  state- 
ment that  there  was  in  sight  100  years'  supply  of  fuel  for  our  motor 
vehicles,  engineers  would  feel  impelled  towards  the  adoption  of 
every  means  of  utilising  fuel  economically. 

Discussing  the  heavy  oil  automobile  engine,  he  said  that  quite 
apart  from  the  use  of  the  Diesel  engine  and  the  interesting  develop- 
ments that  were  referred  to  by  Dr.  Riehm  in  paper  N5,  it  had  been 
found  possible  already  to  use  oils  of  the  order  of  gas  oil  in  engines 
of  the  constant  volume  type  with  a  considerable  degree  of  success. 
In  this  connection  he  recalled  a  design  of  engine  introduced,  he 
believed,  in  Germany,  using  carburetting  apparatus  associated  with 
the  name  of  Schidlowski.  That  had  enabled  a  gas  oil  to  be  burned, 
petrol  being  used  for  starting  and  for  hght  load  running;  about 
50  per  cent,  of  the  total  fuel  consumed  was  in  the  form  of  gas  oil. 
There  was  also  an  engine  of  the  vaporiser  type  used  in  Italy,  he 
believed,  and  known  as  the  Vapour  Oil  Company's  engine;  and  that 
again,  in  his  personal  experience,  enabled  such  oil  to  be  consumed 
without  difficulty,  i.e.,  without  any  mechanical  difficulties  and  with- 
out any  apparent  combustion  chamber  difficulties.  There  had  been 
a  little  trouble  at  times  due  to  the  exhaust  odour,  but  he  believed 
it  was  nothing  serious,  and  nothing  which  would  compare  badly  with 
the  odour  from  many  of  the  petrol  engines  of  to-day. 

Referring  to  the  modern  developments  of  the  compression 
ignition  or  Diesel  engine  and  its  apphcation  to  road  motor  vehicles, 
he  said  there  could  be  no  doubt  that  an  engine  of  the  Diesel  type, 
with  its  high  ratio  of  maximum  to  mean  pressure,  was  essentially 
a  heavy  engine,  as  Mr.  Ricardo  had  pointed  out.  It  might  be  that 
we  could  escape  from  that  disadvantage  by  using  a  multi-cyhnder 
engine,  but  that  would  bring  with  it  an  aggravation  of  the  trouble  of 
oil  metering.  There  had  been  simphfication  in  some  directions. 
There  was  no  need  to  use  carburetting  instruments  or  ignition 
instruments;  but,  nevertheless,  they  were  replaced  by  other  things, 
which,  from  the  vehicle  user's  point  of  view,  might  be  at  least  as 
disadvantageous.  The  replacement  of  the  instruments  referred  to  by 
high  pressure  oil  metering  pumps  for  ensuring  the  proper  sub- 
division of  the  oil  charge  to  the  cylinders  of  a  multi-cylinder  engine, 
and  the  necessity  with  that  type  of  engine,  for  employing  self- 
starters, left  us  on  the  debit  side.  His  company — -theAnglo-American 
Oil  Company — were  about  to  employ  the  Mercedes-Benz  type  of 
engine,  but  he  was  sure  it  would  be  necessary  to  provide  in  the 
design  of  the  chassis  for  the  transmission  stresses  which  might  be 
expected  to  occur,  due  partly  to  the  employment  of  the  heavy 
engine  flywheel.  Moreover,  it  was  necessary  to  employ  an  electric 
starting  motor  with  that  engine,  and  a  battery  to  serve  it,  with  a 
capacity  of  about  450  Ah.  That  was  a  somewhat  bulky  addition  to 
the  chassis  accessory  details.   Nevertheless,  he  looked  forward  with 
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great  interest  to  the  employment  of  the  engine  in  order  to  ascertain 
just  what  the  possibihties  were,  and  to  encourage  the  experimental 
use  of  these  new  types,  which  would  help  towards  the  utihsation  of 
the  heavier  oils,  thereby  freeing  greater  quantities  of  the  lighter 
fractions. 

Referring  to  the  paper  by  Mr.  Ricardo  and  Mr.  Thorneycroft 
(N6),  Major  Beaumont  expressed  himself  as  being  mainly  in  agree- 
ment with  the  statement  of  the  fundamental  facts  and  limitations 
regarding  the  performance  of  the  petrol  engine.  With  regard  to  the  use 
of  anti-detonants,he  pointed  out  that  inevitably  internal  carbonisa- 
tion occurred  and  in  time  accentuated  the  tendency  to  pinking  or 
detonation,  but  the  use  of  these  substances  might  defer  considerably 
the  time  at  which  it  became  necessary  to  disturb  the  engine  in  order 
to  clean  it.  He  mentioned  that  because  it  affected  the  convenience 
of  multitudes  of  users,  and  no  doubt  Mr.  Ricardo  would  be  prepared 
to  include  that  among  the  benefits  which  the  use  of  anti-detonants 
conferred.  Our  knowledge  of  the  properties  and  action  of  these  anti- 
detonants  was  still  rather  limited,  but  nevertheless,  if  we  were 
able  to  use  comparatively  cheap  materials  for  the  improvement  of 
the  fuel,  he  hoped  there  would  be  further  discoveries  which  would 
extend  the  useful  field  of  these  materials. 

Mr.  I.  Lubbock  (Great  Britain)  expressed  gratitude  for  the 
information  contained  in  paper  N8  with  regard  to  the  use  of  Diesel 
engine  driven  locomotives  in  Russia.  He  had  been  associated,  he 
said,  with  a  good  deal  of  investigation  into  the  results  obtained  with 
Diesel  locomotives  in  various  parts  of  the  world,  and  he  believed 
that  the  advances  which  had  been  made  in  respect  of  the  use  of  the 
Diesel  locomotive  were  not  generally  appreciated.  Railways  which 
were  using  Diesel  locomotives  regularly  in  ordinary  commercial 
practice  were  the  Canadian  National  Railways,  which  had  quite  a 
number  of  Beardmore  Diesel  electric  cars,  mostly  of  the  light  type; 
the  New  York  Central  Railroad;  the  Mellersta-Sodermanlands  Rail- 
way of  Sweden,  which  had  been  using  Diesel  electric  rail  cars  since 
1913;  the  German  State  Railways;  les  Chemins  de  Fer  d' Appenzell, 
of  Switzerland;  La  Compagnie  Fermière  de  Chemins  de  Fer  Tunisiens, 
of  North  Africa;  the  Soviet  Railways;  the  Netherlands  State  Rail- 
ways; the  Buenos  Aires  Great  Southern  Railways,  which  had  placed 
orders  for  Diesel  locomotives  in  this  country,  and  the  London,  Mid- 
land and  Scottish  Railway,  which  was  carrying  out  tests  on  a  500H.P. 
Beardmore  Diesel-electric  locomotive.  The  Diesel  locomotives  on 
the  railways  mentioned  were  chiefly  of  the  rail  car  type,  and  in 
some  cases  were  light  goods  locomotives.  The  field  yet  to  be 
developed,  and  the  one  in  which  the  technical  difficulties  were 
greatest,  was  that  of  the  large  main  line  and  freight  locomotives. 
The  locomotives  used  in  Russia  were  of  about  1,000  H.P.,  and 
formed  the  stepping  stone  to  the  large  main  line  locomotive  of 
2,500  or  3,000  H.P.  He  had  tried  to  compare  the  figures  given  by 
M.  Yanoushevsky  in  paper  N8  with  figures  he  had  obtained  in 
respect  of  the  Canadian  National  Railways  and  the  Swedish  Rail- 
ways, but  could  make  no  true  comparison,  because  in  the  one  case 

780 


DISCUSSION 

the  figures  related  to  freight  trains  operating  at  a  comparatively  low 
speed,  and  in  the  other  to  trains  operating  at  high  speed,  and  the 
resistance  of  the  train  in  each  case  bore  a  different  relation  to  the 
dead  load.  Obviously,  the  costs  per  thousand  ton-miles  would  not 
be  comparable.  The  Russian  results,  however,  did  not  appear  to  be 
so  good  as  he  had  expected  they  would  be.  The  ratio  of  fuel  con- 
sumption of  steam  locomotives  and  Diesel  locomotives,  as  given  in 
the  paper,  was  4  to  1  for  the  No.  2  Diesel  locomotive,  and  4  5  to  1 
for  the  No.  3  Diesel  locomotive.  There  was  no  mention  in  the  paper 
of  the  fuel  burned  in  the  steam  locomotive,  but  he  presumed  it  was 
oil  fuel.  The  ratio  was  6  to  1  against  a  coal-burning  Icoomotive, 
weight  for  weight  of  fuel,  and  about  7  or  8  to  1  with  a  gear  type  of 
locomotive.  He  had  obtained  more  astonishing  figures  than  that  in 
practice.  It  was  necessary  to  differentiate  between  the  costs  and  the 
actual  weight  for  weight  figures.  For  instance,  in  the  Russian 
figures  the  cost  ratio  was  lower  than  the  weight  for  weight  ratio, 
because  he  presumed  a  lower  grade  fuel  was  used  for  the  steam 
locomotive  than  for  the  Diesel  locomotive,  and  that  it  was  charged 
at  a  lower  price.  The  fuel  oil  cost  for  the  Sulzer  light  rail  car  on  the 
Swiss  Railways,  weighing  66  tons  and  developing  197  H.P.,  was 
£377  for  one  year,  whereas  the  annual  coal  cost  in  the  case  of  the 
steam  locomotive  it  had  replaced  was  £1,820.  Thus,  there  was  a 
ratio,  on  a  cost  basis,  of  5  to  1  in  favour  of  oil,  and  the  weight  by 
weight  ratio  would  be  of  the  order  of  12  to  1.  That  appeared 
remarkable,  but  it  was  borne  out  by  other  results,  which  indicated 
that,  although  theoretically  the  ratio  was  in  the  region  of  6  to  1, 
actually,  due  to  other  savings  in  operations  costs,  very  much  higher 
economies  could  be  contemplated.  The  Swedish  Railways  had  found 
that,  with  coal  at  £\  per  ton  and  oil  at  £7  per  ton — these  were  1914 
figures — they  could  reduce  a  certain  type  of  coal-burning  loco- 
motive on  local  passenger  lines  by  Diesel-electric  rail  cars,  and  still 
show  a  saving  of  4.57d.  per  train  mile,  and  a  total  saving,  after 
allowing  for  interest  and  depreciation,  which  would  be  sufficient 
to  pay  for  the  Diesel  electric  cars  in  four  years.  The  development 
of  the  Diesel  locomotive,  concluded  Mr.  Lubbock,  was  worthy  of 
careful  study. 

Mr.  W.  a.  Tookey  (Great  Britain),  discussing  the  problem  of  the 
corrosion  of  exhaust  pipes  in  internal  combustion  engines,  recalled 
that  there  was  very  serious  difficulty  in  this  respect  with  the  ordinary 
gas  engine  some  twenty  or  twenty-five  years  ago.  The  corrosion 
occurred  not  while  the  engine  was  working,  but  after  it  had  ceased 
to  work,  and  when  the  condensation  began  to  trickle  down  the 
internal  walls  of  the  pipes.  The  difficulty  was  overcome,  however, 
by  draining.  If  the  bends  or  the  silencers  were  not  properly  drained, 
serious  corrosion  occurred. 

Dealing  with  the  problem  of  the  smell  of  exhaust  gases,  he  said 
the  aim,  of  course,  was  to  prevent  smell  altogether,  and  if  we  could 
get  combustion  as  perfect  as  we  were  all  hoping  to  get  it  in  time,  we 
should  find  the  smell  problem  would  become  less  important.  In 
Madrid,  with  the  summer  temperatures  prevailing,  when  witnessing 
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some  experiments  on  an  engine  upon  which  he  had  had  to  report,  he 
had  been  for  six  days  quite  near  to  the  open  exhaust  of  an  ordinary 
Ford  tractor  working  on  a  stationary  bed  with  gas  oil  and  with  oil 
produced  from  coal,  but  the  smell  was  not  objectionable;  at  any 
rate,  although  he  knew  combustion  was  not  perfect,  the  smell  was 
no  worse  than  in  ordinary  gas  engine  practice. 

On  the  question  of  design,  he  said  that  an  engine  had  been 
produced  in  the  United  States  several  years  ago  which  was  able  to 
consume  ordinary  petrols,  with  a  compression  ratio  above  6.5.  The 
whole  secret  of  it  was  that  it  had  an  extra  piston,  which,  by  moving 
2  to  1  with  the  revolution  of  the  engine,  swept  the  combustion 
chamber  walls,  and  by  so  doing  extracted  the  heat  from  these  at 
the  same  time  as  the  rings  of  the  main  piston  assisted  the  abstraction 
of  heat  from  the  walls  of  the  cylinder  proper.  It  was  a  very  rough- 
running  engine,  and,  therefore,  not  a  mechanical  success;  but  it  was 
certainly  a  success  in  so  far  as  it  enabled  the  ordinary  petrols  to  be 
used  with  the  higher  compression  ratios.  That  showed  that  by 
increasing  the  rate  of  heat  extraction  from  the  inner  wall  surfaces 
we  were  able  to  take  in  a  richer  charge  and  get  more  power,  or 
conversely  we  were  able  to  utilise  a  higher  compression  ratio  and  so 
obtain  greater  thermal  efficiency.  "Turbulence"  or  "Supercharging" 
were,  in  his  opinion,  good,  because  either  produced  cooler 
wall  skin  temperatures,  and  this  was  the  thing  that  most 
mattered. 

Dr.  G.  Egloff  (U.S.A.),  dealing  with  exhaust  pipe  corrosion, 
said  that  the  high-sulphur  oils  which  were  now  being  produced  in 
large  quantities,  particularly  in  West  Texas,  had  a  corrosive  action. 
It  had  been  found,  however,  that  if  the  pipes  were  chromium-plated 
they  would  withstand  the  corrosive  effects  of  the  hydrogen  sulphide  or 
SO2  or  SO3  at  a  temperature  as  high  as  500  deg.  C.  The  corrosive 
effect  of  the  SOg  and  SO3  when  dissolved  in  the  condensed  water,  was 
also  overcome  in  this  way.  A  16  per  cent,  chromium  steel  had  been 
found  to  be  efficacious.  It  had  also  been  found  that  a  cementitious 
material  applied  to  the  steel  surface  in  the  plastic  condition  and 
baked  on,  would  withstand  the  corrosive  effect  of  sulphur  gases 
condensed  with  water.  A  real  problem  in  the  United  States  was  the 
existence  of  a  gasoUne  specification  calling  for  one-tenth  of  1  per 
cent,  maximum  sulphur  content  in  the  gasoline.  That  specification 
was  costing  the  refiners  in  the  United  States  something  like  50  million 
dollars  per  annum,  due  to  the  refining  agents  which  had  to  be  used, 
to  the  actual  loss  of  gasohne  and  to  the  depreciation  of  the  anti- 
knock properties  of  the  gasoline.  He  was  informed  that  in  England 
there  was  no  such  thing  as  a  sulphur  specification  for  gasoline.  In 
Germany,  also,  he  had  been  told  that  there  had  been  no  such  thing 
and  that  roughly  four-tenths  of  1  per  cent,  was  the  normal.  In 
aviation  in  Germany,  however,  the  risk  of  corrosion  was  appreciated 
and  tests  had  been  carried  out  this  year,  with  the  result  that  at 
present  the  aviation  gasoline  must  not  contain  more  than  three- 
tenths  of  1  per  cent,  of  sulphur.  If  the  permissible  sulphur  content 
of  gasoline  in  the  United  States  could  be  raised  from  one-tenth  to 
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three-tenths  of  1  per  cent.,  the  refining  industry  there  would  save 
about  40  milHon  dollars  a  year. 

The  United  States  were  blessed,  or  cursed,  with  a  series  of  dopes 
for  improving  the  quahties  of  gasohne,  and  he  had  collected  about 
200  samples  of  dopes  which  had  been  marketed  there,  the  prices 
ranging  from  50  cents,  to  as  much  as  U  dollars  per  box.  The  pubhc 
were  told  to  place  one  pellet  in  a  gallon  of  petrol  and  thereby  double 
the  mileage  per  gallon.  The  following  were  samples  of  the  in- 
flammatory names  under  which  these  dopes  were  marketed: — 
Gascarets;  Castolene;  Motorginger;  Radimite;  Gascene;  Inajiffy; 
Gomor;  Lesgo;  Gaspep;  Dycopep;  Gastonic;  Electrolene;  Nulhfegas; 
Leolite;  Culco;  Car-bon-ale. 

Like  all  countries,  the  United  States  had  their  charlatans.  There 
were  some  good  anti-knock  substances  on  the  market,  however, 
particularly  lead  tetra  ethyl;  but  that  had  poisonous  properties, 
and  the  battle  with  regard  to  it  was  still  going  on.  One  anti-knock 
substance  was  placed  on  the  market  by  a  group  of  men  of  the  highest 
integrity,  and  by  means  of  an  advertising  campaign,  they  had  "put 
it  over."  He  had  used  some  in  his  own  car  before  testing  it  in  a 
laboratory,  and  had  found  that,  instead  of  decreasing  the  knock,  it 
had  actually  increase  it.  Nitro-benzine  had  also  been  marketed  at  a 
very  high  price,  but  it  was  well  known  now  that  nitro-benzine 
increased  rather  than  reduced  knock. 

Mr.  W.  a.  Whatmough  (Great  Britain)  suggested  that  the 
engineers  knew  more  about  the  actual  aspects  of  the  knock  problem 
than  did  the  chemists.  The  latter  had  done  a  great  deal  of  work  in 
finding  chemical  anti-knock  substances,  but  in  his  view  the  use  of 
chemical  anti-knock  substances  would  not  be  so  effective  in  in- 
creasing engine  efficiency  as  would  improvements  in  engine  design. 
In  Section  G  of  the  Conference  there  was  a  paper  on  the  fundamental 
aspects  of  combustion,  by  Professor  Bone,  Professor  Finch  and  Dr. 
Townend,  and  it  was  a  paper  which  was  worthy  of  a  great  deal  of 
attention,  because  the  fundamentals  of  combustion  were  vital  in 
engine  practice.  It  was  unusual  for  anyone  interested  in  industrial 
development  to  criticise  the  more  scientific  aspects  of  combustion 
chemistry.  Science  had  become  so  sectionalised  that  each  section 
could  not  see  beyond  its  own  department.  The  chemist  studied 
engine  knock  and  provided  us  with  some  theories  concerning  auto- 
oxidation;  the  physicist  looked  into  the  matter  and  suggested  that 
the  phenomenon  was  due  to  thermal  circumstances;  the  super- 
physicist  looked  into  it  further  and  found  that  its  origin  was 
connected  with  physico-chemical  activation,  i.e.,  ionisation  pheno- 
mena, during  combustion;  whilst  the  super-scientist  suggested  that 
the  fuel  molecule  happened  to  meet  with  the  right  quantum,  causing 
its  detonation.  And  so  it  went  on.  He  valued  the  paper  by  Professor 
Bone  and  his  colleagues  because  it  entered  into  all  these  different 
view-points.  When  we  could  arrive  at  a  common  understanding 
concerning  all  these  different  branches  of  science,  we  should  gain  an 
insight  into  the  problem  of  so-called  detonation.  It  was  becoming 
recognised  in  engine  circles  that  detonation  in  tubes  was  by  no 
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means  the  same  as  engine  knock.  It  was  quite  possible  to  design  an 
engine  which  would  knock  with  a  compression  ratio  of  less  than  4, 
and  another  engine  to  work  on  the  same  fuel  with  a  compression 
ratio  of  over  6.  The  only  help  which  the  scientist  could  give  in  solv- 
ing the  problem  of  engine  knock  could  be  stated  under  two  heads: 
(1)  by  the  study  of  spontaneous  ignition  temperatures,  which  were 
not  absolute,  but  relative  to  the  temperature  at  which  knock  would 
take  place  in  the  engine  and  (2)  by  the  remarkable  experiments  on 
flame  travel.  By  controlling  the  flame  travel,  involving  the  com- 
bination of  combustion  chamber  design  and  sparking  plug  position, 
it  was  possible  to  control  engine  knock.  He  had  been  running  an 
engine  with  a  compression  ratio  of  6 1  on  ordinary  petrol.  Whereas 
with  an  ordinary  engine  the  knock  was  worst  on  load,  so  that  it  was 
necessary  to  retard  ignition  on  heavy  load,  his  engine  would  take 
full  ignition  on  heavy  load.  It  had,  thus,  been  possible  by  modifying 
engine  design,  to  reverse  the  normal  procedure  of  engine  detonation. 
So  far  as  he  could  see,  if  the  engine  behaved  normally  there  was  a 
continuous  advance  of  flame  throughout  the  mixture,  and  so  long 
as  that  did  not  coincide  with  the  piston  coming  up  and  trapping  a 
portion  of  the  combustibles  in  a  heat  trap,  there  was  no  engine  knock. 
If,  however,  any  part  of  the  combustible,  after  ignition,  was  raised 
by  compression  and  generation  of  heat  to  its  spontaneous  ignition 
temperature,  then  detonation  occurred.  That  detonation  would 
occur  in  different  degrees,  from  a  so-called  mild  detonation,  which 
was  a  kind  of  roughness  of  running,  and  which  occurred  when  only 
a  small  fraction  of  the  combustible  was  detonated,  to  almost  com- 
plete detonation,  wherein  the  greater  part  of  the  charge  was 
detonated  before  the  piston  reached  the  top  of  the  compression 
stroke. 

Herr  Gercke  (Germany),  replying  to  the  discussion  on  paper 
N5,  on  behalf  of  Dr.  Riehm,  said  it  was  difficult  to  predict  at  present 
which  form  of  construction  of  the  high-speed  heavy  oil  automobile 
engine  would  be  most  successful,  because  development  was  so 
rapid.  With  regard  to  starting  the  engines,  he  said  that  no  trouble 
was  experienced  if  electric  motors  were  used,  provided  the  batteries 
were  strong  enough  to  start  the  engines  when  cold.  A  small  alcohol 
burner  was  also  provided  to  enable  a  little  heat  to  be  applied  to  the 
cold  metal  of  the  cylinder  before  starting,  but  the  engines  had  been 
started  by  electric  motors  alone.  W^ith  regard  to  the  smell  of  the 
exhaust,  there  was  room  for  compromise.  He  preferred  the  most 
simple  construction,  even  though  it  meant  that  there  was  a  pos- 
sibility of  smell.  In  Germany,  Diesel  engines  were  recommended 
for  lorries  used  for  carrying  heavy  loads  over  long  distances,  and  the 
success  of  that  practice  was  evidenced  by  the  efforts  of  the  railways 
to  fight  it. 

Finally,  Herr  Gercke  said  that  Dr.  Riehm  would  reply  further  to 
the  discussion  in  writing  if  necessar}'. 

At  the  conclusion  of  the  proceedings  a  hearty  vote  of  thanks  was 
accorded  the  Chairman,  on  the  motion  of  Professor  Burstall. 
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The  following  written  communications  have  been  received: — 

Mr.  O.  Thorn ycroft  (Great  Britain). 

We  have  learned  that  petrol  engines,  on  account  of  differences 
in  design  and  size,  vary  enormously  in  their  tendency  to  detonation. 
For  this  reason  the  highest  useful  compression  ratio  (as  limited  by 
detonation)  of  any  fuel,  has  no  more  than  a  relative  value.  There 
is  at  present  no  absolute  scale  for  evaluating  the  anti-knocking 
tendency  of  a  gasoline. 

If  we  can  find  two  pure  (and  at  the  same  time  cheap)  hydro- 
carbons, one  having  a  high  and  one  a  low  anti-knock  tendency;  then 
by  mixing  these  two  in  varying  proportions  we  have  a  variable  fuel 
which  can  be  matched  with  any  gasoline  in  existence.  With  an 
engine  of  one  of  the  types  in  which  the  compression  ratio  can  be 
varied  while  running,  I  have  found  that  fuels  can  be  matched  in  this 
way  within  an  error  of  one  twentieth  of  a  single  ratio  of  compression. 

I  have  found  that  Toluene  provides  a  good  constituent  for  the 
high  anti-knock  constituent.  Toluene  can  be  cheaply  obtained  in  a 
pure  state.  For  the  low  anti-knock  ingredient,  we,  at  present,  have 
to  use  very  expensive  substances,  such  as  pure  normal  heptane. 

If  a  cheap  hydrocarbon  could  be  substituted  for  the  low  anti- 
knock ingredient,  there  would,  I  think,  before  long,  be  universal 
acceptance  of  an  absolute  scale  of  anti-knocking  value. 

This  is  a  really  felt  want.  We  need  to  be  able  to  express  the  anti- 
knocking  tendency  of  a  fuel  as  clearly  and  as  scientifically  as  we  at 
present  express  the  density. 

Ing.  Alford  Büchi  (Switzerland).  I  wish  to  reply  to  the  remarks 
of  Mr.  Ricardo  concerning  exhaust  turbo-charging. 

I  never  argued  that  the  whole  of  the  energy  required  by  super- 
charging was  obtained  by  the  waste  heat  and  waste  kinetic  energy  of 
the  exhaust  gases.  The  thermodynamic  conditions  of  internal  combus- 
tion engines  with  exhaust  turbo  charging  are  clearly  seen  in  Fig.  1 
of  my  paper  (N3).  It  is  correct  that  when  the  maximum  combustion 
pressures  remain  equal  as  in  ordinary  Diesel  engines,  the  expansion 
ratio  will  be  smaller  in  the  case  of  the  turbo-charged  engine.  There- 
fore results  a  lower  heat  drop  of  the  expanding  gases  in  the  cylinder. 
But,  on  the  other  hand,  a  very  substantial  increase  of  the  mechanical 
efficiency  of  the  engine  takes  place.  The  losses  by  friction,  etc., 
remain  about  the  same  as  without  turbo-charging.  Therefore,  in 
proportion  to  the  increased  power,  these  losses  are  much  less.  The 
tests  made  on  all  the  many  and  different  engines  tried  out  up  to 
now  show  this  clearly.  These  facts  were  also  proved  by  the  authori- 
tative tests  of  Professor  Dr.  Stodola.  There  cannot  be  any  discussion 
about  this  item.  The  improvement  is  at  least  8  per  cent,  to  50  per 
cent,  increase  in  output.  Because  the  heat  transfer  through  the 
cylinder  walls  is  less  per  unit  of  output,  the  fuel  consumption 
decreases  also  for  this  reason.  The  decrease  in  thermal  efficiency  on 
account  of  the  smaller  expansion  ratio  does  never  reach  by  far  these 
two  amounts.  Therefore,  on  all  engines  tried,  a  material  decrease 
in  the  fuel  consumption  took  place:  177  gr.  against  186  gr.,  that  is, 
5  per  cent,  in  the  case  of  the  engine  tested  by  Professor  Stodola. 
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Even  on  a  relatively  small  and  airless  injection  engine  of  450  B.H.P., 
built  by  the  Swiss  Locomotive  and  Machine  Works,  Winterthur, 
which  was  tested  in  the  last  few  weeks,  the  fuel  consumption  could 
be  brought  down  to  164gr.,  against  172-175gr.  with  an  ordinary  air- 
less injection  Diesel  engine  of  the  same  type.  I  believe  I  am  right  in 
saying  that  such  a  low  fuel  consumption  has  never  been  reached  with 
any  ordinary  Diesel  engine  of  this  output.  It  results  out  of  the 
investigation  work  on  supercharging  by  the  author,  that  the  mean 
exhaust  pressure  in  an  ordinary  Diesel  engine  is  much  higher  than 
generally  assumed.  This  pressure  is  not  very  much  lower  than  the 
pressure  before  the  exhaust  gas  turbine  of  about  3  lb.  per  sq.  in. 
The  back  pressure  exerted  on  the  engine  is  not  so  far  different  in 
both  cases. 

The  reduction  of  the  specific  heat  flow  is  due  to  the  large  amount  of 
scavenging  air,  blown  through  the  cylinders.  This  scavenging  air  is 
very  efficient  in  cooling  the  cylinder  space  because  it  takes  place 
when  the  piston  is  at  its  top  dead  centre,  so  that  the  very  thin  com- 
pression room  and  the  hottest  of  its  parts  are  effectively  cooled. 
The  amount  of  scavenging  air  is  between  1 5  and  25  per  cent.,  the  com- 
pression room  being  only  about  8  per  cent.;  this  room  is  2-3  times 
completely  filled  with  relatively  cold  air.  There  is  no  doubt  that  this 
large  quantity  of  air  takes  out,  through  its  cooling  effect,  on  the 
inner  side  of  the  combustion  chamber,  a  large  amount  of  heat,  and 
this  heat  has  not  to  be  taken  out  by  the  cooling  water.  Professor 
Stodola's  test  figures  show  this  very  clearly,  and  also  the  difference 
in  comparison  with  the  heat  flow  in  ordinary  Diesel  engines.  Up  to 
now  no  difhculty  with  the  isolation  of  the  exhaust  pipes  has 
arisen.  It  is  quite  easy  to  prevent  the  heat  flows  from  these  pipes. 
Expansion  pieces,  stuffing  boxes  or  flexible  pieces,  can  be  easily 
inserted.  In  addition,  the  gas  pressure  is  an  extremely  small  one. 
I  do  not  agree  with  Mr.  Ricardo  that  the  effect  of  cooling  of  the  pre- 
compressed  air  will  be  a  big  one.  All  my  tests  in  this  direction  show 
that  clearly.  It  must  not  be  forgotten  that  by  cooling  the  pre- 
compressed  air,  more  air  has  to  be  compressed  in  the  blower,  the 
turbine  work  remaining  the  same.  Only  with  a  very  high  super- 
charging pressure  will  there  be  an  advantage  in  cooling  the  pre- 
compressed  air. 

I  know  that  the  use  of  turbine-driven  superchargers  on  aeroplane 
engines  has  not  proved  to  be  of  very  great  success.  I  think  that  this 
is  to  be  ascribed  to  a  disadvantageous  working  method  and  arrange- 
ment. The  problem  is  not  solved  by  only  adding  an  exhaust  gas 
turbine  to  an  internal  combustion  engine,  as  a  lot  of  factors  are  to 
be  taken  into  consideration  to  get  good  results.  The  task  is  more 
difficult  and  complex  than  is  generally  believed,  and  asks  for  a  great 
deal  of  experience.  I  am  convinced  that  on  applying  a  proper  super- 
charging and  scavenging  system,  similar  results  to  those  attained 
with  Diesel  engines  will  be  gained  also  with  aeroplane  engines. 

There  is  no  doubt  that  extended  scavenging  and  the  filling  up 
of  the  cylinders  with  clear  air,  lead  also  to  a  very  perfect  combustion 
of  the  fuel.    Up  to  the  highest  overloads  the  exhaust  gases  remain 
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invisible.  This  is  also  a  reason  for  the  reduction  of  the  fuel  consump- 
tion. I  think  that  gasoline  engine  builders  do  not  quite  realise  the 
importance  of  these  very  important  facts  for  Diesel  engines,  where 
the  fuel  is  injected  in  liquid  state  into  the  cylinders.  Here  the  fuel 
has  to  be  heated,  atomised,  e vaporised  and  distributed  equally  to 
every  part  of  the  combustion  space,  during  a  very  short  time  before 
its  combustion.  A  combustion  space  full  of  air  ensures  a  more  com- 
plete combustion  than  one  filled  partly  with  exhaust  gases,  as  is  the 
case  with  ordinary  Diesel  engines. 


787 


SECTION  O 
TRANSMISSION   OF  POWER 


Oi     PROBLEMS  OF  LONG  DISTANCE  GAS  TRANSMISSION. 

Oa     TRANSMISSION    OVER    VARIOUS    DISTANCES    OF    ENERGY 
IN  THE  FORM  OF  COAL,  COKE,  OIL,  GAS  AND  ELECTRICITY. 

"Oj     LONG  DISTANCE  GAS  TRANSMISSION. 

O4     LEGAL     CONSIDERATIONS     GOVERNING     LONG  DISTANCE 
TRANSMISSION  OF  GAS. 


THE    NUMBERS    ARE    THOSE    GIVEN    TO    EACH    PAPER 
FOR    USE    AT    THE    FUEL    CONFERENCE 


'Noi  prepared  in  time  for  presentation  at  the  Fuel  Conference 


PROBLEME    DER    GASFERNVERSORGUNG 

(PROBLEMS   OF   LONG   DISTANXE    GAS   TRANSMISSION) 
VEREIN      DEUTSCHER      INGENIEURE 

DIPL.-ING.  TRAENCKNER 

Paper  No.  Ol 

CONTENTS 

GAS    MAINS — INFLUENCE    OF    DIAMETER    AND    OF    PRESSURE    ON    THE 

ECONOMICS  OF   GAS  TRANSMISSION — BEHAVIOUR  OF  THE   GAS   IN   THE 

MAINS — ENGLISH   TRANSLATION 

Seitdem  vor  mehr  als  einem  Viertel  Jahrhundert  die  ersten  Versuche 
angestellt  worden  sind,  Gas  auf  grössere  Entfernungen  zu  trans- 
portieren, hat  sich  die  Gasfernleitung  von  Jahr  zu  Jahr  weiter  ent- 
wickelt und  ist  heute  zu  einem  wichtigen,  wenn  nicht  dem 
wichtigsten  Zweig  der  Gasindustrie  geworden.  Die  Gasfernleitung 
erst  hat  es  ermöglicht,  dem  grössten  Konkurrent  des  Gases,  der 
Elektrizität,  in  der  näheren  und  weiteren  Umgebung  der  Städte,  ja 
sogar  auf  dem  flachen  Lande,  erfolgreich  entgegenzutreten.  Durch 
die  Gasfernleitung  ist  es  möglich  geworden,  unrationell  arbeitende 
Gaswerke  stillzulegen  und  deren  Versorgungsbezirke  mit  billigerem 
Gas  zu  versorgen.  Durch  die  Gasfernleitung  ist  man  heute  in  der 
Lage,  riesige  Gasmengen,  wie  sie  in  den  Industriebezirken,  auf  den 
Kokereien  als  Nebenprodukt  anfallen,  einer  wirtschaftlichen 
Venvendung  zuzuführen.  Gerade  die  letztgenannte,  grosszügige 
Rationalisierungsmassnahme  kann  infolge  der  grossen  Gasmengen, 
die  zur  Verfügung  stehen,  nur  durch  Gasfernleitung  grössten 
Ausmasses  von  höchster  technischer  Vollkommenheit  durchgeführt 
werden.  So  kommt  es,  dass  der  Transport  von  Energie  in  Form  von 
Steinkohlengas  mit  zu  einer  der  wichtigsten  Energiefragen  geworden 
ist. 

Mit  der  Frage  der  Gasfernleitung  sind  eng  verbunden  eine  Reihe 
von  technischen  Problemen,  und  es  ist  interessant  festzustellen, 
dass  es  im  Laufe  der  Entwicklung  der  Gasfemleitung  von  niedrigeren 
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bis  zu  den  höchsten  Drücken  und  von  kleinen  zu  mittleren  und  zu 
ganz  grossen  Entfernungen  von  3,  4  und  500  km  immer  wieder 
dieselben  Fragen  technischer  und  wirtschaftlicher  Art  sind,  die 
auftauchen,  und  es  lohnt  sich,  die  Hauptprobleme  einmal  kurz 
zusammenzustellen. 

Die  folgenden  Ausführungen  beschränken  sich  lediglich  auf  die 
Frage  des  Transportes  von  Steinkohlengas,  da  die  Verhältnisse  für 
die  Fernleitung  von  Erdgas,  wie  sie  in  Amerika  und  Siebenbürgen 
vorliegen,  teilweise  ganz  andere  sind.  Es  soll  auch  nicht  erwogen 
werden,  ob  und  in  weichem  Falle  ein  Gasfernbezug  wirtschaftlicher 
ist  als  die  eigene  Erzeugung,  sondern  im  Rahmen  dieses  Aufsatzes 
sollen  nur  die  technischen  Probleme  des  eigentlichen  Gastransportes 
interessieren. 

Die  mit  dem  Gastransport  zusammenhängenden  wichtigsten 
Probleme  lassen  sich  in  drei  Gruppen  einteilen: 

1.  Fragen,  die  die  Leitung,  also  das  Material  der  Leitung, 
Verbindungen,  Isolierung  usw.  betreffen. 

2.  Fragen,  die  sich  beschäftigen  mit  dem  Einfluss  des  Druckes 
und  des  Durchmessers  auf  die  Wirtschaftlichkeit  der 
Fortleitung. 

3.  Fragen  betreffs  des  Verhaltens  des  Gases  in  der  Rohr- 
leitung selbst. 

Leitung. — In  dem  Masse,  wie  die  örtliche  Ausdehnung  des 
Rohrleitungsnetzes  vor  sich  ging,  war  die  Gastechnik  gezwungen, 
sich  eingehend  mit  der  Verbesserung  und  Vervollkommnung  ihrer 
Leitungen  zu  beschäftigen.  Dies  ist  ihr  umso  leichter  geworden,  als 
nicht  allein  für  sie  dieses  Problem  immer  mehr  an  Bedeutung  zunahm, 
sondern  auch  andere  Industriezweige,  nicht  zuletzt  die  Dampftech- 
nik, auf  zielbewusste  Arbeit  in  dieser  Richtung  angewiesen  waren. 
Der  Erfolg  bUeb  diesen  Bemühungen  nicht  versagt.  Wenn  Oechel- 
häuser^  im  Jahre  1911  über  die  Gasversorgung  unter  höherem  Druck 
sagt:  "Sie  ist  für  alle  Drücke  bis  20  Atm.  und  darüber  mit  allen 
Details  der  Rohrleitung,  Verbindung,  Regulatoren  und  Brenner 
seit  Jahren  gelöst.  Die  grösseren  Gefahren  bei  Undichtigkeiten, 
Rohrbrüchen  und  dergl.  sind  durch  Legen  von  schmiedeeisernen 
und  Stahlrohren  im  Gasfach  bei  uns,  in  England  und  in  Amerika 
schon  längst  und  mindestens  ebensoweit  überwunden,  wie  bei  der 
Hochspannung  der  Elektrizität,"  so  gilt  dies  für  heute  in  noch 
viel  höherem  Masse. 

^Journ.  f.  Gasbel.  u.  Wasservers.,  S.  148. 
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Solange  für  den  Rohrleitungsbau  nur  Muffenverbindungen,  mit 
Teerstrich,  Bleiwolle,  Asbest  oder  Gummi  gedichtet,  zur  Verfügung 
standen,  war  der  Gastransport  auf  grössere  Entfernung  immer  noch 
mit  Schwierigkeiten  verbunden.  Besonders  der  mit  dem  Alter  der 
Leitung  steigende  Gasverlust  beeinträchtigte  die  Sicherheit  und 
Wirtschaftlichkeit  nicht  unerheblich.  Nachdem  wir  aber  jetzt  über 
ein  Material  verfügen,  das  dank  der  glänzenden  Entwicklung  der 
Schweisstechnik  durch  autogene  oder  elektrische  Schweissung 
verbunden  werden  kann,  stehen  einem  Ausbau  der  Gasfernleitung 
in  grösstem  Masstabe  keinerlei  Hindernisse  mehr  entgegen.  Das 
Problem  der  Rohrleitung  kann  heute  als  vollkommen  gelöst  be- 
trachtet werden.  Fast  in  allen  Ländern  werden  die  Rohrstrecken 
in  gleicher  Weise  und  gleichem  Material  ausgeführt,  und  es  finden 
sich  nur  noch  geringe  LTnterschiede.  Verbesserungen,  die  neuerdings 
noch  in  dieser  Richtung  herausgebracht  werden,  sind  mehr  oder 
weniger  von  untergeordneter  Bedeutung. 

Das  für  Hochdruckleitung  geeignetste  Material  ist  der  Flusstahl, 
dessen  chemische  und  Festigkeitseigenschaften  aus  Tabelle  I 
hervorgehen. 


Chemische  Eigenschaften: 

»lHLENTAFEL  I. 

Gehalt  an: 

Phosphor     < 

0,04% 

Schwefel      < 

0,05% 

Kohlenstoff 

0,08-0,12% 

Mangan 

0,4-0,5% 

Silicium 

0,02-0,03% 

Festigkeitseigenschaften: 

Zugfestigkeit 

34-41    kg/mm^ 

Streckgrenze 

22  kg/mm2  im  Mittel 

Dehnung     > 

25%  (28-30%) 

Die  Flusstahlrohre  werden  von  den  deutschen  Röhrenwerken  von 
300  mm  bis  zu  den  grössten  Durchmessern  mit  einer  wassergas- 
geschweissten  Längsnaht  und  nahtlos  von  den  kleinsten  Durch- 
messern bis  neuerdings  500  mm  ^  geliefert.  Härteres  Material  ist 
im  allgemeinen  mit  Rücksicht  auf  die  Schweissnaht  und  auch  auf 
die  bei  der  Verlegung  auszuführenden  Schweissungen  nicht  ange- 
bracht. 

Die  Frage,  welche  Art  der  Schweissung,  autogene  oder  elektrische, 
für  die  Verbindung  der  einzelnen  Rohre  zu  wählen  ist,  kann  trotz 
zahlreicher  Forschungen  nicht  klar  beantwortet  werden.  Die 
Wirtschaftlichkeit  des  einen  oder  anderen  Verfahrens  hängt  zum 
grossen  Teil  von  der  örtlichen  Lage  der  Leitung  ab.  Sollten  in  der 
Güte  der  nach  beiden  Verfahren  hergestellten  Schweissnähte  Unter- 
schiede vorhanden  sein,  so  sind  sie  sicher  nur  gering  und  treten 
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gegenüber  dem  Einfluss  der  persönlichen  Eignung  des  Schweissers 
zurück. 

Vorbedingung  für  eine  gute  Rohrleitung  ist  also  vor  allem  ein 
gutes  Schweisspersonal,  das  nach  Möglichkeit  in  Schweisserschulen, 
wie  sie  in  Deutschland  jetzt  zahlreich  eingerichtet  werden,  ausge- 
bildet worden  ist. 

Für  die  Schweissverbindung  der  einzelnen  Rohre  mit  einander  sind 
in  den  letzten  Jahren  die  mannigfaltigsten  Vorschläge  gemacht 
worden.     Abbildung  1  zeigt  eine  Reihe  derartiger  Schweissmuffen. 


normale  5chtreil>mffenrertiindung 


stumpfe  5chwei/inrbindun^ 
I ■ 1 


itnnger'xhe  iahweifimuHtmerbindum) 


Hlàpper'idie  Verbindung 

f 1 


r 


Klopfer  sehe    Kujelmuffe 


Manneimann  5chwetfi(nufle 


ihiliiche  5àtweili»trbmdunf 

I ^ 1 

Kuntze  5chiteiliverbindanf 

Kunlze  SdUfeiliverbindunf 
RWi  5</tiveitverbinàung. 


fiW6  Stumpf ■  Schx/eißyerbmdunf 

SchweiHferbindung  uon  Bellecourt 

I ^ 1 

Abb.    1.     Schweissverbindungen. 

Von  besonderem  Interesse  ist  die  Klöpperve. bindung.  Diese 
Muffe  wird  neuerdings  in  Deutschland  sehr  viel  benutzt  und  bei 
den  umfangreichen  Rohrleitungsarbeiten  der  Aktiengesellschaft 
für  Kohleverwertung,  Essen,  in  grossem  Masse  angewandt.  Sie 
hat  den  Vorteil,  dass  alle  Kräfte,  die  in  der  Richtung  der  Rohrachse 
wirken,  nicht  von  der  Schweissnaht  selbst  aufgenommen  werden, 
sondern  von  der  Umbördelung,  die  aus  dem  Material  selbst  besteht. 
Dabei  ist  die  Muffe  gegen  Kräfte  senkrecht  zur  Rohrachse  sehr 
nachgiebig.  Vor  Inangriffnahme  der  Rohrverlegungsarbeiten  sind 
von  der  A.G.  für  Kohleverwertung  Versuche  mit  derartigen  Muffen 
angestellt  worden,  deren  Ergebnisse  hier  kurz  zusammengefasst 
werden  sollen. 
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Zwei  Rohre  von  8  m  Länge,  500  mm  ^  und  7  mm  Wandstärke 
wurden  mit  verschiedenen  Muffen  zusammengeschweisst.  Die 
Rohre  wurden  dann  auf  2  Unterstützungspunkte,  die  einen  Abstand 
von  15,7  m  hatten,  gelagert,  und  die  Mitte  des  Rohres  (Schweisstelle) 
mit  3  050  kg  belastet.  Tabelle  II  zeigt  die  Ergebnisse  der  Durch- 
biegungsversuche. 

ZAHLENTAFEL  IL 
Versuchsergebnisse  : 


Gewicht  eines  Rohres  Q 
Durchmesser  (I.Weite)  ^ 
Abstand  von  Mitte  Lager  bis  Mitte 

Lager  1 
Widerstandsmoment  W 

Beanspruchung  kj 


Q=  1450  kg 
=    500  mm 

=       15,7  m 
W=2  348  cm» 

_(P+Q/2)  1/4 

^*-  W 


Durchbiegung 

Durchbiegung 

Versuchs- 

Muffenart 

in    mm    bei 

in   mm   nach 

kj 

Nr. 

Belastung 

Entlastung 

1 

normale       j 
Schweiss-     [ 

44,0 

10 

635  kg/cm^ 

muffe            1 

2 

Tyssenmuffe 

36,5 

nicht   gemessen 

635     „     „ 

3 

Strenger- 

muffe 

44,5 

9 

635     „     „ 

4 

Klöpper- 

muffe 

112,0 

67,5 

635     „     „ 

Es  geht  klar  daraus  hervor,  dass  die  Klöppermuffe  entschieden  die 
nachgiebigste  von  allen  ist. 

Es  war  nun  weiterhin  interessant  festzustellen,  ob  trotz  der  Durch- 
biegung die  Klöppermuffe  dicht  geblieben  war.  Zu  diesem  Zweck 
wurde  die  Muffe  aus  dem  Rohr  herausgeschnitten,  an  beiden  Enden 
ein  Deckel  aufgeschweisst,  und  der  so  entstandene  Behälter  mit 
Wasser  abgedrückt.  An  der  durch  die  Durchbiegeprobe  ent- 
standenen Eindrucksstelle  der  gegenüber  liegenden  Rohr-  bezw. 
Muffenseite  und  zwischen  diesen  beiden  Stellen  waren  im  Abstand 
von  335  mm  Körner  eingeschlagen,  um  die  Längsbewegung  der 
verschiedenen  Rohrteile  messen  zu  können.  Tabelle  III  zeigt  die 
Versuchsergebnisse . 

Bis  zu  einem  Druck  von  20  Atm.  war  also  die  Muffe  dicht  geblieben, 
und  es  konnte  keine  Längenänderung  festgestellt  werden.  Die 
Längsdehnung  begann  erst  bei  einem  Druck  von  30  Atm.,  und 
Undichtigkeit  trat  erst  ein,  nachdem  ein  Druck  von  50  Atm.  längere 
Zeit  auf  dem  Rohr  stand,  und  zwar  platzte  die  Klöppermuffe  an  der 
Stelle  auf,  die  bei  dem  Durchbiegeversuch  belastet  war  (Eindruck- 
stelle).    Am    Umfang   wurde   nach    dem   Versuch    eine    bleibende 
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Dehnung  von  10  mm  gemessen.  Die  Bruchstelle  lag  nicht  in  der 
Schweissnaht,  sondern  im  Material  der  Umbördelung.  Die  Blech- 
stärke an  der  Bruchstelle  wurde  mit  6  mm  gemessen.  Die  Ver- 
suchsreihe hat  gezeigt,  dass  das  Rohr  beim  Abdrücken  bestrebt  war, 
sich  wieder  gerade  zu  biegen. 

ZAHLENTAFEL  IIL 
Versuchsergebnisse 


Wasserdruck 

Längsdehnung 

Zunahme  des  Rohr- 

Bemerkung 

in  Atm. 

links 
mm 

oben    rechts 
mm       mm 

umfanges  in  mm 

20 

ca. 

- 

Muffe  und 

Schweissnaht 

dicht 

30 

2/10 

2/10      2/10 

ca.  2/10 

dto. 

40 

5 

5            5 

2  bleibend 

dto. 

bleibend 

50 

Muff 

e     zerrissen 

10  bleibend 

— 

Die  bei  diesen  Versuchen  festgestellten  Eigenschaften  machen  die 
Klöppermuffe  besonders  geeignet  für  Gebiete,  in  denen  mit  Boden- 
bewegung gerechnet  werden  muss. 

Von  besonderem  Wert  ist  auch  die  Kugelmuffe  (Abb.l),  da  es  mit 
ihr  möglich  ist,  Richtungsänderungen  von  ca  6^  ohne  Verwendung 
von  Krümmern  herzustellen. 

Wenn  auch  die  Leitung  so  tief  in  die  Erde  verlegt  werden  soll, 
dass  ein  sogenanntes  Arbeiten  der  Leitung  nicht  zu  erwarten  ist, 
so  wird  sich  der  Einbau  von  Dehnungsmuffen,  wie  sie  Abb.  1  auch 
zeigt,  nicht  umgehen  lassen,  obwohl  ja  jede  einzelne  Dehnungsmuffe 
wieder  mehr  oder  weniger  das  Auftreten  von  Undichtigkeiten 
begünstigt.  Bei  scharfen  Krümmungen  der  Leitungen  in  Berg- 
baugebieten, und  besonders  beim  Anschluss  von  Schiebern  sollten 
deshalb  immer  Dehnungsmuffen  vorgesehen  werden.  Die  Kon- 
struktion von  Schiebern,  Regleranlagen,  und  sonstigen  Armaturen 
ist  allgemein  bekannt,  sodass  hier  nicht  näher  darauf  eingegangen 
zu  werden  braucht. 

Irgendwelche  durch  natürliche  Bodengestaltung  gegebenen  Hinder- 
nisse bestehen  für  die  Rohrleitung  nicht  mehr,  nachdem  bei  der 
Verwendung  von  Rohrbrücken  und  Dückern  die  umfangreichsten 
Erfahrungen  gesammelt  worden  sind.  Die  Abb.  2  zeigt  einen 
Dücker  durch  den  Rhein,  der  bereits  1917  vom  Rhein. -Westf. 
Elektrizitätswerk  verlegt  worden  ist  und  seit  der  Zeit  störungsfrei 
arbeitet.     Dieser  Dücker  mit  einer  Länge  (Luftlinie)  von  501,9  m 
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stellt  U.W.  die  grösste  derartige  Kreuzung  eines  strömenden  Gewäs- 
sers in  Europa  dar. 

Ein  nicht  unwesentlicher  Faktor  für  die  Haltbarkeit  und 
Betriebssicherheit  der  Leitung  ist  der  Schutz  gegen  Korrosion  und 
vagabundierende  Ströme.  Die  Rohrisolationen  bestehen  im  all- 
gemeinen aus  einer  Stoffumkleidung  und  einer  darunter  aufge- 
brachten Schicht    Isoliermasse.     Als  Stoffumkleidung    war  bisher 


Abb.  2.     Dücker  durch  den  Rhein. 

imprägnierte  Jute  üblich,  doch  sind  neuerdings  in  Deutschland  mit 
einer  bestimmten  Wollfilzpappe  die  besten  Erfahrungen  gemacht 
worden,  sodass  man  in  der  letzten  Zeit  zu  dieser  übergegangen  ist. 

Die  Isoliermasse  muss  in  ihren  chemischen  und  physikalischen 
Eigenschaften  ganz  bestimmten  Anforderungen  genügen,  und  zwar 
muss  sie  undurchlässig  für  Wasser,  säurebeständig  und  nicht  leitend 
für  den  elektrischen  Strom  sein.  Diese  Eigenschaften  darf  sie  auch  im 
Laufe  der  Zeit  auf  keinen  Fall  verlieren.  Aus  diesem  Grunde  ist 
z.B.  eine  Isoliermasse,  die  allmählich  verharzt  und  spröde  wird, 
unbrauchbar,  da  das  Wasser  durch  die  sich  bildenden  Risse  dann 
Zugang  zum  Rohrmaterial  gewinnt.  Das  Auftragen  der  Masse  muss 
so  erfolgen,  dass  eine  Bildung  von  Bläschen  nicht  möglich  ist,  da 
sonst  unter  Umständen  der  Angriff  unter  der  Deckschicht  stattfindet, 
ohne  dass  er  von  aussen  bemerkt  wird. 

Die  mechanische  Festigkeit  der  Rohrisolierung  soll  ausserdem  so 
sein,  dass  besonders  beim  Verlegen  der  Rohre  in  steinigem  Gelände 
beim  Zuwerfen  der  Gräben  eine  Beschädigung  der  Isolierung 
ausgeschlossen  wird.  Bei  dieser  Gelegenheit  sei  auf  die  ausgezeichne- 
ten Ausführungen  von  Besig  im  Jahre  1913^  hingewiesen,  sowie  auf 
diejenigen  von  1927.^  Zahlreiche  Versuche  über  die  Eignung  von 
Rohrschutzmitteln  sind  bereits  im  Jahre  1909  von  Robert  B.  Harper* 
veröffentlicht  worden. 


*GWF  1913,  S.  49. 
«GWF  1927,  S.  52. 
*Americ.  Cias  Light  Journ. 
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Noch  ziemlich  ungeklärt  ist  das  Problem  einer  weitgehenden 
Sicherung  der  Leitung  gegen  Erdströme.  Besig  schreibt  (a.a.O.) 
hierüber:  Eine  wirksame  Verminderung  der  Rohrströme  lässt  sich 
durch  Drosselung  mittels  isolierender  Rohrverbindung  erreichen. 
Diese  müssen,  um  an  den  Trennstellen  grössere  Spannungen  zu 
verhindern,  in  genügender  Zahl  und  nicht  zu  grossen  Abständen  von 
einander  eingebaut  werden.  Um  die  isolierenden  Verbindungen 
gegen  störende  Einflüsse  des  Erdbodens  zu  schützen  und  ihre 
Wirkung  jederzeit  prüfen  zu  können,  empfiehlt  sich  der  Einbau  in 
leicht  zugänglichen  und  gegen  Eindringen  von  Wasser  geschützten 
Schächten. 

Eine  einfache  Konstruktion  dieser  Flanschenisolierung  besteht  in 
der  Anordnung  eines  etwa  8  mm  dicken  Ringes  aus  gutem  Para- 
weichgummi  zwischen  zwei  Rohrflanschen.  Der  Ring  muss 
genügend  breit  sein,  um  metallische  Berührungen  der  Flanschen 
sicher  verhindern  zu  können.  Die  Flanschen  Verbindungsschrauben 
müssen  von  den  Flanschen  ebenfalls  isoliert  sein,  zu  welchem 
Zwecke  etwa  4  mm  dicke  Buchsen  aus  Gummi  oder  anderen  Isolier- 
stoffen und  ausserdem  am  Kopf  und  Mutterende  der  Schrauben 
ebenso  dicke  isolierende  ünterlagsscheiben  einzulegen  sind.  Doch 
werden  von  anderer  Seite^  gegei^  einen  derartigen  Schutz  Bedenken 
geäussert,  da  Kautschuk  in  Kohlenwasserstoffen  löslich  ist,  ausser- 
dem aus  dem  Gas  Schwefelaufnahme  erfolgt,  die  schliesslich  zum 
Hart-  und  Brüchigwerden  derartiger  Verbindungen  führen  muss. 

Ist  eine  Rohrleitung,  in  der  Art,  wie  sie  eben  beschrieben  ist, 
verlegt,  so  ist  eigentlich  das  technisch  mögliche  Maximum  an 
Sicherheit  erreicht.  Es  ist  aber  zu  bedenken,  dass  die  Leitung  noch 
allen  möglichen  höheren  Gewalten,  wie  Erdbewegungen  und 
ähnlichem  und  ausserdem  noch  persönlichen  Eingriffen,  die  in 
verbrecherischer  Absicht  ausgeführt  werden,  ausgesetzt  sein  kann. 
So  hat  man  durch  weitere  Massnahmen  versucht,  die  Leitung  auch 
in  dieser  Hinsicht  so  weitgehend  wie  möglich  zu  schützen.  Zu 
diesem  Zweck  wird  gleichzeitig  mit  der  Leitung  ein  Kabel  verlegt. 
Ein  Teil  der  Adern  ist  für  ein  Betriebstelephon  bestimmt,  mit  dem 
die  längs  der  Leitung  verteilten  LTeberwachungsstellen  mit  einander 
und  gleichzeitig  mit  der  Zentralüberwachungsstelle  verbunden  sind. 
Der  andere  Teil  der  Aderpaare  dient  zur  Uebermittlung  der  auto- 
matischen Messungen  von  Druck,  Gasmenge,  und  evtl.  Heizwert. 
Grössere  Undichtigkeiten  in  der  Leitung  werden  sich  dann,  wenn  sie 
nicht   von   den   einzelnen   L'^eberwachungssteUen   bereits   gemeldet 

«Monatsbull.  1926,  Seite  375. 
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werden,  durch  anormalen  Druckabfall  in  der  Leitung  bemerkbar 
machen.  Der  betreffende  Abschnitt,  in  dem  die  Undichtigkeit 
hegt,  wird  leicht  durch  die  einzelnen  Druckmessungen  festgestellt; 
daraufhin  kann  die  Gaszufuhr  dorthin  abgesperrt  werden.  Eine 
Zerstörung  des  Kabels  wird  natürlich  auch  sofort  bemerkt  werden. 
Erhöht  wird  die  Sicherheit  noch,  wenn  eine  Reihe  von  Leitungs- 
strängen zur  Verfügung  steht,  die  in  gewissen  Abständen  mit  einander 
verbunden  sind,  sodass  es  ohne  weiteres  möglich  ist,  wenigstens  für 
kurze  Zeit  die  Gasförderung  eines  Stranges  über  eine  andere  Strecke 
umzuschalten.  Der  Anschluss  von  mehreren  Erzeugungsstellen 
endlich  an  ein  derartiges  Netz  bringt  eine  Sicherheit  der  Gasfernver- 
sorgung, wie  sie  nach  menschlichem  Ermessen  besser  nicht  erreicht 
werden  kann. 

EINFLUSS  DES  DURCHMESSERS  UND  DES  DRUCKES  AUF  DIE  WIRT- 
SCHAFTLICHKEIT DER  Fortleitung. — Den  Berechnungen  über  die 
Wirtschafthchkeit  der  Gasfortleitung  hegen  zunächst  Berechnungen 
des  Druckes  und  des  Druckverlustes  in  einer  Leitung  mit  gegebenem 
Durchmesser,  mit  gegebener  Länge  und  gegebener  Fördermenge 
zu  Grunde.  Das  hierfür  zur  Verfügung  stehende  Formelmaterial 
ist  so  zahlreich,  und  die  neueren,  mit  diesen  Formeln  angestellten 
Versuche  verhältnismässig  noch  so  unvollkommen,  dass  eine  end- 
gültige Klärung  des  Problems  noch  nicht  erreicht  ist.  Es  würde 
aber  zu  weit  führen,  die  Richtigkeit  bezw.  Genauigkeit  der  von 
den  einzelnen  Forschern  aufgestellten  Formeln  hier  näher  zu 
erläutern.  Es  soll  genügen,  wenn  wir  heute  feststellen  können,  dass 
für  die  praktische  Anwendung  eine  Anzahl  von  Formeln  zur  Ver- 
fügung steht,  bei  denen  eine  genügende  Uebereinstimmung  der 
Rechnungsergebnisse  mit  den  tatsächlichen  Förderverhältnissen 
erreicht  wird.  Der  Verein  Deutscher  Gas-  und  Wasserfachmänner^ 
hat  als  Normen  für  die  Berechnung  der  Druckverluste  die  von 
Prof.  Biehl  aufgestellten  Formeln  angenommen.  Die  später 
angeführten  Rechnungen  sind  auch  mit  diesen  Formeln  durch- 
geführt. 

Die  Kosten  der  Fortleitung  von  Gas  setzen  sich  aus  den  folgenden 
Posten  zusammen: 

1.  Kapitaldienst  der  Leitung. 

2.  Kapitaldienst  der  Kompressoranlage  und  Messeinrichtung. 

3.  Kraftkosten. 

4.  Betrieb  der  Kompressorstation. 

5.  Betrieb  der  Leitung. 
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6.  Verwaltung 

7.  Steuern. 

8     Sonstige  jährliche  Abgaben,  wie  Wegeabgabe  usw. 

Die  Bedeutung  der  einzelnen  Posten  ist  nicht  für  jede  Planung 
dieselbe,  ändert  sich  doch  schon  der  Kapitaldienst  der  Leitung  in  dem 
Masse,  wie  eine  Abschreibung  beabsichtigt  ist.  Wenn  auch  im  all- 
gemeinen im  Gasfach  mit  einer  Abschreibung  der  Leitungen  während 
30  Jahren  gerechnet  wird,  so  kann  doch  aus  finanziellen  oder 
ähnlichen  Gründen  eine  kürzere  Abschreibungszeit  erwünscht  sein. 
Dasselbe  gilt  für  den  Kapitaldienst  der  Kompressorstation.  Auch 
die  Kraftkosten,  die  sich  ja  mit  dem  benötigten  Anfangsdruck 
ändern,  werden  bei  gleichem  Druck  verschieden  sein,  je  nachdem 
ob  man  elektrischen  Antrieb  oder  Dampfantrieb  verwendet  und  je 
nach  der  örthchen  Lage  der  Kompressorstation,  durch  die  ja 
erhebUche  Unterschiede  in  den  Kosten  für  Dampf  und  Strom  verur- 
sacht werden  können.  Auch  der  Betrieb  der  Kompressoren  hängt 
nicht  nur  ab  von  der  Fördermenge,  sondern  auch  von  der  Grösse 
der  Einheiten  und  dem  Anfangsdruck  des  Gases.  Dagegen  kann 
der  Betrieb  der  Leitung  als  völlig  eindeutig  angenommen  werden, 
da  er  in  der  Hauptsache  nur  von  der  Länge  der  Leitung  abhängt, 
während  Verwaltung,  Steuern  und  sonstige  jährhche  Abgaben 
bei  jedem  Unternehmen  und  in  jedem  Lande  verschieden  sein 
werden. 

Durch  die  Aufstellung  und  Errechnung  dieser  Kosten  wird  man  also 
für  einen  speziellen  Fall  ziemKch  genau  die  Fortleitungskosten  des 
Gases  errechnen  können,  und  auch  die  Auswertung  der  Rechnungen 
für  verschiedene  Förderverhältnisse  zu  Kalkulationszwecken  kann 
als  hinreichend  genau  betrachtet  werden. 

Um  für  jeden  einzelnen  Förderfall  nicht  die  ziemlich  umfangreiche 
Aufstellung  neu  vornehmen  zu  müssen,  ist  es  erwünscht,  sie  noch 
etwas  zu  vereinfachen.  Man  wird  dann  den  Betrieb  der  Kompresso- 
ren ausdrücken  entweder  als  Funktion  der  Fördermenge  oder  als 
Funktion  der  Kompressorbaukosten,  den  Betrieb  der  Leitung  sowie 
Wegeabgabe  als  Funktion  der  Leitungslänge,  die  Verwaltung  als 
Funktion  der  Gasfördermenge  oder  des  Leitungskapitals.  Die 
Steuern  ergeben  sich  allgemein  aus  den  Kapitahen.  Es  genügen 
also  zur  Beurteilung  der  Kosten  eines  Förderfalles  die  Angaben 
über  Länge  der  Leitung,  Durchmesser,  Fördermenge  und  den 
dadurch  bedingten  Anfangsdruck. 

Rechnet  man  nun  die  Förderkosten  von  verschiedenen  Gasmengen 
auf  eine   Entfernung  von    10   km   aus,   nimmt  dabei  verschiedene 
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Durchmesser  an  und  trägt  auf  der  Abszisse  die  Fördermenge  in 
Millionen  cbm  und  auf  der  Ordinate  die  Förderkosten  auf,  so  kommt 
man  ungefähr  zu  dem  Bild,  wie  es  Abb.  3  zeigt.  Die  Darstellung 
zeigt  deutlich,  dass  bei  einem  Transport  von  100  Mill,  cbm  auf  eine 
Entfernung  von  10  km  ein  Durchmesser  von  600  mm  am  wirtschaft- 
lichsten ist,  während  bei  einer  Fördermenge  von  200  Mill,  cbm  ein 
Durchmesser  von  800  mm  und  900  mm  gleich  wirtschafthch  ist. 
Man  wird  in  dem  letzteren  Falle  praktisch  einen  Durchmesser  von 
850  mm  wählen. 

Legt  man  um  diese  Kurvenschar  die  Umhüllungskurve,  so  zeigt 
diese  Kurve  die  Förderkosten  verschiedener  Gasmengen  auf  eine 
Entfernung  von  10  km  bei  Anwendung  des  jeweils  wirtschaftlichsten 
Durchmessers  an. 

Wirfschaßchkeit  vffs(hiedener  Ourdimesser 
bei  einem  Gastransport  auf  10l<m. 
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Abb.   3. 
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Stellt  man  diese  Kurvenschar  nun  auch  für  andere  Entfernungen 
auf,  so  ergibt  sich  das  Bild,  wie  es  Abb.  4  zeigt.  Es  sind  dabei  nur 
die  Umhüllungskurven  der  Kurvenscharen  von  10-100  km  ein- 
gezeichnet und  die  Schnittpunkte  der  einzelnen  Durchmesserkurven 
mit  einander  verbunden.  Das  Kurvensystem  wird  so  in  einzelne 
Zonen  eingeteilt,  innerhalb  deren  je  ein  Durchmesser  jeweils  der 
wirtschaftlichste  ist.  Zur  Beförderung  von  300  Mill,  cbm  auf 
eine  Entfernung  von  50  km  ist  danach  ein  Durchmesser  von 
800  mm,  dagegen  auf  einer  Entfernung  von  90  km  ein  Durch- 
messer von  600  mm  zu  wählen. 

Die  fast  horizontal  verlaufenden  gestrichelt  eingezeichneten  Kurven 
sind  die  Verbindungslinien  gleicher  Drucke,  sodass  aus  dem 
Schaubild  auch  gleichzeitig  mit  einiger  Genauigkeit  der  für  das 
wirtschaftHchste  Förderverhältnis  anzuwendende  Druck  ersichtlich 
ist. 

c26  801 


TRANSMISSION  OF  t'OWER 

Die  in  den  beiden  Tafeln  gezeigten  Verhältnisse  stimmen  natürlich 
nur  solange,  als  das  Verhältnis  zwischen  Leitungskosten  und 
Kompressionkosten  dasselbe  bleibt.  Tritt  eine  Verbilligung  des 
Leitungsmaterials  ein,  oder  z.B.  eine  Erhöhung  der  Kohlenkosten 
und  damit  der  Dampfkosten,  so  wird  sich  das  Bild  sofort  verschieben. 

Bei  den  Berechnungen  ist  ferner  angenommen,  dass  der  Enddruck 
des  Gases  nur  wenig  mehr  als  1  ata  beträgt.  Es  können  in  der 
Praxis  aber  nun  sehr  wohl  Fälle  eintreten,  die  es  erfordern,  dass  am 

Verschiebung  des  wirtschafihcMen  Durchmessers 
bei  einem  Gastransporf  von  JOOkmLeifungslange 
undwirhchaftlichôtem  Anjangsdrvck. 
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Abb.  4. 

Ende  der  Leitung  ein  höherer  Druck  vorhanden  ist.  Unter  diesen 
Umständen  verschiebt  sich  das  Bild  natürlich  auch.  In  Abb.  5  sind 
die  Verhältnisse  dargestellt  für  den  Gastransport  auf  10  km  Entfer- 
nung und  verschiedenem  Enddruck  des  Gases.  Die  unterste 
Kurve  ist  also  wiederum  die  Umhüllungskurve  der  Abb.  3  und 
zeigt  die  Förderverhältnisse  wieder  bei  einem  Enddruck  von  1  ata, 
während  die  anderen  Kurven  die  Förderverhältnisse  wiedergeben  bei 
einem  Enddruck  von  2-6  ata.  Ist  z.B.  bei  einem  Enddruck  von  1  ata 
und  einer  Fördermenge  von  100  Mill,  cbm  noch  ein  Durchmesser  von 
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Ô00  mm  am  wirtschaftlichsten,  so  beträgt  dieser  bei  einem  Enddruck 
von  4  ata  bereits  nur  noch  400  mm. 

In  der  Praxis  werden  nun  aber  die  Transportverhältnisse  meist 
nicht  so  einfach  liegen,  wie  sie  für  die  Berechnungen  angenommen 
worden  sind.  Vor  allen  Dingen  wird  verhältnismässig  selten  der 
Fall  eintreten,  dass  die  gesamte  Abnahme  des  Gases  erst  am  Ende 
der  Leitung  erfolgt,  sondern  das  Gas  wird  in  vielen  Fällen  an 
verschiedenen  Punkten  der  Leitung  entnommen  werden.  Dadurch 
ändert  sich  aber  der  notwendige  Anfangsdruck  und  damit  auch  die 
wirtschaftlichen  Verhältnisse,  sodass  die  eben  angeführten  Berech- 
nungen nicht  einmal  annähernd  dafür  zutreffen.    Die  Berechnungen 

Verschiebung  des  wlrtschafflichsten  Durchmessers 
bei  einem  Gastransport  yon  Wkm  L&hjngslànge 
undbei[nddrùcl<er)  t^on  1-6 Atmosphären  abs. 
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Abb.    5. 

der  Wirtschaftlichkeit  in  diesem  Falle  wird  dann  teilweise  so  kom- 
pliziert, dass  sie  sich  nicht  mehr  in  einfachen  Schaubildern  darstellen 
lässt.     Deshalb  nur  ein  Beispiel: 

Von  einer  bestimmten  Fördermenge  soll  die  Hälfte  bereits  im 
Verlaufe  des  ersten  Zehntels  der  Leitung  entnommen  werden,  die 
andere  Hälfte  am  Ende  der  Leitung.  Aus  den  oben  gezeigten 
Abbildungen  geht  hervor,  dass  für  die  Beförderung  von  grossen 
Fördermengen  auf  nahe  Entfernungen  ein  verhältnismässig  grosser 
Durchmesser  und  entsprechend  niedriger  Druck  wirtschaftlich  ist, 
während  für  dieselbe  Menge  auf  weitere  Entfernung  ein  höherer 
Druck  und  kleiner  Durchmesser  wirtschaftlich  ist.  Würde  man 
nun  in  dem  genannten  Fall  das  gesamte  Gas  auf  einen  Druck  bringen. 
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der  genügte,  um  die  Hälfte  der  Menge  bis  zum  Ende  der  Leitung  zu 
befördern,  so  würde  die  erste  Hälfte,  die  schon  früh  im  ersten  Teil 
der  Leitung  abgenommen  wird,  mit  hohem  Druck  zur  Verfügung 
stehen.  Dieser  Druck  müsste  dann  nutzlos  vernichtet  werden, 
kurz  die  Unwirtschafthchkeit  hegt  zu  Tage. 

In  einem  derartigen  Fall  kann  man  sich  helfen,  und  zwar  mit 
einem  Mittel,  das  einen  weiteren  wichtigen  Faktor  in  der  Wirtschaft- 
lichkeit der  Gasfernleitung  darstellt,  der  Zwischenkompression. 
Man  wird  also  die  Gesamtmenge  mit  verhältnismässig  niedrigem 
Druck  durch  ein  Rohr  von  grossem  Durchmesser  befördern  und  an 
der  Stelle,  an  der  die  erste  Hälfte  des  Gases  abgenommen  ist,  eine 
Zwischenkompression  einrichten,  die  die  2.  Hälfte  auf  einen 
Druck  bringt,  der  zur  Beförderung  dieser  Menge  bis  zum  Ende  der 
Leitung  mit  dem  wirtschafthchsten  Durchmesser  erforderlich  ist. 

Der  Grenzfall  für  die  Zwischenentnahme  verschiedener  Mengen 
wäre  der,  dass  längs  der  ganzen  Leitung  das  Gas  gleichmässig 
abgenommen  wird,  und  man  könnte  denken,  dass  es  für  diesen 
Fall  das  wirtschaftlichste  wäre,  im  Verlaufe  der  ganzen  Leitung  in 
möglichst  engen  Abständen  Zwischenkompressionen  einzubauen. 
Hierbei  sei  auf  die  ausführlichen  Arbeiten  von  Banky^  anlässlich  der 
Verlegimg  der  Gasfernleitung  in  Siebenbürgen  hingewiesen,  die  im 
Jahre  1916  veröffentlicht  worden  sind.  Wenn  auch  zur  Beförderung 
einer  bestimmten  Menge  bei  Zwischenkompressionen  eine  geringere 
Verdichterarbeit  geleistet  werden  muss,  als  wenn  die  gesamte 
Menge  nur  am  Anfang  der  Leitung  komprimiert  würde,  so  werden 
doch  in  der  Praxis  die  Verhältnisse  meist  so  liegen,  dass  am  Anfang 
der  Leitung  die  Kosten  für  die  Kraft  geringer  sind  als  im  Verlaufe 
der  Leitung,  und  weiterhin  die  gesamten  Kosten,  die  durch  die 
Anlage  der  einzelnen  Zwischenkompressoren,  Bedienung  derselben 
usw.  entstehen,  höher  sein  werden,  als  die  der  Anfangskompression. 
Es  ist  also  ratsam,  in  derartigen  Fällen  sich  nicht  ohne  weiteres 
auf  theoretische  Erwägungen  zu  verlassen;  das  Optimum  der 
Fortleitungskosten  muss  vielmehr,  wie  gesagt,  für  jeden  Fall 
rechnerisch  genau  ermittelt  werden. 

Verhalten  des  Gases  in  der  Rohrleitung. — Bereits  bei  den 
ersten  Fernleitungen,  die  in  Europa  angelegt  wurden,  erhob  sich 
die  Frage,  ob  das  Gas  durch  die  Fortleitung  bezw.  den  Druck,  auf 
den  es  gebracht  werden  muss,  nicht  irgendwelchen  Veränderungen 
unterliegt.  Damals  spielte  die  Leuchtkraft  noch  eine  grosse  Rolle, 
und  man  befürchtete,  dass  durch  Kondensation  ein  Teil  der  im  Gas 
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enthaltenen  Kohlenwasserstoffe  in  Wegfall  käme,  und  die  Leucht- 
kraft sich  dadurch  verminderte.  Es  wurden  daraufhin  von  hervor- 
ragenden Gasfachleuten  verschiedene  Gutachten  ausgearbeitet,  die 
durchweg  eine  Veränderung  der  Leuchtkraft  bei  den  damals  in 
Betracht  kommenden  Drücken  verneinten. 

Als  man  aber  dazu  überging,  längere  Entfernungen,  also  auch  andere 
Drücke  anzuwenden,  ergaben  Versuche,  dass  tatsächlich  eine  geringe 
Abnahme  der  Leuchtkraft  festgestellt  werden  konnte.  Eine 
Wiederholung  dieser  Versuche  im  Sommer  (die  ersten  waren  im 
Winter  angestellt)  zeigte  aber,  dass  die  Leuchtkraft  des  Gases  an 
der  Abnahmestelle  um  ein  geringes  höher  war,  als  am  Gaswerk.  Es 
hatten  sich  also  tatsächlich  in  der  Leitung  bei  den  niedrigeren 
Temperaturen  im  Winter  Kohlenwasserstoffe  kondensiert  und  waren 
dann  durch  die  hohe  Temperatur  im  Sommer  wieder  verdampft. 
Inzwischen  haben  sich  aber  die  Verhältnisse  insofern  vollkommen 
verschoben,  als  die  Anforderungen  an  die  Beschaffenheit  des  Gases 
heute  ganz  andere  sind.  Die  Leuchtkraft  ist  keine  wichtige  Eigen- 
schaft mehr,  und  die  Kohlenwasserstoffe,  wie  Benzol,  Xylol  und 
deren  Homologen,  werden  an  der  Erzeugungsstelle  auf  möglichst 
rationelle  Weise  gewonnen,  dem  Gas  also  entzogen.  Eine  Verände- 
rung der  Eigenschaften  des  Gases  durch  die  Fortleitung  bezüglich 
dieser  Stoffe  kommt  also  nicht  mehr  in  Frage. 

Trotzdem  ist  das  Problem  der  Kondensation  stets  von  neuem 
aufgerollt  worden,  sobald  man  in  der  Gasfernleitung  zu  höheren 
Drücken  überging.  Als  in  den  letzten  Jahren  besonders  in  Deutsch- 
land der  Gedanke  auftauchte,  den  Ferntransport  von  Leuchtgas  mit 
Drücken  von  20  und  30  Atm.  durchzuführen,  war  der  Anlass  gegeben, 
die  Frage  der  Kondensation  auch  hinsichtlich  dieser  Drücke  noch- 
mals eingehend  zu  untersuchen. 

Ganz  allgemein  kann  flüssige  Ausscheidung  durch  Temperatur- 
erniedrigung und  durch  Druckerhöhung  eintreten.  Kondensation 
wird  also  immer  eintreten,  wenn  im  unkomprimierten  Gas  der 
betreffende  Dampf  in  einer  solchen  Menge  enthalten  ist,  dass  unter 
Berücksichtigung  des  Verhältnisses  des  Enddruckes  zum  Anfangs- 
druck im  komprimierten  Gas  der  Partialdruck  (Taupunkt  bei  der 
betreffenden  Temperatur)  überschritten  wird. 

Von  den  im  Leuchtgas  enthaltenen  Bestandteilen  kommen  für 
die  Kondensation  nur  die  sogenannten  schweren  Kohlenwasser- 
stoffe in  Betracht,  über  deren  Zusammensetzung  wenig  bekannt  ist. 
Von  Bunte  und  Kammüller  (Karlsruher  Gasinstitut)  sind  in  der 
letzten  Zeit  Untersuchungen  über  die  Zusammensetzung  der 
schweren  Kohlenwasserstoffe  des  Karlsruher  Stadtgases  angestellt 

805 


TRANSMISSION  OF  POWER 

und  in  diesem  Zusammenhang  auch  gleichzeitig  die  Verhältnisse 
betreffs  Kondensation  behandelt  worden.  Die  umfassende 
Mitteilung  hierüber  befindet  sich  im  GWF,  1928,^  der  kurz 
die  wichtigsten  Ergebnisse  entnommen  seien. 
Das  von  den  Verfassern  aus  dem  Karlsruher  Stadtgas  ausgefrorene 
Gemisch  zeigte  Siedegrenzen,  wie  sie  in  Tabelle  IV  angeführt  sind: 
ZAHLENTAFEL  IV. 


ledegrenzen 

g  in  einem  m^'  G 

33-   41°C    

1,2 

55-  75°C    

0.5 

75-  83°C    

2.8 

83-  90°C    

2.4  5,9 

90-100°C 

0,7 

100-105°C    

0,3 

105-1 13°C    

1,2 

113-120°C    

0.1 

120-130X 

0,1 

130-142°C    

0,2 

142-155X 

0,2 

I55-163°C    

0,15 

Rest            

0,15 

Da  eine  Identifizierung  der  einzelnen  Körper  nicht  möglich  war,  man 
aber  annehmen  kann,  dass  die  Tensionen  von  Körpern  annähernd 
gleicher  Siedepunkte  wenigstens  der  Grössenordnung  nach  überein- 
stimmen, sind  die  Tensionen  einer  Anzahl  Körper,  die  im  Steinkohlen- 
teer, also  auch  unter  Umständen  im  Leuchtgas,  enthalten  sind,  in 
Tabelle  V  aufgeführt. 

Beim  Vergleich  der  beiden  Tabellen  ergibt  sich,  dass  im  Leuchtgas 
diese  Stoffe  in  Konzentrationen  auftreten,  die  selbst  bei  hoher 
Kompression  eine  Kondensation  nicht  erwarten  lassen.  Für 
den  Gehalt  eines  Leuchtgases  an  Naphtahn,  wie  er  durchschnittlich 
vorhegt,  trifft  dies  aber  nicht  zu,  wie  später  ausführlich  noch  darge- 
stellt werden  soll. 

Eine  rechnerische  Ermittlung  der  Verhältnisse  ist  nicht  möglich, 
da  es  sich  hierbei  um  mischbare  Flüssigkeiten  handelt  und  sich  die 
Kenntnis  der  Dampfdrücke  binärer  Gemische  auf  nur  wenige 
Gemische  von  2  Körpern  beschränkt.  Für  eine  so  grosse  Anzahl 
mischbarer  Flüssigkeiten,  wie  sie  die  Kohlenwasserstoffe  des 
Stadtgases  darstellen,  sind  aber  die  Gesetzmässigkeiten  nicht 
einmal  der  Grössenordnung  nach  bekannt. 

Um  die  praktischen  Erfahrungen  über  Kondensatbildung  einmal 
übersichtlich  zusammenzustellen,  ist  dann  vom  Gasinstitut  (Litera- 
turstelle siehe  oben)  eine  Umfrage  an  alle  in  Deutschland  bestehen- 
den Ferngaswerke  gerichtet  worden.  Ein  Vergleich  der  Mitteilung 
dieser  Werke  über  Kondensatbildung  ist  allerdings  nicht  so  ohne 

«GWF  1928,  Seite  25. 
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Siedepunkt  | 

Sättigungs- 

Mol. 

Bei  Sättigung 

Körper 

760  mm 

druck  bei   10° 

Gew. 

in    1    m^    Gas 
10°  760  mm  g. 

Schwefelkohlenstoff 

46 

196 

76 

845 

Cyclopentadien    ... 

41 

(200) 

66 

(750) 

Hexan 

69 

75 

86 

365 

Acetonitril 

79 

(40) 

71 

(90) 

Benzol 

80,4 

44 

78 

198 

Thiophen 

84 

84 

Tetrahydrobenzol 

83 

(40) 

82 

(185) 

Heptan     ... 

98 

20 

100 

113 

Toluol 

111 

12 

92 

67 

Pyridin 

117 

8 

79 

36 

Pyrrol 

133 

(4) 

67 

(15) 

Aethylbenzol 

134 

4 

106 

24 

Pizolin 

135 

(4) 

93 

(20) 

Xylole 

139 

2,66 

106 

16 

Lutidin      ... 

143 

(2) 

107 

(10) 

Styrol        

145 

(2) 

104 

(10) 

Mesitylen 

164 

(0,8) 

120 

(5) 

Methylpyridin     ... 

165/68 

121     ) 

120     [ 

Pseudocumol 

168 

(0,7) 

(5) 

Cumaron  ... 

169 

118     ) 

Dicyclopentadien 

170 

(0.6) 

132 

(4,5) 

Inden 

178 

(0,3) 

116 

(2) 

Anilin 

184 

(0,15) 

93 

(0,8) 

Phenol 

282 

(0,2) 

94 

(I.O) 

o-Kresol    ... 

187 

(0,1) 

108 

(0,75) 

Benzonitril 

196 

(0,08) 

103 

(0,4) 

Toluidine 

197/99 

(0,07) 

107 

i           (0,4 

Naphtalin 

218 

0,621 

128 

;           (0,15) 

Chinolin    ... 

239 

(0,02) 

129 

:           (0.15) 

weiteres  möglich,  da  die  einzelnen  Werke  ja  mit  den  verschiedensten 
Drücken  arbeiten.  Trotzdem  hat  sich  durch  die  Umfrage  heraus- 
gestellt, dass  alle  bisher  gefundenen  Kondensate  zum  grossen  Teil 
aus  Wasser,  Oel  und  Naphtalin  bestehen.  Dabei  setzt  sich  das  Oel 
nicht  etwa  aus  Bestandteilen  des  Leuchtgases  zusammen,  sondern 
ist,  wie  die  analytische  Untersuchung  ergeben  hat,  Kompressorenoel, 
das  vom  Gas  mitgerissen  wurde  und  sich  in  den  kälteren  Teilen  der 
Leitung  wieder  kondensiert  hatte. 

Die  eigentliche  Veranlassung  zu  diesen  Feststellungen  war 
dadurch  gegeben  worden,  dass  man  befürchtete,  bei  den  in  den 
Leitungen  herrschenden  hohen  Drücken  Störungen  durch  die 
Ausscheidung  von  Naphtalin  zu  bekommen.  Diese  Bedenken 
gründen  sich  auf  die  Schwierigkeiten,  die  die  meisten  Gaswerke  mit 
dem  Naphtalin  haben,  das  sich  in  feiner,  blättchenförmiger  Verteilung 
in  ihren  Leitungen  absetzt  und  in  der  Lage  ist,  ein  noch  so  grosses 
Rohr  binnen  kurzem  vollkommen  zu  verstopfen. 
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Welche  Erfahrungen  hegen  nun  bei  den  einzelnen  Fernleitungen 
hinsichtlich  der  Naphtalinabscheidung  vor?  Tatsache  ist  es,  dass 
in  Fernleitungen  die  Naphtahnabscheidung  meistens  mit  keinerlei 
Schwierigkeiten  verknüpft  ist.  Wenn  trotzdem  hier  und  da  von 
Störungen  berichtet  wird,  so  handelt  es  sich  dabei  stets  um  Fälle, 
in  denen  mit  sehr  niedrigem  Druck  gearbeitet  wird.  Schon  bei 
Drücken  von  1-2  atü  geht  die  Naphtalinabscheidung  ohne  jede 
Schwierigkeit  vor  sich.  Um  dies  zu  erklären,  sei  kurz  auf  die 
Verhältnisse  der  Gasfernleitungen  des  Rhein. -Westf.  Elektizitäts- 
werkes  eingegangen. 

Eine  besondere  Naphtalinreinigung  des  Gases  findet  dort  nicht 
statt,  sondern  man  begnügt  sich  mit  der  normalen  Reinigung,  die 
durch  eine  gut  geleitete  Benzolfabrik  erreicht  wird.  Dabei  wird 
natürhch  bei  weitem  nicht  eine  Befreiung  des  Gases  von  Naphtalin 
erreicht,  wie  sie  entsprechend  dem  Druck,  der  im  Netz  herrscht 
(2-3  ata),  erfolgen  müsste,  um  eine  Abscheidung  des  Naphtalins  in 
der  Rohrleitung  zu  vermeiden.  Durchschnittlich  enthält  das  Gas 
am  Eintritt  der  Femleitung  15-20  g  pro  100  cbm,  am  Ende  der  Leitung 
beträgt  der  Naphtahngehalt  nur  noch  0,3  g/100  cbm.  Rechnet  man 
damit,  dass  das  Gas  in  bestimmten  Leitungsabschnitten  eine  Tempera- 
tur von  0°  hat  und  unter  einem  Druck  von  3  ata  steht,  so  errechnet 
sich  der  Naphtahngehalt  aus  der  Tensionstabelle  des  Naphtahns  zu 
ca.  1,67  g  pro  100  cbm,  da  bei  einem  Druck  von  760  mm  und  0° 
der  Tension  ein  Gehalt  von  5  g  pro  100  cbm  entspricht.  Vergleicht 
man  diesen  errechneten  Gehalt  mit  dem  Anfangs-  und  dem  Endge- 
halt des  Gases  an  Naphtalin,  so  ergibt  sich,  dass  innerhalb  der 
Leitung  nicht  nur  eine  Abscheidung  entsprechend  der  Tension  des 
Rein-Naphtalins  stattgefunden  haben  kann,  sondern  noch  darüber 
hinaus  eine  viel  weitgehendere  Abscheidung  vor  sich  gegangen  sein 
muss. 

Untersuchungen  über  die  Naphtalinausscheidung  haben  dies 
bestätigt.  Die  Abscheidung  des  Naphtalins  findet  innerhalb  der 
ersten  2  km  der  Leitung  statt,  und  zwar  nicht  in  Form  dünner 
Blättchen,  sondern  als  feste  Kruste  an  den  Rohrwandungen.  In  den 
Wassertöpfen  befindet  sich  ein  öliges  Kondensat,  das  ebenfalls  viel 
Naphtalin  enthält.  Während  sich  also  durch  den  Druck  und  die 
erste  Temperaturemiedrigung  die  Hauptmenge  des  Naphtahns 
ausscheidet,  findet  bei  weiterer  Senkung  der  Temperatur,  wie  sie 
im  Verlaufe  der  Leitung  erfolgt,  eine  Kondensation  des  im  Gas 
dampfförmig  enthaltenen  Kompressorenöles  statt,  und  damit  ist 
gleichzeitig  eine  Auswaschung  des  restlichen  Naphtalins  verbunden. 
Der  Naphtahngehalt  des  Gases  am  Ende  der  Leitung  entspricht 
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daher  nicht  der  Tension  des  reinen  Naphtalins  bei  0*^,  sondern  der 
bedeutend  geringeren  Tension  des  Naphtahns  aus  dem  Kompres- 
sorenöl  bei  gleicher  Temperatur.  Die  betreffende  Leitung  des 
Rhein. -Westf.  Elektrizitätswerkes  ist  bereits  1912  in  Betrieb 
genommen  und  erst  im  Jahre  1924  zum  ersten  Mal  ausgedämpft 
worden.  Trotz  einer  ununterbrochenen  Betriebsdauer  von  über 
10  Jahren  und  einer  Fördermenge  von  rund  20  Millionen  cbm  pro 
Jahr  war  der  Naphtalinansatz  so  gering,  dass  er  keinerlei  Störungen 
verursachte.  Die  Ausdampfung  der  Leitung  stellt  gewissermassen 
nur  eine  Vorsichtsmassregel  dar. 

Man  sieht  also,  dass  bei  diesen  Verhältnissen  durch  die  Abscheidung 
des  Naphtalins  keinerlei  Schwierigkeiten  entstehen.  Trotzdem  hat 
man  verschiedentlich  versucht,  das  Gas  vor  dem  Eintritt  in  die 
Fernleitung  so  weitgehend  von  Naphtalin  zu  befreien,  dass  eine 
Abscheidung  in  der  Leitung  nicht  mehr  möglich  ist. 

Bei  einem  Patent  von  Lenze  vom  9.11.28^  wird  dies  durch  Tief- 
kühlung des  Gases  versucht. 


Qasunterkùhlung,  Patent  Lenzt 
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I  tefkyhler 
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Abbildung  6  zeigt  ein  Schema  dieses  Verfahrens.  Die  heissen 
Destillationsgase  treten  direkt  von  der  Koksofenbatterie  mit  etwa 
250°  in  den  Destillationskessel,  destillieren  dort  Ammoniakgas  aus 
konzentrierter  Lauge  unter  Druck  ab  und  verlassen  den  Kessel 
mit  etwa  80°.     Im  anschliessenden  Reutterkühler  werden  sie  mit 

»DRP  457264. 
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Wasser  auf  indirektem  Wege  bis  auf  20°  bis  25°  gekühlt.  Im 
Tiefkühler  wird  das  Gas  dann  mit  Ammoniakwasser  von  etwa 
0-2°C  intensiv  gewaschen  und  auf  eine  Temperatur  von  etwa 
0°C  gebracht.  Das  Ammoniak  wird  dadurch  vollständig 
aus  dem  Gas  ausgewaschen,  und  der  Naphtalingehalt  sinkt  auf 
4-6  g  pro  100  cbm.  Ist  für  die  Fernleitung  des  Gases  ein  höherer 
Leitungsdruck  erforderlich,  so  kann  die  Tiefkühlung,  in  diesem  Falle 
also  Tiefkühler  und  Skrubber,  hinter  den  Kompressoren  in  die 
Druckleitung  eingeschaltet  werden.  Der  Naphtalingehalt  stellt 
sich  dann  ebenfalls  auf  4-6  g/100  cbm  komprimierten  Gases.  Das 
ausgewaschene  Naphtalin  setzt  sich  in  der  Naphtalinscheidegrube 
als  dunkles  Oel  ab,  das  ca.  60-75°o  festes  Naphtalin  und  40-25% 
Leichtoel  mit  einem  Siedepunkt  von  140-180°C  enthält.  Die 
Funktion  der  Nebenapparaturen,  der  Kreislauf  für  das  Kältemedium 
und  andere  Einzelheiten  gehen  aus  der  Skizze  klar  hervor,  sodass 
sich  eine  nähere  Erklärung  erübrigt. 

Das  Verfahren  hat'also  den  Vorteil,  dass  es  vom  jeweiligen  Leitungs- 
druck unabhängig  ist,  doch  dürften  die  Betriebskosten  und  vor  allem 
die  Anlagekosten  reichlich  hoch  sein.  Das  Verfahren  ist  bereits  in 
der  Form,  wie  es  das  Schema  zeigt,  als  Grossanlage  in  Deutschland 
im  Betrieb. 

Interessant  ist  ferner  ein  Verfahren  der  Gesellschaft  für  Lindes 
Eismaschinen.  1"  Das  Koksofengas  wird  darnach  zunächst  von  Teer 
und  Ammoniak  gereinigt,  dann  auf  einen  Ueberdruck  von  3-6  atm 
komprimiert  und  die  Kompressionswärme  durch  Kühlwasser 
entfernt.  Das  Gas  darf  jedoch  nur  bis  auf  40°  abgekühlt  werden. 
Bei  dieser  Temperatur  soll  sich  dann  der  Hauptanteil  des  Naphtalins 
zusammen  mit  dem  Kompressorenoel  ausscheiden.  Zur  voll- 
ständigen Befreiung  des  Gases  vom  restlichen  Naphtalin,  Benzol 
und  sonstigen  Kohlenwasserstoffen  wird  es  auf  Tieftemperatur 
gekühlt,  und  zwar  durch  die  Kälte,  die  bei  der  Entspannung  des 
Gases  selbst  entsteht.  Die  Abscheidung  des  Naphtalins  wird  also 
hierbei  sowohl  durch  den  Druck,  als  auch  durch  die  niedrige 
Temperatur  erzielt.  Ueber  eine  Anwendung  in  der  Praxis  ist  bisher 
nichts  bekannt.  Es  ist  auch  fraglich,  ob  sich  dieses  Verfahren 
speziell  für  die  Gasfernleitungen  eignet. 

Besonders  nahe  liegt  es,  die  Abscheidung  des  Naphtalins  unter 
denselben  Bedingungen,  wie  sie  in  der  Leitung  erfolgt,  in  eine 
Apparatur  vor  die  Leitung  zu  verlegen.  Dies  ist  der  Fall  bei  einem 
Verfahren,  das  erst  in  allerletzter  Zeit   ausgearbeitet    worden  ist 

"Deutsche  Patentanm.  v.  22.12.27. 
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und  im  Grundprinzip  auf  einer  Auswaschung  des  Naphtalins  mit  Oel 
unter  Druck  bei  zunächst  hoher  und  dann  aUmähUch  sinkender 
Temperatur  beruht.  Geringere  Anlagekosten  und  ein  Minimum 
von  Betriebskosten  sind  die  Vorteile  dieses  Verfahrens.  Leider  ist 
es  heute,  besonders  aus  patentrechtlichen  Gründen,  noch  nicht 
möglich,  Einzelheiten  dieses  Verfahrens  zu  bringen. 

Man  sieht,  dass  auch  das  Problem  der  Naphtalinabscheidung  in  den 
Rohrleitungen  unter  höherem  Druck,  soweit  dabei  von  Schwierig- 
keiten überhaupt  die  Rede  sein  kann,  einer  endgültigen  Lösung 
entgegengeht. 

Dies  sind  in  kurzen  Zügen  die  3  Hauptprobleme  der  Gasfernleitung. 
Wenn  sich  auch  im  grossen  und  ganzen  bereits  ihre  Lösungen 
gefunden  haben,  so  sind  doch  noch  eine  Reihe  von  untergeordneten 
Fragen  zu  klären,  Verbesserungen  anzubringen,  kurz  eine  Unmenge 
von  Kleinarbeit  zu  leisten.  Mit  Rücksicht  auf  die  Bedeutung,  die 
die  Gasfernleitung  in  den  letzten  Jahren  gewonnen  hat,  wäre  daher 
ein  Austausch  der  Erfahrungen  und  Betriebsergebnisse,  wie  sie  in 
den  einzelnen  Ländern  heute  schon  vorliegen,  besonders  wertvoll. 


PROBLEMS    OF    LONG-DISTANCE    GAS   TRANSMISSION 
Dipl.   Ing.   Traenckner 

(english  translation) 

The  first  attempt  to  transmit  gas  over  considerable  distances  was  made  more 
than  a  quarter  of  a  century  ago,  and  since  that  period  the  long-distance 
transmission  of  gas  has  developed  steadily  and  has  now  become  an  important — ■ 
if  not  the  most  important — branch  of  the  gas  industry.  Long-distance  gas 
transmission  has  for  the  first  time  made  it  possible  successfully  to  compete  with 
the  most  serious  rival  of  gas,  namely,  electricity,  in  the  immediate  and 
wider  surroundings  of  town  and  even  in  the  open  country.  Long-distance 
gas  transmission  has  enabled  gas  works  which  were  being  run  at  a  loss  to  be 
closed,  and  cheaper  gas  to  be  supplied  to  the  districts  which  they  previously 
served.  It  has  also  rendered  it  possible  to-day  to  find  a  commercial  outlet  for 
enormous  quantities  of  gas  which  are  produced  in  industrial  districts  as  a 
by-product  of  coke  ovens.  The  latter  large-scale  economic  reorganisation,  in 
particular,  can  only  be  developed  with  the  highest  degree  of  technical  complete- 
ness by  means  of  the  long-distance  transmission  of  gas,  in  consequence  of  the 
very  large  quantities  of  gas  which  are  available.  In  the  position  which  has  so 
arisen  the  transport  of  energy  in  the  form  of  coal  gas  has  become  one  of  the 
most  important  factors  in  the  distribution  of  power. 

A  number  of  technical  problems  are  closely  associated  with  the  question  of 
the  long-distance  transmission  of  gas,  and  it  is  interesting  to  note  that  in  the 
course  of  its  development  from  low  pressures  to  the  highest  pressures,  and  from 
small,  through  medium,  to  very  great  distances  of  300,  400  or  500  Km.,  the 
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same  technical  and  economic  problems  continually  reappear,  and  it  is  worth 
while  to  summarise  the  main  problems  which  occur. 

The  following  considerations  are  essentially  confined  to  the  question  of  the 
transport  of  coal  gas,  as  the  conditions  which  occur  in  the  long-distance 
transmission  of  natural  gas,  for  example,  in  America  and  in  Transylvania,  are 
in  many  respects  quite  different;  nor  do  we  propose  to  consider  here,  whether 
and  when  a  long-distance  supply  of  gas  is  more  economical  than  production  on 
the  spot,  but  we  propose  to  confine  ourselves  in  this  paper  simply  to  the 
technical  problems  of  the  actual  transmission  of  gas. 

The  most  important  problems  associated  with  the  transmission  of  gas  may 
be  divided  into  three  groups,  as  follows: — 

1.  Problems  connected  with  the  gas  mains,  such  as  the  constructional 
material  of  the  mains,  the  connections,  insulation  and  so  forth. 

2.  Problems  relating  to  the  influence  of  pressure  and  diameter  of  the  main 
on  the  economics  of  gas  transmission. 

3.  Problems  relating  to  the  behaviour  of  the  gas  within  the  main  itself. 

Gas  Mains 

With  the  geographical  extension  of  gas  transmission  systems,  gas  engineers 
were  forced  to  consider  in  detail  the  improvement  and  perfection  of  their 
mains.  The  development  of  the  subject  was  made  more  easy  by  the  fact  not 
only  that  this  problem  was  of  steadily  increasing  importance  to  the  gas  industry 
itself,  but  also  that  other  branches  of  industry — including,  more  particularly, 
the  steam-raising  industry — were  forced  to  undertake  systematic  work  on  the 
subject.  These  endeavours  met  with  success.  In  1911  Oechelhäuser^  wrote 
as  follows  on  high-pressure  gas  supply: — "This  (problem)  was  solved  years  ago 
for  all  pressures  up  to  20  atmos.  and  over,  including  all  details  of  the  mains, 
connections,  governors  and  burners.  The  more  serious  dangers  due  to  leakage, 
fractures  of  pipes  and  so  forth  have  been  solved  in  this  country  (Germany),  in 
England  and  America,  long  ago  by  the  use  of  wTought  iron  and  steel  tubes 
in  the  gas  industry,  and  have  been  overcome  to  at  least  the  same  extent  as 
similar  difficulties  relating  to  the  high- voltage  transmission  of  electric  current." 
This  expression  of  opinion  is  true  to  a  much  greater  extent  to-day. 

As  long  as  the  only  connections  available  in  the  construction  of  gas  mains 
were  pipe  sockets,  made  tight  with  tar  coatings,  lead  wool,  asbestos  or  india- 
rubber,  the  transmission  of  gas  to  considerable  distances  was  still  associated 
with  difficulties.  In  particular,  the  gas  losses,  which  became  greater  with  the 
age  of  the  mains,  considerably  impaired  the  safety  and  economy  of  the  system. 
At  the  present  day,  however,  when  we  have  at  our  disposal  a  material  which  can 
be  welded  autogenously  or  by  electric  means,  owing  to  the  brilliant  development 
of  the  welding  industry,  no  further  obstacles  interfere  with  the  develop- 
ment of  long-distance  gas  transmission  on  the  largest  scale.  The  problem  of 
the  mains  may  now  be  considered  to  be  solved  completely.  The  mains  are 
constructed  in  a  similar  manner  and  from  the  same  materials  in  almost  every 
country,  and  the  differences  which  still  occur  are  of  slight  importance  only. 
Any  improvements  which  have  recently  been  introduced  in  this  connection  are 
of  more  or  less  subordinate  importance. 

*Journ.  f.  Gasbel.  u.  Wasservers,  p.  148. 
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The  most  suitable  material  for  high-pressure  mains  is  mild  steel,  the  chemical 
and  mechanical  properties  of  which  are  shown  in  Table  I. 


TABLE  I. 

Chemical  Properties: 

Composition: 

Phosphorus 

<     0-04O(, 

Sulphur 

<     0-05% 

Carbon 

0-08-0-12% 

Manganese 

0-4-  0-5% 

Silicon 

0-02-0 -03% 

Mechanical  Properties: 

Tensile  strength 
Elastic  limit 
Elongation 


> 


34-41  Kg./mm.2 

22  do.        (on  the  average) 

25%  (28-30%) 


Mild  steel  pipes  are  supplied  by  German  tube  works  of  diameters  ranging 
from  300  mm.  to  the  greatest  diameters  with  the  longitudinal  seam  welded 
with  water-gas,  and  also  without  seam,  from  the  smallest  diameters  up  to 
500  mm.  bore.  Harder  material  is  generally  unsuitable,  owing  to  difficulties 
connected  with  the  welded  seam  and  with  the  welding  which  is  necessary  when 
laying  the  main.  The  question  as  to  the  system  of  welding  which  is  most 
suitable    for   interconnecting   the    individual    pipes,    whether   autogenous   or 


Mamale  SdioviAmffernvr^inJunf 


Stumpft  ithurfilit^rbinJunf 

r  1 


ibmger'xhe  ichweinmuf^mrerbindun^ 


Klapper  iche  Verbindung 


Klapper  sehe    Kugelmuffe 


Manneiinann  3chwei^mulfe- 


ilaitixhe  Sc/nreilirertindunf 

I ^ 1 

lfunrj:e  ichweifiverbindung 

Kunlie  ScJmrein  Verbindung 
HWi.  Sûtweifierbindung 


Schweißverbindung  utm  Bellecourt. 


Fig.    1. — Welded  Joints. 


Normal  welded  sleeve. 
Strenger's  welded  sleeve. 
Klöpper's  welded  joint. 
Klöpper's  ball  socket. 
Mannesmann  welded  sleeve. 


Butt  welded  joint. 
Elastic  welded  joint. 
Kuntze  welded  joint. 
Kuntze  welded  joint. 
R.W.E.  welded  sleeve. 
R.W.E.  butt  welded  joint. 
Bellecourt  welded  joint. 
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electric  welding,  cannot  be  answered  definitely  in  spite  of  numerous  investiga- 
tions. The  economy  of  the  one  or  the  other  process  largely  depends  on  the 
geographical  situation  of  the  system.  Should  there  be  any  differences  in  the 
quality  of  the  welds  produced  by  the  two  processes,  these  are  certainly  very 
small  and  are  negligible  compared  with  the  influence  of  the  personal  aptitude 
of  the  welder. 

The  main  condition  for  laying  a  satisfactory  gas  main  is,  therefore,  a  satis- 
factory welding  staff,  which  should  if  possible  have  been  instructed  in  welding 
schools  such  as  have  now  been  established  in  large  numbers  in  Germany. 

The  most  varied  proposals  have  been  made  in  recent  years  regarding  the 
union  of  the  individual  tubes  by  welding.  Fig.  1  shows  a  number  of  welding 
sockets  for  this  purpose. 

The  Klöpper  joint  is  of  special  interest.  This  joint  has  recently  been  much 
used  in  Germany,  and  has  been  applied  on  a  large  scale  in  the  extensive  main 
systems  of  the  Aktiengesellschaft  für  Kohleverwertung,  Essen.  It  offers  the 
advantage  that  any  forces  acting  in  the  direction  of  the  axis  of  the  pipe  are  not 
taken  up  by  the  weld,  but  by  the  flange  which  is  made  of  the  actual  material 
of  the  pipe.  The  joint  is,  moreover,  very  flexible  with  regard  to  forces  acting 
in  a  direction  vertical  to  the  axis  of  the  pipe.  Before  the  work  of  laying  these 
mains  was  undertaken,  the  A.  G.  für  Kohleverwertung  carried  out  experiments 
with  such  joints,  the  results  of  which  we  will  now  summarise: — 

Two  pipes  8  m.  long,  of  500  mm.  bore  and  7  mm.  wall  thickness  were  welded 
with  various  sockets;  the  pipes  were  then  supported  at  two  points  situated 
15-7  m.  apart,  whilst  the  centre  of  the  pipe — that  is,  the  welded  joint — was 
subjected  to  a  load  of  3,050  Kg.  Table  II.  shows  the  results  of  these  bending 
tests. 

TABLE  II. 
Experimental  Results 


Weight  of  one  pipe  Q 

Diameter  (bore)  0 

Distance   between   centres   of 

supports,  / 
Moment  of  resistance,  W. 

Stress,  kb 


Q  =1.450  Kg. 
(f>  =     500  mm. 

;    =        15-7  mm. 
W  =  2,348  cm. 
.(P+Q/2)i 


kb  =  ^ 


W 


No.  of 
Experiment. 

Type  of  Socket. 

Deformation 

in  mm. 
under  load. 

Deformation 

in  mm. 
after   load. 

kb 

1. 

2. 
3. 

4. 

Normal  welding 

socket. 
Tyssen  socket. 
Strenger  socket. 
Klöpper  socket. 

44-0 

36-5 

44-5 

1120 

10 
Not  measured 
9 
67-5 

635  Kg. /cm. i* 
635     „       ,, 
635     ,,       ,. 
635     ,.       ,, 

It  is  clear  from  the  above  figures  that  the  Klöpper  socket  is  decidedly  the 
most  flexible. 

It  was,  further,  of  interest  to  determine  whether  the  Klöpper  joint  had  re- 
mained sound  in  spite  of  the  distortion.  For  this  purpose  the  socket  was  cut 
out  of  the  tube,  a  cover  was  welded  on  to  each  end  and  the  container  so  pro- 
duced  was   subjected   internally   to   hydraulic   pressure.       At   the   point    of 
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indentation  by  the  bending  test,  on  the  opposed  side  of  the  pipe  or  socket,  and 
between  these  two  points,  pellets  had  been  hammered  in  at  a  distance  of 
335  mm.,  so  that  the  longitudinal  distortion  of  the  various  portions  of  the 
tube  could  be  measured.    Table  III.  shows  the  results  of  these  measurements: — 

TABLE  III. 
Experimental  Results 


Pressure 

Longitu 

dinal  expansion. 

Increase    of 
circumference 
of  pipe  in  mm. 

in  atm. 

On  the 
left.         .\bove. 

On  the 
right. 

Remarks. 

20 

30 
40 

mm. 

Approx. 

5 

(I 

mm. 

A 

5 
)ermanen1 

mm. 

5 

t.) 

About   y^-i 

2 

(permanent.) 

Socket   and   welding 
seam   sound. 

do. 
do. 

50 

Socket   burst. 

10 
(permanent.) 

Thus  the  socket  remained  sound  up  to  a  pressure  of  20  atm.,  and  no  longi- 
tudinal expansion  could  be  observed.  The  longitudinal  expansion  only  started 
at  a  pressure  of  30  atm.,  and  leakage  only  occurred  after  the  tube  had  been 
subjected  to  a  pressure  of  50  atm.  for  some  time,  when  the  Klöpper  socket 
burst  at  the  point  at  which  it  had  been  loaded  during  the  bending  experiment 
(point  of  indentation).  According  to  the  bending  test  a  permanent  expansion 
of  10  mm.  was  measured.  The  point  of  fracture  was  not  in  the  welded  seam 
but  in  the  material  of  the  flange.  The  wall  thickness  at  the  point  of  fracture 
was  found  to  be  6  mm.  The  series  of  tests  showed  that  the  tendency  of  the 
pipe  under  hydraulic  pressure  was  to  straighten  itself  out. 

The  properties  demonstrated  by  this  test  render  the  Klöpper  socket  particu- 
larly suitable  for  districts  in  which  movements  of  the  subsoil  may  be  expected. 
The  ball  socket.  Fig.  1,  is  also  particularly  valuable,  as  by  its  employment  it  is 
possible  to  change  the  direction  by  about  6°  without  employing  bends. 

Even  when  the  main  is  to  be  laid  so  deeply  below  ground  that  so-called 
"working"  of  the  main  is  not  to  be  expected,  the  inclusion  of  expansion  joints, 
as  also  shown  in  Fig.  1,  cannot  be  omitted,  although  each  individual  expansion 
joint  in  itself  more  or  less  tends  to  the  occurrence  of  leakages.  In  the  case  of 
sharp  bends  of  the  mains  in  mining  districts,  and  more  particularly  where 
valves  are  attached,  expansion  joints  should,  therefore,  always  be  provided. 
The  construction  of  valves,  governors  and  other  fittings  is  generally  well 
understood,  so  that  we  need  not  consider  them  here.  Any  impediments 
caused  by  the  natural  contours  of  the  ground  no  longer  offer  any  difficulty  in 
the  construction  of  mains  in  consequence  of  the  wide  experiences  which  have 
been  gained  on  the  use  of  pipe  bridges  and  submerged  mains.  Fig.  2  shows 
a  submerged  main  across  the  Rhine. 

It  was  constructed  by  the  Rhein.-Westf.  Elektrizitätswerk  in  1917,  and  has 
been  in  use  without  disturbance  since  that  time.  This  submerged  main, 
which  is  501  -9  m.  long, as  the  crow  flies, represents,  to  the  best  of  our  knowledge, 
the  largest  crossing  of  this  kind  of  a  flowing  stream  in  Europe. 

815 


TRANSMISSION  OF  POWER 

Protection  against  corrosion  and  stray  electric  currents  is  a  not  unimportant 
factor  in  the  preservation  and  security  of  a  main.  Pipe  insulators  usually 
consist  of  a  jacket  of  fabric,  which  covers  a  layer  of  insulating  material. 
Hitherto,  the  usual  fabric  for  the  purpose  has  been  impregnated  jute,  but 
recently  in  Germany  the  best  results  have  been  obtained  with  a  special  type  of 
woollen  felt,  for  which  reason  this  has  been  adopted  quite  recently. 


R   /     R.M..->t...8..^f«- 


Fig.   2. — Submerged  main  across  the  Rhine. 

The  insulating  material  must  satisfy  very  definite  requirements  with  regard 
to  its  chemical  and  physical  properties,  and,  more  particularly,  it  must  be 
impervious  to  water,  resistant  to  acids  and  must  be  a  non-conductor  of  elec- 
tricity; also  it  must  not  lose  these  properties  under  any  conditions  in  the  course 
of  time.  For  this  reason,  an  insulating  material,  for  example,  which  gradually 
resinifies  and  becomes  brittle  cannot  be  used,  as  in  that  case  water  would  gain 
access  to  the  material  of  the  pipe  through  the  cracks  which  were  formed.  The 
mass  must  be  so  applied  that  the  formation  of  bubbles  is  impossible,  as  other- 
wise it  might  occur  that  the  pipe  is  attacked  below  the  covering  layer  without 
the  possibility  of  detecting  this  from  without. 

The  mechanical  strength  of  the  pipe  insulation  should  also  be  such  that 
damage  to  the  insulating  material  is  excluded  when  laying  the  mains  in  stony 
ground,  when  the  ditches  are  filled  in.  We  take  this  opportunity  of  referring 
to  the  excellent  paper  of  Besig  in  1913'^  and  to  his  further  article  in  1927.* 
Numerous  experiments  on  the  suitability  of  pipe  coverings  were  published  as 
long  ago  as  1909  by  Robert  B.  Harper.* 

The  problem  of  ample  protection  of  the  mains  against  earth  currents  is  still 
more  or  less  unsolved.  Besig  (loc.  cit.)  writes  on  this  question  as  follows: — "An 
effective  reduction  of  the  earth  currents  can  be  achieved  by  throttling  them 
with  insulating  pipe  connections.  These  must  be  sufficiently  numerous  in 
order  to  prevent  large  voltages  in  the  separated  parts,  and  for  the  same  reason 
must  be  fixed  at  distances  apart  which  are  not  too  large.  In  order  to  protect 
the  insulating  connections  against  the  injurious  action  of  the  soil  and  to  be 
able  to  test  their  action  at  any  time  it  is  advisable  to  house  them  in  easily 
accessible  shafts  which  are  protected  against  the  entry  of  water." 

A  simple  form  of  constr^action  of  such  insulation  by  flanges  consists  in  the 
arrangement  of  a  ring  about  8  mm.  thick  of  good,  soft  para  rubber  between 
two  pipe  flanges.  The  ring  must  be  sufficiently  wide  to  prevent  with  certainty 
any  metallic  contact  of  the  flanges.  The  screws  which  unite  these  must  also 
be  insulated  from  the  flanges,  for  which  purpose  sheaths  about  4  mm.  thick 


*Zts.  f.  Gas  u.  Wasser  Fach,  1913,  p.  49. 
»Zts.  f.  Gas  u.  Wasser  Fach,  1927,  p.  52. 
*American  Gas  Light  Journal. 
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of  india-rubber  or  other  insulating  materials  must  be  used,  and  thick  insulating 
washers  must  be  employed  on  the  head  and  the  butt  end  of  the  bolt.  Objec- 
tions have,  however,  been  raised  in  other  quarters  against  protection  of  this 
kind,^  as  india-rubber  is  soluble  in  hydrocarbons  and  also  absorbs  sulphur 
from  the  gas,  which  must  ultimately  cause  it  to  become  hard  and 
brittle. 

If  a  gas  main  has  been  laid  in  the  manner  which  has  just  been  described,  the 
utmost  security  technically  possible  has  been  achieved.  It  must,  however,  be 
remembered  that  the  main  is  still  subject  to  the  most  varied  uncontrollable 
forces,  such  as  earth  movements  and  similar  occurrences,  and  also  to  human 
interference  which  may  be  attempted  for  criminal  purposes.  Further  measures 
Jiave,  therefore,  been  attempted  in  order  to  protect  the  mains  as  far  as  possible 
against  such  occurrences.  For  this  purpose  a  cable  is  laid  together  with  the 
main;  one  set  of  conductors  within  the  cable  supplies  a  surface  telephone, 
"which  interconnects  the  supervision  stations  along  the  main  and  also  connects 
them  with  the  central  supervision  station.  The  other  sets  of  conductors 
serve  to  transmit  the  automatic  determinations  of  pressure,  quantity  of  gas, 
and,  on  occasion,  of  calorific  value.  Serious  leakages  in  the  main  will  then 
be  indicated  by  abnormal  fall  of  pressure,  if  they  have  not  already  been 
notified  by  the  individual  supervision  stations.  The  section  in  which  leakage 
is  occurring  is  easily  determined  by  the  individual  pressure  measurements, 
and  the  gas  supplied  to  the  section  in  question  can  then  be  cut  off.  Any 
destruction  of  the  cable  will,  of  course,  be  observed  immediately.  The 
safety  factor  is  increased  if  a  series  of  mains  is  available  which  are  inter- 
connected at  certain  intervals,  so  that  it  is  possible  without  other  measures 
to  divert  the  gas  supplied  to  one  section  along  another  course,  at  any  rate  for 
a  short  time.  Finally,  the  connection  of  several  producing  systems  with  one 
such  net  of  mains  ensures  security  of  long-distance  gas  supply  toadegree  which 
cannot  in  all  human  probability  be  exceeded. 

Influence  of  Diameter  and   of  Pressure   on   the   Economics   of  Gas 
Transmission 

Calculations  on  the  economics  of  gas  transmission  are  based  in  the  first 
instance  on  calculations  on  the  pressure  and  the  pressure  fall  in  a  main  of  given 
diameter,  given  length  and  a  given  delivery.  The  number  of  formulae  dealing 
with  this  subject  is  so  great,  and  the  more  recent  experiments  carried  out  in 
order  to  control  these  are  so  relatively  incomplete,  that  the  question  cannot 
yet  be  considered  to  be  completely  settled.  It  would,  however,  take  too  long 
to  discuss  here  the  correctness  or  exactitude  of  the  formulae  proposed  by 
individual  investigators.  It  will  suffice  to  state  here  that  a  number  of  formulae 
are  available  for  practical  application,  by  means  of  which  a  sufficiently  exact 
correspondence  between  the  results  of  calculation  and  the  actual  amounts 
transmitted  is  obtained.  The  Verein  Deutscher  Gas-  und  Wasserfachmänner 
has  accepted  as  standards  for  calculation  of  the  fall  of  pressure  the  formulae 
proposed  by  Prof.  Riehl.^  These  formulae  have  been  used  for  the  calculations 
given  on  the  following  pages. 

^MonatsbuU  1926,  p.  375. 

*Zts.  für  Gas.  und  Wasserfach  1927,  p.  547. 
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The  cost  of  gas  transmission  comprises  the  following  items:— 

(\)  Capital  charges  of  the  main. 

(2)  Capital  charges  of  the  compressor  plant  and  meters. 

(3)  Cost  of  power. 

(4)  Cost  of  operating  the  compressor  plant. 

(5)  Cost  of  maintenance  of  the  main. 

(6)  Administration. 

(7)  Rates  and  taxes. 

(8)  Other  annual  charges,  such  as  wayleaves  and  so  forth. 

The  relative  importance  of  the  amount  of  the  individual  charges  is  not  the 
same  for  all  schemes  and,  for  example,  the  capital  charges  of  the  main  vary- 
according  to  the  proposed  method  of  amortisation;  whilst  the  ordinary  period 
allowed  for  amortisation  of  the  mains  in  gas  engineering  is  30  years,  a  shorter 
period  may  be  desired  for  financial  or  other  reasons.  The  same  remark 
applies  to  the  capital  charges  tor  the  compressor  station.  The  cost  of 
power,  which,  of  course,  varies  according  to  the  required  initial  pressure, 
differs  even  for  the  same  pressure;  it  is  different  for  electric  or  for  steam  power, 
and  also  differs  with  the  geographical  position  of  the  compressor  station, 
which  may,  of  course,  entail  considerable  differences  in  the  prices  for  steam  or 
electric  power.  The  cost  of  operation  of  the  compressors  depends  not  only 
on  their  output  but  also  on  the  size  of  the  units  and  the  initial  pressure  of  the 
gas.  On  the  other  hand,  the  cost  of  operation  of  the  main  itself  may  be 
considered  as  quite  definite,  and  mainly  depends  on  the  length  of  the  main 
alone.  On  the  contrary,  the  administration,  taxes  and  other  annual  charges 
will  vary  for  each  undertaking  and  in  every  country. 

By  the  calculation  and  tabulation  of  these  costs  the  cost  of  transmission  of 
the  gas  can  thus  be  calculated  with  a  fair  degree  of  exactitude  in  any  special 
case,  and  the  application  of  the  calculations  for  various  throughputs  lor 
purposes  of  calculation  can  be  considered  to  be  sufficiently  exact. 

In  order  to  avoid  the  necessity  of  the  somewhat  lengthy  re-calculation  of 
these  data  for  each  individual  set  of  circumstances  it  is  desirable  to  simplify 
it  somewhat.  The  cost  of  operation  of  the  compressors  will  then  be  expressed 
either  as  a  function  of  the  delivery,  or  as  a  function  of  the  cost  of  construction 
of  the  compressors,  whilst  the  operation  of  the  main  and  the  wayleaves  will 
be  considered  as  a  function  of  the  length  of  main,  and  the  administration  as 
a  function  of  the  throughput  of  gas  or  of  the  capital  cost  of  the  main.  The 
rates  and  taxes  can  usually  be  deduced  from  the  capital  involved.  Thus,  in 
order  to  evaluate  the  costs  of  a  gas  transmission  system,  data  on  the  length  of 
the  main,  its  diameter,  the  delivery  and  the  consequent  initial  pressure  will 
suffice. 

Thus,  if  the  transmission  costs  for  various  quantities  of  gas  are  calculated 
for  a  distance  of  10  Km.  for  various  diameters  of  main,  and  if  the  abscissae 
denote  the  delivery  in  millions  of  cubic  metres,  and  the  ordinates  the  trans- 
mission costs,  a  family  of  curves  is  obtained  such  as  is  represented  in  Fig.  3. 

The  figure  shows  clearly  that  for  the  transmission  of  100  million  cu.  m.  to 
a  distance  of  10  Km.,  a  diameter  of  600  mm.  is  the  most  economical,  whilst  for 
a  throughput  of  200  million  cu.  m.,  diameters  of  800  or  900  mm.  are  equally 
economical.  In  the  latter  case  a  diameter  of  850  mm.  would  be  chosen  in 
practice. 
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Transmission  costs  for  various  diameters  of  main  for  the  transmission 
of  gas  for  a  distance  of   10  Km. 

Ordinates  =  Cost  of  transmission. 
Abscissae    =  Quantities     transmitted    in     millions 
of  cu.  m. 

WirtschaßichkeitmychiedenerOt/nhmesser 
bei  einem  ßastransport  auf  JO  km. 


» 

1 

r 

um 

1 

^ 

3°100 

■ 

(10      100      ?oo      300      m 
fôrdermengeinM  cbm 

Fig.  3. 


Variation  of  the  most  economical  diameter  for  a   gas  transmission 
Aip  to  a  distance  of  100  Km.  at  the  most  economical  initial  pressure. 

Ordinates  =  Cost  of  transmission. 

Abscissae    =  Delivery  in  millions  of  cu.  m. 
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If  the  envelope  of  this  family  of  curves  is  drawn  it  will  show  the  transmission 
costs  of  various  quantities  of  gas  to  a  distance  of  10  Km.,  when  the  most 
economical  diameter  of  main  is  used  in  each  case. 

If  a  family  of  such  curves  is  now  drawn  for  other  distances  of  transmission 
we  obtain  Fig.  4. 

The  envelopes  for  the  families  of  curves  for  10  to  100  Km.  alone  are  drawn  and 
the  points  of  intersection  of  the  individual  diameter-curves  are  joined.  The 
system  of  curves  is  thus  sub-divided  into  zones  within  each  of  which  one 
particular  diameter  is  the  most  economical.  According  to  this  figure,  for  a 
delivery  of  300  million  cu.  m.  to  a  distance  of  50  Km.  a  diameter  of  800  mm. 
should  be  chosen,  whilst  for  a  distance  of  90  Km.  a  diameter  of  600  mm.  should 
be  chosen. 

The  almost  horizontal  broken  curves  are  lines  of  equal  pressure,  so  that  the 
diagram  also  shows  with  some  degree  of  exactitude  the  most  economical 
pressure  required  for  given  conditions  of  transmission. 

The  relations  shown  in  both  diagrams  are,  naturally,  only  correct  if  the  relation 
between  transmission  costs  and  compression  costs  remains  the  same.  Should 
the  price  of  the  constructional  material  of  the  main  fall,  or  should,  for  example, 
the  price  of  coal,  and  therefore  the  price  of  steam,  rise,  the  relationships  will 
at  once  be  altered. 

In  these  calculations  the  further  assumption  is  made  that  the  final  pressure 
of  the  gas  is  but  little  greater  than  1  atm.  Conditions  may,  however,  very 
easily  occur  in  practice  which  lead  to  the  requirement  of  a  higher  pressure  at 
the  far  end  of  the  main.  Under  these  circumstances  the  relationships  are,  of 
course,  also  altered.  Fig.  5  shows  the  relationships  which  exist  for  gas  trans- 
mission to  a  distance  of  10  Km.,  with  varying  final  gas  pressures. 

Variation  of  the  most  economical  diameter  for  a  gas  transmission  to 
10  Km.  distance  and  for  final  pressures  of   1-6  atm.  absolute. 

Ordinates  =  Transmission  costs. 

Abscissae    =  Delivery  in  millions  of  cu.  m. 

Verschiebung  des  wirkchafilichsten  Durchmessers 
beJ einem  Gastransport  yon  10km  Leifungslànge 
undbei[n(jdrùcl<en  yon  l-ÔAtmosphàren  ab  s. 
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The  lowest  curve  here  is  again  the  enveloping  curve  of  Fig.  3,  and  again  shows 
the  relationships  at  a  final  pressure  of  1  atm.,  whilst  the  other  curves  show  the 
relationship  with  a  final  pressure  of  2  to  6  atm.  If,  for  example,  a  diameter  of 
600  mm.  is  the  most  economical  for  a  final  pressure  of  1  atm.  and  a  delivery  of 
100  million  cu.  m.,  this  would  be  reduced  to  400  mm.  for  a  final  pressure  of 
4  atm. 

In  practice,  however,  the  conditions  of  transmission  will  not  usually  be  so 
simple  as  has  been  assumed  in  these  calculations.  More  particularly,  it  will 
comparatively  seldom  be  the  case  that  the  whole  consumption  of  the  gas  takes 
place  at  the  far  end  of  the  main;  it  will  in  most  cases  be  withdrawn  at 
various  points.  This  circumstance  affects  the  required  initial  pressure  and» 
consequently,  the  economic  conditions,  so  that  the  above  calculations  do  not 
even  approximately  apply.  The  calculation  of  the  most  economical  conditions, 
then  becomes  in  part  so  complicated  that  it  can  no  longer  be  expressed  in 
simple  diagrammatic  form.     We  will,  therefore,  merely  give  an  example. 

Of  a  given  delivery  one  half  is  to  be  withdrawn  in  the  course  of  the  first 
tenth  of  the  main,  and  the  other  half  at  the  far  end.  From  the  above  diagrams 
it  is  clear  that  for  the  transmission  of  large  quantities  for  a  short  distance  a 
comparatively  large  diameter  and  correspondingly  low  pressure  are  economical, 
whilst  for  the  transmission  of  the  same  quantity  to  a  longer  distance  a  higher 
pressure  and  smaller  diameter  are  economical.  If,  however,  in  the  above- 
mentioned  case  the  whole  of  the  gas  were  to  be  raised  to  a  pressure  which 
would  suffice  to  carry  half  the  quantity  to  the  far  end  of  the  main,  the  first 
half — which  is  soon  withdrawn  from  the  first  portion  of  the  main — would  be 
available  at  high  pressure.  This  pressure  would  then  be  dispersed  uselessly, 
and  the  poor  economics  of  the  scheme  are  evident. 

Such  a  case  can  be  improved  by  a  method  which  represents  a  further  impor- 
tant factor  in  the  economics  of  long-distance  gas  transmission,  namely,  inter- 
mediate compression.  Thus,  the  total  quantity  would  be  transmitted  at  a 
relatively  low  pressure  through  a  main  of  large  diameter  and  an  intermediate 
compression  station  would  be  erected  at  the  spot  where  the  first  half  of  the 
gas  has  been  withdrawn,  by  which  the  second  half  would  be  raised  to  the 
pressure  which  was  required  for  the  conveyance  of  this  quantity  to  the  end  of 
the  main  with  the  most  economical  diameter. 

The  critical  case  for  the  intermediate  withdrawal  of  various  quantities  would 
be  that  in  which  gas  was  withdrawn  uniformly  along  the  whole  length  of  the 
main,  and  one  might  suppose  that  it  would  be  most  economical  to  insert  inter- 
mediate compression  stations  at  as  short  intervals  as  possible  along  the  whole 
main.  With  regard  to  this  matter  we  must  refer  to  the  comprehensive 
work  of  Banky'  on  the  construction  of  a  long-distance  transmission 
system  in  Transylvania,  which  was  published  in  1916.  Although  a  smaller 
amount  of  work  is  required  for  compression  for  the  transmission  of  a  given 
quantity  of  gas  when  intermediate  compression  is  used  than  when  the  total 
quantity  is  compressed  at  the  near  end  of  the  main,  in  practice  the  conditions 
are  usually  such  that  at  the  near  end  of  the  main  the  power  costs  are  smaller 
than  along  the  main,  and,  furthermore,  the  total  costs  which  will  be  entailed 
by  the  erection  of  intermediate  compressors,  the  operation  of  the  same,  and 
so  forth,  would  be  higher  than  that  of  initial  compression.  It  is,  therefore, 
desirable  in  such  cases  not  to  rely  on  theoretical  considerations  alone.     The 

'Verein  Deutscher  Ingenieure  1916,  p.  512. 
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■optimum  condition  for  the  transmission  costs  must,  on  the  contrary,  be  exactly 
■calculated  in  detail  for  each  case  as  already  mentioned. 

Behaviour  of  the  Gas  in  the  Mains 

When  the  first  long-distance  mains  were  laid  in  Europe  the  question  at  once 
arose  as  to  whether  the  gas  did  not  undergo  any  change  during  transmission, 
on  account  of  the  pressure  to  which  it  must  be  subjected.  At  that  time  the 
illuminating  power  of  the  gas  was  still  of  great  importance,  and  it  was  feared 
that  a  portion  of  the  hydrocarbons  present  might  be  removed  by  condensation, 
and  that  the  illuminating  power  might  thus  be  diminished.  Opinions  w^ere, 
therefore,  furnished  by  eminent  gas  specialists,  which  all  denied  that  any 
■change  in  the  illuminating  power  occurred  through  the  compressions  which 
were  then  in  question. 

When,  however,  transmission  lines  were  constructed  for  longer  distances  and, 
therefore,  required  pressures  of  quite  another  order,  experiments  showed  that, 
in  fact,  a  slight  reduction  in  the  illuminating  power  could  be  observed.  A 
repetition  of  these  tests  in  the  summer  (for  the  first  were  carried  out  in  winter) 
■showed,  however,  that  the  illuminating  power  of  the  gas  at  the  point  of 
consumption  was  slightly  higher  than  at  the  gas  works.  Actually,  therefore, 
hydrocarbons  had  condensed  in  the  main  at  winter  temperature  and  had  been 
re-evaporated  by  the  high  temperature  in  the  summer.  In  the  interval, 
however,  the  conditions  have  altered  entirely,  in  so  far  as  the  requirements 
regarding  the  nature  of  the  gas  have  now  completely  changed.  Illuminating 
power  is  no  longer  an  important  property,  and  hydrocarbons,  such  as  benzene, 
xylene  and  their  homologues,  are  recovered  from  the  gas  as  economically  as 
possible  at  the  point  of  production.  Therefore,  an  alteration  in  the  character 
■of  the  gas  due  to  the  withdrawal  of  these  materials  during  transmission  is 
no  longer  possible. 

In  spite  of  this,  the  problem  of  condensation  always  re-occurred  when  still 
higher  pressures  were  xised  for  gas  transmission.  When,  during  the  last  few 
years,  the  suggestion  was  first  made,  especially  in  Germany,  to  transport  coal 
gas  over  long  distances  at  pressures  of  20  to  30  atm.,  the  occasion  arose  once 
more  carefully  to  investigate  the  question  of  condensation  of  such  pressures. 

In  general  terms,  separation  of  liquid  may  occur  either  by  fall  of  temperature 
or  by  increase  of  pressure.  Therefore,  condensation  of  any  particular  con- 
■stituent  will  always  occur  if  its  vapour  is  present  in  the  uncompressed  gas 
in  such  quantity  that,  owing  to  the  relation  of  the  final  pressure  to  the  initial 
pressure,  its  partial  pressure  in  the  compressed  gas  (that  is,  the  dew  point  at 
the  temperature  in  question)  will  be  exceeded. 

The  only  constituents  of  coal  gas  of  which  the  possible  condensation  need  be 
considered  are  the  so-called  "heavy  hydrocarbons,"  on  the  composition  of 
which  but  little  is  known.  Investigations  on  the  composition  of  the  heavy 
hydrocarbons  of  Karlsruhe  town  gas  have  quite  recently  been  carried  out  by 
Bunte  and  Kammüller  of  the  Karlsruhe  Gas  Institue,  and  in  connection  \\'ith 
this  research  they  also  investigated  the  conditions  of  condensation.  A 
•comprehensive  communication  on  these  researches  will  be  found  in  "Gas- 
und  Wasserfach,"  1928,  p.  25,  the  main  conclusions  of  which  we  will  now 
summarise. 

The  mixture  which  was  frozen  out  from  the  Karlsruhe  town  gas  by  the 
investigators  showed  on  fractionation  the  figures  which  are  reproduced  in 
Table  I\-. 
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TABLE 

tv. 

Boiling  point.                                                 Gm.  per  cu.  m 

33-  4rc.     . 

. 

1-2 

55-  75°C.       . 

0-5 

75-   83°C.       . 

2-8 

83-   90°C.       . 

2-4 

90-100°C.       . 

0-7 

100-105°C.       . 

0-3 

105-1 13°C. 

1-2 

113-120°C.       . 

0-1 

120-130°C. 

0-1 

130-142°C. 

0-2 

142-155°C.       . 

0-2 

155-163°C.       . 

0-15 

Residue 

0-15 

5-9 


As  it  impossible  to  identify  the  individual  substances,  and  one  may  assume 
that  the  vapour  tensions  of  substances  of  equal  boiling  point  are  at  least  of 
the  same  order  of  magnitude,  the  vapour  tensions  of  a  number  of  substances 
which  occur  in  coal  tar,  and  may,  therefore,  occur  in  coal  gas,  are  given  in 
Table  V:— 

TABLE  V. 


Saturation 

Gm.  in  1  cu.  m. 

Substance. 

Boiling  point 

pressure  at 

Molecular 

of  gas  at  lO^C. 

760  mm. 

10° 

weight. 

and  760  mm. 

pressure 

Carbon  disulphide  . . . 

46 

196 

76 

845 

Cyclopentadiene 

41 

(200) 

66 

(750) 

Hexane 

69 

75 

86 

365 

Acetonitrile 

79 

(40) 

71 

(90) 

Benzene 

80-4 

44 

78 

198 

Thiophene    ... 

84 

— 

84 

— 

Tetrahydrobenzene 

83 

(40) 

82 

(185) 

Heptane 

98     - 

20 

100 

113 

Toluene 

111 

12 

92 

67 

Pyridine 

117 

8 

79 

36 

Pyrrol            

133 

(4) 

67 

(15) 

Ethyl-benzene 

134 

4 

106 

24 

Picoline 

135 

(4) 

93 

(20) 

Xylenes 

139 

2-66 

106 

16 

Lutidine 

143 

(2) 

107 

(10) 

Styrol            

145 

(2) 

104 

(10) 

Mesitylene    ... 

164 

(0-8) 

120 

(5) 

Methyl-pyridine 

165-168) 

121   ] 

Pseudocumol 

168          \ 

(0-7) 

120 

(5) 

Cumaron 

169         ) 

118 

Dicyclopentadiene  ... 

170 

(0-6) 

132 

(4-5) 

Indene 

178 

(0-3) 

116 

(2) 

Aniline 

184 

(0-15) 

93 

(0-8) 

Phenol           

282 

(0-2) 

94 

(1-0) 

o-Cresol 

187 

(0-1) 

108 

(0-75) 

Benzonitrile 

196 

(0-08) 

103 

(0-4) 

Toluidine 

197-199 

(0-07) 

107 

(0-4) 

Naphthalene 

218 

0-621 

128 

(0-15) 

Quinoline 

239 

(0-02) 

129 

(0-15) 
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On  comparing  the  two  tables  we  find  that  these  substances  occur  in  coal  gas 
at  concentrations  which  would  not  lead  one  to  expect  any  condensation,  even 
at  high  pressures.  This  is,  however,  not  the  case  with  regard  to  the  average 
contents  of  naphthalene  in  coal  gas,  a  matter  which  will  be  considered  in  detail 
below. 

It  is  not  possible  to  calculate  the  relationships  numerically,  as  we  are  dealing 
with  miscible  liquids,  and  our  knowledge  of  the  vapour  pressures  of  binary 
mixtures  is  confined  to  a  few  mixtures  of  two  substances  only.  In  the  case, 
however,  of  such  a  large  number  of  miscible  liquids  as  are  represented  by  the 
hydrocarbons  of  town  gas,  we  do  not  even  know  the  order  of  magnitude  of  the 
phenomena. 

In  order  to  compile  the  results  of  practical  experiences  on  the  formation  of 
condensates,  the  Literary  Bureau  of  the  Gas  Institute  addressed  a  questionnaire 
to  all  the  long-distance  gas  transmission  stations  in  Germany.  It  was  not 
possible  to  make  a  simple  comparison  between  the  results  communicated  by  all 
the  stations  on  the  formation  of  condensates,  as  they  operate  at  the  most 
various  pressures.  Investigation  showed,  however,  that  most  of  the  con- 
densates hitherto  found  have  consisted  mainly  of  water,  oil  and  naphthalene. 
The  oil  does  not  consist  of  constituents  of  coal  gas,  but  was  found  by  the 
analytical  investigation  to  consist  of  compressor  oil  which  was  entrained  by 
the  gas  and  condensed  in  the  colder  portions  of  the  main. 

The  actual  reason  why  these  investigations  were  carried  out  was  the  fear 
that  disturbances  might  occur  in  high-pressure  mains  through  the  separation 
of  naphthalene.  These  fears  were  based  on  the  difficulties  which  most  gas 
works  have  to  contend  with,  owing  to  naphthalene,  which  deposits  in  their 
mains  in  the  form  of  small  plate-like  crystals,  and  may  completely  obstruct 
■even  the  largest  main  within  a  short  space  of  time. 

What  are  the  observations  on  naphthalene  condensation  which  have  been  made 
in  the  various  long  distance  transmission  mains?  In  actual  fact,  the  con- 
densation of  naphthalene  in  such  mains  usually  entails  no  difficulties  whatever; 
although  disturbances  have  been  reported  here  and  there,  these  occurrences 
were  always  found  in  mains  which  worked  at  very  low  pressures.  Even  at 
pressures  of  1  to  2  atm.  condensation  leads  to  no  difficulty  whatever.  In  order 
to  explain  this  fact  we  will  briefly  consider  the  conditions  in  the  long  distance 
gas  transmissions  of  the  Rheinisch- Westfälische  Elektrizitätswerke. 

In  these  works  no  special  purification  of  the  gas  from  naphthalene  occurs  and 
the  gas  simply  undergoes  the  normal  purification,  such  as  is  achieved  in  a 
well-conducted  benzole  recovery  plant.  This  does  not,  of  course,  lead  to  a 
complete  removal  of  the  naphthalene  in  the  gas,  such  as  would  be  necessary 
in  order  to  avoid  separation  of  that  substance  in  the  mains  at  the  pressure  of 
2  to  3  atm.  to  which  it  is  submitted.  On  the  average,  the  gas  entering  the 
high-pressure  mains  contains  15  to  20  gm.  of  naphthalene  per  100  cu.  m., 
whilst  at  the  far  end  of  the  main  it  contains  only  0-3  gm.  per  100  cu.  m.  On 
the  basis  that  in  certain  sections  the  temperature  of  the  gas  is  reduced  to 
0°C.,  and  is  at  a  pressure  of  3  atm.,  its  naphthalene  contents  may  be  calculated 
from  the  vapour  tension  table  to  be  about  1-67  gm.  per  100  cu.  m.,  as  at  a 
pressure  of  760  mm.,  and  at  O^C,  the  vapour  tension  would  correspond  to 
a  naphthalene  content  of  5  gm.  per  lOOcu.  m.  If  one  compares  this  proportion 
with  the  initial  and  final  amounts  of  naphthalene  in  the  gas,  it  follows  that 
within  the  mains  a  separation  of  pure  naphthalene  must  have  occurred,  which 
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does  not  merely  correspond  with  the  vapour  tension  of  pure  naphthalene  but 
is  far  greater  in  amount. 

Investigations  on  the  separation  of  naphthalene  have  confirmed  this  view. 
The  separation  of  naphthalene  takes  place  within  the  first  2  Km.  of  the  main, 
and  not  in  the  form  of  thin  plates  but  as  a  solid  incrustation  on  the  walls  of 
the  pipe.  An  oily  condensate  is  found  in  the  siphons,  and  this  also- 
contains  much  naphthalene;  thus,  whilst  the  main  portion  of  the  naphtha- 
lene is  separated  by  the  pressure  and  the  first  fall  of  temperature,  a  further 
fall  of  temperature  such  as  occurs  along  the  main  causes  condensation  of  the 
compressor  oil  contained  in  the  gas  in  vapour  form,  and  this  in  turn  washes 
out  the  remaining  naphthalene.  The  naphthalene  contents  of  the  gas  at  the 
far  end  of  the  main  do  not,  therefore,  correspond  to  the  vapour  tension  of  pure 
naphthalene  at  0°C.,  but  to  the  very  much  smaller  vapour  tension  of  naph- 
thalene in  compressor  oil  at  the  same  temperature.  The  main  already  re- 
ferred to,  of  the  Rheinisch-Westfälische  Elektrizitätswerke,  was  already  being 
operated  in  1912  and  was  steamed  out  for  the  first  time  in  1 924.  In  spite  of 
continuous  operation  for  over  10  years  and  a  throughput  of  approximately 
20  million  cu.  m.  of  gas  annually,  the  naphthalene  deposits  were  so  small  that 
they  caused  no  disturbance  of  any  kind.  The  main  was  merely  steamed  out 
as  a  special  precaution. 

It  is  thus  clear  that  under  such  conditions  no  difficulties  arise  through  the 
separation  of  naphthalene.  In  spite  of  this  fact  various  attempts  have  been 
made  to  free  the  gas  from  naphthalene  before  its  entry  into  the  main  to  such 
an  extent  that  no  further  separation  in  the  main  is  possible.  According  to^ 
a  patent  of  Lenze  of  9.2.28  (German  Pat.  457,264),  this  is  achieved  by 
refrigeration  of  the  gas.  The  process  is  illustrated  diagrammatically 
in  Fig.  6. 

At  a  temperature  of  250"'C.  the  hot  distillation  gases  pass  directly  from  the 
coke  oven  battery  into  the  still,  in  which  they  are  utilised  in  expelling  ammonia 
gas  from  concentrated  ammoniacal  liquor  under  pressure,  and  they  leave  this 
boiler  at  about  80°C.  In  the  adjacent  Reutter  cooler  they  are  cooled  indirectly 
by  water  to  20°  to  25°C.  In  the  refrigerator  the  gas  is  then  washed  with 
ammonia  liquor  at  a  temperature  of  0°  to  — 2°C.,  and  its  temperature  is  then 
reduced  to  about  O^C;  the  ammonia  is  thus  completely  washed  out  of  the  gas 
and  the  naphthalene  contents  fall  to  4  to  6  gm.  per  100  cu.  m.  If  a  considerable 
pressure  is  required  for  the  transmission  of  the  gas,  the  refrigeration — that  is, 
the  refrigerator  and  scrubber — may  be  interposed  after  the  compressors  in  the 
high-pressure  system.  In  this  case  also  the  naphthalene  contents  would 
amount  to  4  to  6  gm.  per  100  cu.  m.  of  compressed  gas.  The  naphthalene 
which  is  removed  by  washing,  separates  in  the  naphthalene  pit  as  a  dark  oil,, 
which  contains  about  60  to  75  per  cent,  of  solid  naphthalene  and  40  to  25  per 
cent,  of  light  oil,  with  a  boiling  point  of  140°  to  180°C.  The  function  of  the 
auxiliary  apparatus,  the  course  of  the  cooling  medium  and  other  details  are 
quite  obvious  from  the  sketch,  so  that  a  more  detailed  explanation  is  un- 
necessary. 

The  process  offers  the  advantage  that  it  is  independent  of  the  particular 
transmission  pressure,  but  the  operating  costs,  and,  more  particularly,  the 
capital  costs,  are  presumably  very  high.  The  process  is  already  in  operation. 
in  a  large  plant  in  Germany  in  the  form  shown  in  the  diagram. 
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Another  interesting  process  is  that  of  the  Gesellschaft  für  Lindes  Eismaschinen 
^German  Patent  Application  of  22.12.27),  according  to  which  coke  oven 
gas  is  first  freed  from  tar  and  ammonia,  then  submitted  to  an  excess 
pressure  of  3  to  6  atm.  and  the  heat  of  compression  removed  by  cooling  water. 
The  gas  must,  however,  be  cooled  to  40  C.  only.  It  is  stated  that  at  this 
temperature  the  main  portion  of  the  naphthalene  separates  together  with  the 
compressor  oil.     In  order  to  free   the   gas  completely  from  the  remaining 
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Fig.  6. 

naphthalene,  benzene  and  other  hydrocarbons,  it  is  cooled  to  a  low  temperature 
by  means  of  the  refrigeration  produced  by  the  expansion  of  the  gas  itself. 
Separation  of  the  naphthalene  is  thus  effected  in  this  case  by  both  pressure 
and  low  temperature.  Nothing  is  known  of  any  application  of  this  process 
in  practice.  It  is  also  questionable  whether  the  process  is  especially  suitable 
for  long-distance  gas  transmission  systems. 

A  very  obvious  plan  is  to  separate  the  naphthalene  under  the  same  conditions 
as  are  present  in  the  main,  but  in  an  apparatus  placed  in  front  of  the  main. 
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This  plan  is  followed  according  to  a  process  which  has  only  been  developed 
quite  recently,  and  depends  in  principle  on  removing  naphthalene  by  washing 
with  oil  under  pressure  at  a  temperature  which  is  initially  high  and  is  then 
gradually  reduced.  The  advantages  of  this  process  are  low  capital  outlay  and 
minimum  operating  costs.  It  is,  unfortunately,  not  yet  possible  to  communi- 
cate details  regarding  this  process,  more  particularly  for  reasons  of  patent  law. 

It  will  be  seen  that  the  problem  of  separation  of  naphthalene  in  high-pressure 
mains,  in  so  far  as  one  may  consider  it  a  source  of  difficulty  at  all,  promises 
to  be  finally  solved. 

We  have  now  briefly  discussed  the  three  main  problems  of  long-distance 
gas  transmission.  Although  these  problems  have,  upon  the  whole,  already 
been  solved,  there  still  remain  a  number  of  subordinate  difficulties  to  be 
overcome,  improvements  to  be  made,  and,  in  short,  a  large  amount  of  detailed- 
work  to  be  carried  out.  In  view  of  the  importance  which  long-distance  gas 
transmission  has  acquired  of  recent  years,  an  exchange  of  experiences  and  of 
working  results  such  as  are  already  available  in  the  various  countries  would 
be  paiticularly  valuable. 
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DATA  OF  COSTS  OF  TRANSMISSION  OF  COAL,  COKE,  OIL,  GAS  AND 

ELECTRICITY INFLUENCE  OF  COSTS  OF  TRANSMISSION  ON  COAL  GAS 

PRODUCTION  AND  ELECTRICITY  GENERATION — -COST  OF  ENERGY  FOR 
DOMESTIC  PURPOSES  IN  GREAT  BRITAIN ZUSAMMENFASSUNG 

The  data  on  which  this  communication  depends  have  been 
■obtained  from  authoritative  sources  in  each  of  the  industries  con- 
cerned. 

The  Technical  Committee  puts  forward  this  communication  with 
no  idea  that  its  conclusions  will  solve  once  and  for  all  the  ques- 
tions that  have  been  raised.  Each  problem  arising  will  always 
have  to  be  solved  by  taking  account  of  the  special  local  circum- 
stances. Nevertheless,  the  object  of  this  communication  is  to 
^ive  a  broad  idea  as  to  the  order  of  the  relative  costs  that  hold 
when  considering  the  alternative  methods  of  energy  distribution. 
It  is  desired  that  the  reader  shall  receive  a  general  impression,  and 
to  that  extent  only  can  the  paper  achieve  its  object. 

The  Technical  Committee  is  indebted  to  the  authorities  con- 
cerned, and  particularly  to  Mr.  F.  S.  Townend,  who  has  assisted 
the  editor  in  the  co-ordination  of  the  data, 

DATA  ON  COSTS  OF  TRANSMISSION 

Coal  and  Coke. — The  figures  given  in  Table  1  for  the  cost  of 
•conveyance  in  the  railway  company's  wagons  per  ton  of  coal  and 
coke  represent  the  average  for  the  whole  of  Great  Britain,  com- 
piled by  the  Ministry  of  Transport.     They  are  actual  railway 
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charges  as  distinct  from  the  standard  railway  charges  approved 
by  the  Railway  Rates  Tribunal.  These  latter^  whilst  forming  a 
general  basis,  are  subject,  in  probably  the  majority  of  instances, 
to  appreciable  reductions — which  depend  on  local  circumstances, 
such  as  quantity  of  individual  deliveries,  location  of  consumer, 
€tc.  The  figures  given  in  the  table  are  averages  for  the  different 
distances,  taking  all  these  exceptional  rates  into  consideration.  In 
general,  they  are  between  25  and  42  per  cent,  less  than  the 
standard  rates.  Rates  for  coal  for  shipment  are  still  less,  the 
figures  in  Table  1  referring  to  landsale  only.  It  may  be  noted  that 
the  average  rail-haul  for  landsale  coal  throughout  Great  Britain 
is  54.5  miles  and  for  coal  for  shipment  24.26  miles.  The  costs 
given  in  the  table  cover  conveyance,  wagon  hire,  and  station 
terminal  charges.  They  do  not  take  into  account  such  transmission 
losses  as  evaporation  of  moisture,  etc. 


TABLE  1. 
COST  OF  CONVEYANCE  BY  RAIL  OF  COAL,  COKE  AND  FUEL  OIL 


Distance 

Coal  and  Coke 

Oil 

Coal 

Coke 

Fuel  Oil 

in  miles. 

per  ton. 

per  ton. 

per  therm. 

per  therm. 

per  therm. 

s.  d. 

s.  d. 

Pence 

Pence 

Pence 

5 

1     3 

4   10 

0-050 

0-054 

0-136 

25 

3     6 

8     9 

0-139 

0-150 

0-246 

50 

5     3 

12     4 

0-209 

0-225 

0-348 

100 

8     6 

17     5 

0-338 

0-364 

0-491 

One  therm  =   100,000  B.Th.U. 
Gross  calorific  values  assumed:     Coal  13,500  B.Th.U.  per  lb. 

Coke  12,500 

Fuel  oil      19,000 

Oil. — The  figures  given  in  Table  1  as  the  cost  of  conveyance  by 
rail  per  ton  of  oil  have  been  furnished  by  one  of  the  large  oil 
distributing  companies.  They  cover  (a)  delivery  from  storage 
tank  into  rail  car,  (b)  railway  rates  averaged  from  exceptional 
rates  over  the  whole  country,  and  (c)  rail  car  hire.  The  actual 
■cost  of  pumping  out  of  the  rail  car  is  borne  by  the  consumer,  and 
as  such,  is  not  included  in  the  data  given  in  the  table.  A  figure 
of  13d.  per  ton  may  be  considered  representative  of  this  charge. 

In  converting  the  cost  of  conveyance  of  coal,  coke,  and  oil  per  ton 
into  the  corresponding  costs  per  therm,  the  calorific  values  given 
in  Table  1  have  been  used.  These  are  gross  heating  values,  and 
thus  the  figures  represent  the  cost  per  therm  of  total  potential 
heat. 
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Gas. — In  Table  2  are  given  the  costs  of  transmission  of  different 
quantities  of  gas  over  varying  distances,  based  on  the  data  recently 
published  by  S.  Lacey.^ 

TABLE  2. 

COST  OF  TRANSMISSION  OF  GAS  IN  VARYING  QUANTITY 
OVER  VARYING  DISTANCES 


1      Pence 

per  1,000 

eu.  ft. 

Pence  per  therm. 

Quantity  of  gas  per 
day.  cu.  ft. 

5 
mill. 

25 
mül. 

50 
mill. 

5 
mill. 

25       1       50 
mül.     !     mill. 

Equivalent   therms 
per  day 

25,000 

125,000 

250,000 

25,000 

125,000 

250,000 

5  mues 
25     „ 
50     „ 
100     ., 

0-51 
2-00 
3-20 

0-27 
1-28 
2-24 
3-65 

1-03 
1-66 
2-74 

0-102 
0-400 
0-640 

0052 
0-256 
0-448 
0-730 

0-206 
0-334 
0-548 

Calorific  value  of  gas  assumed  at  500  B.Th.U.  per  cu.  ft. 
(60°F.  and  30"  saturated). 

In  calculating  the  figures,  the  most  economic  sizes  of  mains  and 
inlet  pressures,  assuming  that  the  terminal  gauge  pressure  is 
1  lb.  per  square  inch,  have  been  determined.  These,  however, 
depend  largely  on  the  cost  of  power  for  compression  and  the  cost 
of  the  mains,  including  the  laying  thereof.  Whilst  Lacey's  data 
have  been  chosen  to  give  average  conditions  in  this  country,  appre- 
ciable variations  from  the  figures  given  in  Table  2  may  conceiv- 
ably be  expected.  If  there  is  a  specially  cheap  source  of  power, 
say,  from  "waste  heat,"  the  cost  of  transmission  of  gas  would 
show  a  reduction.  If  the  main  is  laid  through  important  thorough- 
fare of  a  town  or  along  arterial  roads  where  main-laying  is 
expensive,  the  cost  would  be  increased.  On  the  other  hand,  if  it 
is  possible  to  lay  the  mains  for  long  distances  on  the  green  verge 
of  roads  or  through  open  country,  the  cost  would  be  reduced.  It 
is  a  combination  of  the  factors  making  for  low  costs  of  trans- 
mission which  has  determined  the  extremely  high  compression 
and  relatively  long  distances  economically  permissible  in  the  bulk 
gas  distribution  schemes  in  Germany.  The  figures  given  in 
Table  2  assume  that  the  whole  of  the  dififerent  volumes  of  ga.> 
travel  through  the  whole  of  the  distances  stated.  For  very  long 
distances  this  would  seldom  be  the  case,  as,  without  doubt,  it 
would  be  arranged  to  take  off  supplies  to  villages  and  country 


^Oas  World.   ICth  June,  1928,  p.  636. 
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towns  en  route.  This  would  affect,  to  some  considerable  degree, 
the  cost  of  distribution.  It  is  essential  when  investigating  schemes 
of  distribution  of  gas  that  each  be  examined  on  its  own  merits. 

Electricity. — The  estimated  costs  of  transmission  of  electricity 
under  varying  conditions  are  given  in  Tables  3  and  4.  They  are 
calculated  from  information  similar  to  that  which  forms  the  basis 
of  the  scheme  of  the  Central  Electricity  Board.  Two  systems  are 
included,  (a)  132.000  volt  overhead,  and  (b)  66,000  volt  under- 
ground lines.  The  figures  cover  interest,  depreciation,  local  rates, 
etc.,  together  with  way-leaves  and  communications.  It  is  assumed 
that  the  high-tension  current  is  transformed  at  the  end  of  the 
line  down  to  11,000  volts,  at  which  pressure  it  enters  the  distribut- 
ing mains  of  the  area  of  supply.  The  cost  of  sub-stations  for  this 
purpose  is  included.  Further  transforming  to  house  voltage  is 
considered  as  part  of  distribution  as  distinct  from  transmission, 
and  is  excluded  from  the  above  figures.  An  allowance  has  been 
made  for  electrical  losses.  The  figures  in  Table  3  and  4  comprise 
the  transmission  of  100,000  kW.  and  50,000  kW.  at  three  load 
factors,  the  influence  of  the  load  factor  being  as  important  as  that 
of  the  distance  of  transmission  within  the  range  of  data  under 
consideration. 


COST  OF  TRANSMISSION  OF  ELECTRICITY  BY  DIFFERENT  SYSTEMS  AT  VARYING  LOADS. 
PENCE  PER  THERM  (100,000  B.Th.U.) 


System     .  . 

Overhead  at  132,000  volts. 

Underground  < 

at  66,000  volts. 

Load 

100,000  k 

W. 

5(1 

,000  k\ 

V. 

10 

0,000  k 

W. 

50 

,000  k\ 

V. 

Load  factiir  (per  cent.) 

100 

50 

25 

100 

50 

25 

100 

50 

25 

100 

50 

25 

25  miles 
50      ,, 
lOo      „ 

0-492 
0-756 
1-28 

0-797 

1-31 

1-95 

1-45 
2-35 
3-56 

0-495     0-830 
0-761      1-37 
1-28       20/ 

1-51 
2-48 
3-76 

1-15 
2  03 

2-03 
3-6 

3-89 
6-9 

1-16 
203 

2-04 
3-6 

3-96 
6-9 

TABLE  4. 

COST  OF  TRANSMISSION  OF  ELECTRICITY  BY  DIFFERENT  SYSTEMS  AT  VARYING  LOADS. 
PENCE  PER  KILOWATT-HOUR. 


System 

Overhead  at  132,000  volts. 

Underground 

at  66,000  volts. 

Load 

100,000  kW. 

50,000  kW. 

10 

0,000  kV 

V. 

50,000  kW. 

Load 

Factor 
(per  cent.) 

100 

50 

25 

100 

50 

25 

100 

50 

25 

100 

50 

25 

25  miles 
50     „ 
100     „ 

0-0168 
0-0258 
0-0436 

0-0272 
0-0447 
0-0666 

0-0494 
0-0802 
0-1203 

0-0169 
0  0260 
0-0437 

00283 
0-0468 
0  0706 

00516 
0-0845 
01283 

00393 
0-0394 

0-0694 
0-1229 

0-1325 
0-2348 

0  0395     0-0697 
0-0895  ,0-1230 

0-1351 
0-2350 
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THE   INFLUENCE   OF  COST   OF  TRANSMISSION   OF 
VARIOUS  FORMS  OF  ENERGY 

It  is  proposed  to  illustrate,  with  the  aid  of  the  data  already 
submitted,  some  instances  of  the  influence  which  the  cost  of 
transmission  of  energy  in  various  forms  exerts  on  the  final  cost 
of  energy  to  the  community. 

Coal  is  the  ultimate  source  at  present  of  practically  all  domestic 
and  industrial  energy  in  Great  Britain,  and  is  likely  to  continue 
as  such  during  the  future.  Moreover,  by  far  the  greater  propor- 
tion of  these  energy  requirements  are  satisfied  by  the  combustion 
of  coal  in  its  raw  state.  Coal  must  be  produced  where  coal  is 
found,  that  is  in  the  coalfields,  whereas,  the  points  of  consumption 
of  the  energy  in  the  coal,  whether  required  as  coal  or  as  its 
derivative  forms — coke,  gas  and  electricity — are  spread  over  the 
whole  of  the  country.  There  is  no  question,  except  where  special 
local  circumstances  are  favourable,  that  the  most  economical 
method  of  obtaining  energy  is  by  production  in  bulk,  but  it  is 
often  accepted,  without  adequate  thought,  that  the  situation  for 
the  most  economical  production  of  the  above  derivative  forms  of 
energy  is  also  at  the  coalfields.  This  involves  the  bulk  transmis- 
sion of  coke,  gas  and  electricity.  But,  in  fact,  the  charges  involved 
in  the  production  of  energy  as  gas  or  electricity,  other  than  the 
cost  of  coal,  can  be,  and  indeed  often  are,  as  favourable  at  the 
area  of  supply  as  at  the  colliery.  In  this  case  the  only  factor 
which  would  lead  to  a  difference  in  the  cost  of  the  derived  form 
of  energy  at  the  area  of  supply  would  be  any  difference  between 
the  cost  of  conveyance  of  coal  from  the  colliery  and  transmission 
of  the  resulting  gas  or  electricity.  The  question,  therefore,  arises, 
which  of  the  two  involves  the  lesser  cost  to  the  consumers  in  the 
area  of  supply — the  cost  of  conveying  the  coal  for  the  local 
production  of  energ}-  or  the  cost  of  transmitting  the  energy  in  its 
final  form  from  the  colliery? 

Whilst  the  problem  has  been  stated  in  terms  of  colliery  and  area 
of  supply,  the  same  problem  arises  when  dealing  with  two  areas 
of  supply,  one  of  which  is  more  remote  in  a  direct  line  from  the 
colliery.  In  this  case,  the  question  is,  which  is  the  more  economical 
scheme  to  the  remote  area — to  undertake  the  cost  of  transmitting 
energy  as  gas  or  electricity  from  the  nearer  area,  or  to  undertake 
the  extra  rail  charges  on  coal  for  energy  production  in  the  remote 
area.     It  is  proposed  to  give  the  results  of  the  investigation  of 
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some  typical  instances  in  which  the  costs  of  transmitting  coal,  gas 
and  electricity  would  largely  determine  the  situation  of  the  point 
of  generation  in  relation  to  the  area  of  supply. 

Coal  Gas  Production. — Let  us  assume  that  a  particular  area 
requires  a  daily  supply  of  25,000,000  cu.  ft.  of  coal  gas.  Two 
schemes  are  available  for  supplying  these  requirements  :  — 

(a)  Coal  can  be  railed  from  some  colliery  to  the  particular 
area  and  the  gas  produced  at  that  point  ;  or 

(b)  Coal  can  be  carbonised  at  the  colliery  and  the  resultant 
products  of  carbonisation — coke  and  gas — transported  into 
the  area  of  supply. 

The  problem  is  not  quite  so  simple  as  that  of  electrical  genera- 
tion, since,  in  the  manufacture  of  coal  gas,  for  every  15,000  cu.  ft. 
of  coal  gas  produced  there  are  approximately  10  cwt.  of  coke  for 
disposal.  In  other  words,  the  cost  of  conveying  the  coal  in  scheme 
(a)  in  efifect  conveys  15,000  cu.  ft.  plus  10  cwt.  of  coke  to  the 
point  of  consumption.  Assuming  that  all  other  costs  are  similar 
the  problem,  therefore,  resolves  itself  into  comparing  the  cost 
of  conveying  15,000  cu.  ft.  of  gas  plus  10  cwt.  of  coke  from 
colliery  to  area  of  supply  with  the  cost  of  conveying  one  ton  of 
coal  the  same  distance.  As  the  cost  of  gas  transmission  varies 
v.'ith  the  quantity  delivered,  the  figures  in  the  table  on  the  following 
page  are  given  in  the  form  of  the  total  amount  expended  on 
transport  per  day. 

These  figures  show  that  for  a  comparatively  small  quantity  of 
gas,  such  as  5,000,000  cu.  ft.  per  day,  it  is  cheaper  to  convey  gas 
and  coke  distances  up  to  the  order  of  five  miles  than  to  rail  the 
coal  necessary  for  gas-making  purposes.  For  distances  beyond 
five  miles  it  is  cheaper,  however,  to  rail  the  coal  than  to  convey 
gas  and  coke. 

For  quantities  of  the  order  of  25,000,000  cu.  ft.  of  gas  per  day 
the  economic  limit  appears  to  be  between  twenty-five, and  fifty 
miles,  say  about  thirty-five  miles.  Up  to  that  distance  it  is  cheaper 
to  transmit  gas  and  rail  coke.  For  distances  beyond  about  thirty- 
five  miles  it  is  cheaper  to  convey  the  coal  for  gas  making. 

For  large  quantities  of  gas  of  the  order  of  about  50,000,000  cu. 
ft.  per  day  it  would  appear  to  be  cheaper  to  pump  gas  and  rail 
coke  for  distances  up  to  100  miles  and  beyond.  There  may  be 
some  distance  greater  than  100  miles  at  which  it  becomes  cheaper 
to  rail  coal. 

The  foregoing  is  an  arbitary  comparison,  assuming  that  the  other 
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charges  entering  into  the  cost  of  production  of  gas  are  the  same 
at  the  colliery  and  at  the  area  of  supply.  If,  however,  as  in  the 
case  of  coke  oven  plants  v^here  the  gas  is  produced  as  a  by- 
product and  where,  under  ordinary  circumstances,  a  better  price 
is  obtained  for  metallurgical  coke  than  for  gas  coke,  the  above 
considerations  would  not  apply.  The  surplus  coke  oven  gas 
«hould  then  be  available  at  a  price  which^  together  with  the  trans- 
mission cost,  would  enable  it  to  be  delivered  at  an  economic  price 
at  greater  distances  than  those  indicated. 

DAILY  COST  OF  CONVEYING  COAL  FOR  COAL-GAS  MANUFACTURE 
COMPARED  WITH  CONVEYING  THE  RESULTING  GAS  AND  COKE 


Distance 
(miles) 

Quantity  of  Gas  per 

millions  of  cu. 

5                  25 

day  in 

ft. 

50 

5 

Coal 

Gas  and  coke 

Difierence     (coal-gas 
coke  ) 

... 

and 

;é21 
21 

;Ê104              î 

80 

;é208 

Nil 

+    24 

— 

25 

Coal              

Gas  and  coke 

Difference     (coal-gas 
coke) 

and 

£58 
71 

£292 
280 

;é584 

506 

—   13 

+    12 

+    78 

50 

Coal 

Gas  and  coke 

Difierence     (coal-gas 
coke) 

and 

;é87 
110 

£437 
451 

£874 
785 

—  23 

—   14 

+    89 

100 

Coal 

Gas  and  coke 

Difierence     (coal-gas 
coke) 

and 

£142 

;^708 

734 

£1416 
1278 

— 

—  26 

-M  38 

Electricity  Generation. — The  problem  here  dealt  with  is  the 
relative  costs  of  distributing  electricity  over  varying  distances, 
and  the  cost  of  conveying  over  the  same  distance  the  coal  required 
for  the  production  of  the  same  amount  of  electricity. 

Taking  the  basis  of   100,000  kW.  maximum  load  and  an  effi- 
ciency of  generation  of  20  per  cent.,  the  quantity  of  coal  (of 
calorific  value  13,500  B.Th.U.  per  lb.)  required  per  100,000  kWh.  is 
100,000x3,412x5 
=56.5  tons. 


13,500x2,240 


834 


c27 


GREAT  BRITAIN:   TRANSMISSION  OF  ENERGY 

In  the  following  table  will  be  found  the  costs  of  distributing 
100,000  kWh.  over  varying  distances  and  under  varying  conditions 
of  load  factors,  taken  from  Table  3,  compared  with  the  cost  of 
conveying  56.5  tons  the  same  distance. 


Distance 
(miles). 

Load  factor 
100                     50 

(per 

cent.) 

25 

25 

{a)   Electricity 
(b)   Coal 

Difference  (a)  ■ — 

ib) 

1  £ 

7-0      £ 
9-9  : 

11-3 

9-9 

;  £        20-6 
;             9-9 

—        2-9  1  £  + 

1-4 

;  £  +    10-7 

50 


(a)   Electricity           ...[  £  10-8      £  18-7  ,  £  33-4 

{b)   Coal  '  14-8  I  14-8  14-8 


Difference  {a)  —  [b]     \   £  —        ^'0  \  £   +         2-^      £   ^       18-6 


100 


(a)  Electricity  ...'   £  18-2  I  £  27-8      £  50-3 

[b)  Coal         '  24-0  24-0  24-0 


Difference  (a)_— (è)     \  £_—_       5-8  I  j;  +         3-8      £  +      26-3 

From  these  figures  it  will  be  observed  that  at  100  per  cent,  load 
factor  the  cost  of  transmitting  electricity  is  cheaper  than  convey- 
ing the  requisite  coal  for  all  the  distances  up  to  100  miles.  At: 
50  per  cent,  load  factor  the  reverse  is  the  case,  and  still  more  so 
with  25  per  cent,  load  factor. 

The  cost  of  transmitting  electricity  equals  that  of  conveying  the 
equivalent  coal  for  generation  at  60  per  cent,  to  70  per  cent,  load 
factor. 

Assuming  the  yearly  demands  of  any  particular  area  with  100,000 
kW.  maximum  load  are  438,000,000  kWh.  of  electricity,  with  a 
load  factor  of  50  per  cent.,  the  extra  cost  involved  in  receiving  a 
bulk  supply  from  a  distance  of  50  miles  as  against  generating  its 
own  electricity  from  coal  railed  the  same  distance  will  be 

438,000,000     _      ,^,_ 

Toâo5^"^-^=^^^'^^ 

With  only  a  25  per  cent,  load  factor  the  extra  cost  involved  will 
be  of  the  order  of  four  times  and  upwards  of  this  amount. 

Co.sT  OF  Transport  of  Energy  for  "Domestic"  Purposes  in 

Great  Britain 

It  is  of  interest  to  estimate,  with  the  aid  of  the  data  already 

given  in  this  communication,  the  annual  cost  to  the  community 

of  transporting  the  present  requirements  of  energy,  in  the  form  of 
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coal  for  domestic  purposes,  from  colliery  to  consumer,  and  to 
determine  if  any  reduction  would  be  obtained  if  the  raw  coal  now 
used  were  replaced  entirely  {a)  by  products  of  carbonisation,  i.e., 
gas  and  coke,  and  (b)  by  electricity. 
Considering  only  the  coal  consumed  as  coal  for  domestic  pur- 
poses together  with  that  used  in  gas  and  electricity  works,  during 
1925,  64,700,000  tons  of  coal  were  used,  dissected  as  in  column  2 
of  Table  5. 

TABLE  5. 


Assuming  that  the  efficiency  of  heat  conversion  in  a  gasworks  is 
80  per  cent,  and  in  electricity  generation  is  20  per  cent.,  the  heat 
available  after  conversion  (stated  as  equivalent  tons  of  coal)  is  as 
given  in  the  third  column.  Assuming  that  the  overall  efficiency  of 
utilisation  is  15  per  cent,  for  domestic  coal,  35  per  cent,  for  gas 
and  coke  and  100  per  cent,  for  electricity,  the  effective  heat  re- 
quirements in  use  (again  stated  as  equivalent  tons  of  coal)  will 
be  12,250,000  tons  of  coal  (fourth  column  of  Table  5).  In  other 
words,  whilst  the  heat  requirements  for  domestic  purposes  for 
gas  and  for  electricity  in  1925  were  equivalent  to  12,250,000  tons 
of  coal,  it  was  necessary  to  mine,  transport,  and  consume 
64,700,000  tons  of  coal. 

It  has  already  been  stated  that  the  average  rail-haul  for  inland 
coal  is  about  fifty  miles,  and  the  cost  to  transport  one  ton  of  coal 
this  distance  is  5s.  3d.  (Table  1).  The  annual  cost  to  the  com- 
munity of  transporting  64,700,000  tons  of  coal,  therefore,  is 
il  7,000,000. 

(a)  Replacement  by  Gas  aoid  Coke. — Let  it  be  assumed  that  the 
heat  requirements,  namely,  the  equivalent  of  12,250,000  tons  of 
coal,  be  satisfied  entirely  in  the  form  of  gas  and  coke,  then  the 
total  coal  required  to  be  carbonised  would  be 
12.250,000 


0.8x0.35 


=45,300,000  tons. 
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If  this  were  carried  by  rail  fifty  miles  from  colliery  to  consumer, 
the  cost  to  the  community  of  transport  at  Ss.  3d.  per  ton  would  be 
£11,900,000. 

If,  however,  this  coal  were  carbonised  at  the  colliery  and  the 
coke  and  gas  products  in  the  proportion  of  75  therms  of  gas  and 
10  cwt.  of  coke  were  transported  fifty  miles,  the  cost  of  transport 
per  ton  of  coal  carbonised  is  given  by 

75x0.334d.+0.5x5s.   3d.=4.7  shillings 
and  the  annual  cost  to  the  community  would  be 

^^•~  X  4.7= £10.650.000 

Thus,  it  appears  that  if  all  the  heat  requirements  now  being 
satisfied  by  domestic  coal  and  by  gas  and  electricity  undertakings 
were  met  by  gas  and  coke  only,  there  would  be  a  yearly  saving 
in  the  cost  of  transport  of  between  five  and  seven  million  pounds 
sterling. 

(b)  Replacement  by  Electricity. — If,  now,  these  same  heat  re- 
quirements were  covered  by  the  generation  of  electricity  at  a 
conversion  efficiency  of  20  per  cent,  the  amount  of  coal  required 
would  be 

12.250.000      ^,  .^^^^ 
— =  61,300,000  tons. 

The  total  cost  of  transporting  this  amount  of  coal  from  colliery 
to  electricity  works,  an  average  of  fifty  miles,  is  61,300,000  x 
5s.  3d.=£16,100,000. 

If,  however,  the  electricity  were  generated  at  the  colliery  and 
distributed  over  an  average  of  fifty  miles,  the  total  cost  would  be 

-'■'^0^f°iil=il9,300.000 

where  the  total  heat  in  one  ton  of  coal  is  290  therms  and  the  cost 
of  transmitting  electricity  at  50  per  cent,  load  factor  a  distance  of 
fifty  miles  is  1.3  pence  (Table  4). 

It  is,  therefore,  seen  that  if  the  heat  requirements  for  domestic 
purposes,  in  the  form  of  raw  coal,  of  gas  and  of  electricity  in 
1925  (and  those  in  1928  may  be  taken  as  very  little  different)  had 
been  satisfied  by  electricity  alone,  the  cost  to  the  community  for 
the  transport  of  the  energy  would,  if  the  electricity  had  been 
generated  at  the  point  of  consumption,  have  been  practically  the 
same  as  at  present,  and  if  the  electricity  had  been  generated  at 
the  colliery,  would  have  been  increased  by  some  £3,000,000. 
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A  consideration  of  these  figures  indicates  that  if  the  heat  require- 
ments for  domestic  purposes,  including  those  now  met  by  gas  and 
electricity  undertakings,  were  satisfied  by  the  products  of  carbon- 
isation of  coal — gas  and  coke — as  undoubtedly  they  can  be, 
considerable  savings  on  the  score  of  the  cost  of  transport  of 
energy  could  be  effected  as  against  the  present  method  of  using 
raw  coal  ;  and  further,  that  the  complete  replacement  by  electrical 
energy  offers  very  little,  if  any,  such  savings.  It  might  even  be 
that  the  cost  of  transport  of  energy  to  the  community  would  be 
appreciably  greater. 

In  conclusion,  it  should  be  emphasised  that  the  costs  of  con- 
veyance of  energy  in  the  three  instances  given  above  are  based  on 
the  arbitrary  condition  that  the  production  costs  at  the  colliery 
are  the  same  as  at  the  area  of  supply.  Whilst  this  may  well  be  the 
case,  there  are  possibilities,  for  instance,  where  gas  or  electricity 
are  secondary  products  of  some  primary  process,  that  the  energy 
may  be  available  for  sale  at  a  less  figure  than  it  is  possible  to  pro- 
duce it  locally.  In  this  case,  bulk  suppHes  of  gas  and  electricity  can 
be  transmitted  longer  distances  than  indicated  herein  without  in- 
volving the  community  in  an  annual  charge  greater  than  at 
present. 

This  possibility  is,  in  fact,  the  chief  justification  for  considering 
bulk  supply  over  long  distances  as  against  local  production,  and 
would  seem  to  determine  whether  bulk  supply  of  energ\'  from 
central  producing  stations  is  advantageous  over  long  distances, 

ZUSAMMENFASSUNG 

Es  werden  in  diesem  Bericht  zuveriässige  Zahlenangaben  über  die  Kosten 
des  Bahntransportes  für  Kohle,  Koks  und  Öl,  des  Fortleitens  von  Gas  und 
der  Übertragung  elektrischer  Energie  über  Entfernungen  von  5-100  Meilen 
gemacht.  Diese  Angaben  werden  sinngemäss  auf  die  englische  Tonne,  1  000 
Kubikfuss,  die  Kilowattstunde  und  bei  Wärmeenergie  auf  das  "Therm" 
bezogen. 

Diese  Angaben  werden  auf  drei  Beispiele  angewendet.  Bei  der  Kohlen- 
gaserzeugung, so  wird  gezeigt,  besteht  eine  untere  Entfernungsgrenze,  unter 
der  der  Transport  der  Kohle  von  der  Grube  zum  Gaswerk  grössere  Kosten 
mit  sich  bringt  als  wenn  Gas  und  Koks  an  der  Grube  selbst  erzeugt  und  mit 
der  Bahn  zum  Verbrauchsort  geführt  werden.  Diese  Entfernungsgrenze 
schwankt  von  etwa  5  Meilen  bis  über  100  Meilen,  je  nach  der  Menge  des 
beförderten  Gases.  Bei  Koksöfen,  wo  das  Gas  als  Nebenerzeugnis  auftritt 
und  wo  für  gewöhnlich  für  Zechenkoks  ein  besserer  Preis  erzielt  wird  als 
für  Gaskoks,  sollte  das  Gas  zu  einem  Preis  zu  haben  sein,  der  einschliesslich 
Fortleitungskosten  eine  Versorgung  mit  Gas  zu  einem  wirtschaftlichen 
Preise,  unter  Umständen  über  grössere  Entfernungen,  möglich  machen  sollte. 
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Bei  der  Erzeugung  elektrischer  Energie  gibt  der  Belastungsfaktor  den 
Ausschlag,  welche  Methode  der  Stromerzeugung  in  Bezug  auf  die  Über- 
tragungskosten die  vorteilhafteste  ist,  d.h.  ob  der  Strom  an  der  Grube  oder 
ob  an  Ort  und  Stelle  im  Versorgungsgebiet  erzeugt  werden  soll.  Bei  einem 
Belastungsfaktor  von  60-70  %  bleiben  sich  die  Kosten  der  Übertragung 
elektrischer  Energie  und  der  Beförderung  der  erforderlichen  Kohlenmenge 
gleich. 

Im  Jahre  1925  wurden  in  Grossbritannien  etwa  ;^  17  000  000  ausgegeben 
zur  Beförderung  von  Kohle  für  den  Haushalt  und  für  Gas-  und  Elektrizitäts- 
werke. Wäre  die  Rohkohle  durch  Koks  und  Gas  ersetzt  worden,  so  hätten 
sich  die  Kosten  zur  Beförderung  der  erforderlichen  Kohle  nur  auf 
;^  1 0- 1 2  000  000  belaufen,  während  sie  bei  Ersatz  durch  Elektrizität 
;^16-19  000  000  betragen  hätten,  je  nachdem,  ob  sich  die  Erzeugungsstätten 
des  Stromes  über  das  Land  hin  verteilt  oder  an  den  Gruben  befunden  hätten. 
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Introduction 

The  purpose  of  this  paper  is  to  consider  the  principal  matters 
which  affect  the  financial  results  of  any  project  involving  the 
transmission  of  fuel  gases  over  considerable  distances  through 
pipe  lines. 

The  experience  of  the  natural  gas  industry,  as  developed  during 
the  past  fifty  years  in  the  United  States,  it  is  thought,  may  be  used 
advantageously  as  a  basis  for  the  consideration  of  these  economic 
matters,  because  long  distance  transmission  of  a  natural  fuel  gas 
is  an  essential  part  of  the  industry. 

In  1872  a  pipe  line  2  in.  in  diameter  was  laid  to  the  City  of  Titus- 
ville  in  Pennsylvania  from  natural  gas  wells  5|  miles  distant,  and 
natural  gas  was  transmitted  and  sold  for  fuel  in  the  city.  This 
undertaking  marked  the  beginning  of  what  has  grown  to  be  a  great 
industry  in  America.  At  that  period  wells  were  being  drilled 
throughout  Western  Pennsylvania,  New  York,  Ohio  and  West 
Virginia,  in  the  search  for  oil,  and  since  much  natural  gas  was  also 
found,  the  small  enterprise  at  Titusville  was  soon  repeated  and 
enlarged  upon  as  to  other  towns  and  cities  throughout  all  this 
region.  Buffalo,  Pittsburg,  Cleveland,  Youngstown,  Cincinnati 
and  Toledo,  all  great  industrial  centres,  were  early  supplied  with 
natural  gas  as  fuel  through  the  agency  of  transmission  pipe  lines 
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extending  to  them  from  distant  wells,  and  they  are  still  so  supplied. 

The  pipe  lines  laid  for  transmitting  natural  gas  in  these  states 
between  the  years  1872  and  1890  did  not  generally  exceed  about 
8  in.  in  diameter.  The  pipe  was  made  of  wrought  iron  and  the 
joints  connected  with  screwed  couplings.  The  pressure  in  the  pipe 
lines  was  carried  at  about  80  lb.  At  that  period  the  transmission 
pipe  lines  were  not  of  great  length  because  of  the  location  of  gas 
wells  with  reference  to  the  cities  supplied.  In  1891,  the  Indiana 
Natural  Gas  &  Oil  Company  laid  two  parallel  pipe  lines  8  in.  in 
diameter  a  distance  of  120  miles  from  natural  gas  wells  drilled  near 
Greentown  in  Indiana  to  Chicago,  Illinois.  The  pipe  was  made 
of  wrought  iron,  connected  with  screwed  couplings,  and  the  gas 
was  transmitted  under  an  initial  pressure  of  525  lb.  per  sq.  in. 
Mechanical  compression  was  used.  This  enterprise  marked  the 
beginning  of  long-distance  high  pressure  transmission  in  the  United 
States. 

Since  that  time  considerable  development  in  this  industry  of 
transmitting  and  marketing  natural  gas  has  taken  place.  Much 
gas  has  been  found  in  California,  Wyoming,  Texas,  Oklahoma, 
Arkansas  and  Louisiana,  and  is  being  transmitted  through  systems 
of  pipe  lines  as  large  as  22  in.  in  diameter,  and  under  pressures  of 
gas  as  high  as  400  lb.  In  the  Eastern  States  these  pipe  line  systems 
extend  from  Cleveland  on  Lake  Erie,  as  far  South  as  Kentucky,  and 
thus  transmit  natural  gas  for  distances  of  350  miles  from  wells  to 
markets.  In  the  Western  States  some  pipe-line  systems  are  in 
excess  of  400  miles  in  length.  In  this  manner  1,200  bilHon  cu.  ft. 
of  natural  gas  was  transmitted  and  marketed  in  the  United  States 
in  1927.  Therefore,  it  is  from  this  background  of  experience  that 
the  following  matters  are  presented. 

The  production  of  natural  gas  is  essentially  a  mining  operation, 
and  because  of  the  natural  difficulties  which  surround  such  industries, 
it  is  necessary  to  assemble  a  large  amount  of  proven  and  prospective 
gas-bearing  territory  and  place  it  behind  any  project  involving 
marketing  the  gas  as  fuel  for  domestic  or  industrial  purposes  in 
order  to  secure  a  continuous  supply  of  gas  over  a  long  period  of  time. 

The  development  of  this  gas  reserve  with  the  necessary  wells  of 
exploration  and  those  required  for  regular  production,  makes 
necessary  a  large  investment  of  money  and  entails  heavy  fixed  and 
operating  charges.  Therefore,  to  meet  these  charges,  large  volumes 
of  gas  must  be  sold  yearly  from  the  property,  and  this  can  only  be 
done  by  marketing  it  as  a  fuel  in  competition  with  all  other  forms 
of  fuel,  namely,  coal,  oil  and  manufactured  gas. 
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In  marketing  natural  gas  from  properties  assembled  as  above 
described,  it  will  be  clear  that  the  distance  over  which  the  gas  may 
be  transmitted  is  very  definitely  limited  by  the  character  of  the 
market  which  it  is  proposed  to  supply.  Thus,  a  large  yearly  demand, 
coupled  with  a  high  daily  load  factor,  and  no  unusually  low  prices 
for  competitive  fuel,  will  make  economically  possible  the  pipe-line 
investment  required  to  transmit  the  gas  long  distances.  But,  on 
the  other  hand,  should  any  of  these  factors  be  unfavourable,  trans- 
mission possibilities  are  materially  affected. 

In  the  following  study  these  several  factors  will  be  considered 
separately. 

To  make  the  transmission  subject  clear  to  those  unfamiliar  with 
natural  gas  pipe  lines,  the  following  brief  description  of  their  con- 
struction is  presented. 

General  Description  of  Transmission  Pipe  Lines 

Pipe.  Until  about  the  year  1890  nearly  all  the  pipe  used  in 
this  country  was  made  from  puddled  grey  forge  pig  iron  rolled  into 
muck  bar  and  skelp. 

The  demand  for  pipe  for  all  purposes  increased  rapidly  as  the 
oil  and  gas  industry  expanded,  and  since  the  puddling  of  iron  is 
very  laborious  and  steel  is  cheaper  to  manufacture,  pipe  made  from 
steel  rapidly  displaced  iron  pipe  to  a  very  large  exrent. 

Pipe  which  is  made  from  steel  sheets  either  by  the  Bessemer  or 
Open  Hearth  processes  and  lap  welded  in  the  usual  manner  generally 
conforms  to  the  following  physical  specifications: — 

Bessemer.         Open  Hearth. 

Tensile  strength,      lb.  per  sq.  in.  ...      50,000  ...        45,000 

Yield  point  lb.  per  sq.  in.  ...      30,000  ...        25,000 

Elongation  in  8  in.  /)^r  cß??/.  ...  20  ...  22 

Similar  specifications  for  pipe  made  of  wrought  iron  are  as  follows: — 
Tensile  strength,      lb.  per  sq.  in.  ...  ...  ...        42,000 

Yield  point,  lb.  per  sq.  in.   ...  ...  ...        24,000 

Elongation  in  8  in.,  ^gy  c^;;/.  ...  ...  ...  12 

This  pipe  is  made  in  diameters  up  to  24  in.,  and  in  varying  thick- 
nesses by  the  use  of  lap  welding  rolls.  Larger  diameters  are  usually 
lap  welded  by  the  use  of  suitable  hammers.  Lap  weld  pipe,  16  in. 
and  larger  in  diameter,  is  made  in  sections  varying  from  17  to  20  ft. 
in  length. 

Electrically  welded  pipe  is  just  now  being  introduced  in  this 
country  to  some  extent.  Steel  high  in  carbon  and  hence  of  high 
tensile  strength  is  generally  used  in  making  pipe  by  this  process. 
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This  material  has  entered  the  market  for  pipe  so  recently  that 
specifications  for  its  manufacture  have  not  as  yet  been  generally 
adopted.  Seamless  pipe  has  not  yet  been  manufactured  in  large 
diameters,  such  as  required  by  present  practice  for  large  gas  trans- 
mission projects. 

Coupling  Pipe  Sections  Together.  For  pipe  lines  built  to  transmit 
gas  over  considerable  distances  present  practice  is  to  make  the  ends 
of  the  pipe  sections  plain  and  cut  square  with  the  length.  The 
sections  when  placed  end  to  end  forming  the  line  are  connected  by 
one  of  the  two  following  methods: — 

(a)  Welded  by  the  oxyacetylene  process,  or  by  the  electric  arc 
method,  thus  forming  a  round-about  butt  seam. 

(6)  A  sleeve  about  7  in.  long  is  placed  over  the  abutting  ends  of 
the  pipe  and  a  ring  of  rubber  held  by  a  follower  and  bolts  pack 
each  end  of  the  sleeve. 

The  practice  of  welding  pipe  joints  together  with  acetylene  gas 
when  pipe  of  low  carbon  steel  is  used  has  been  growing  steadily 
since  about  1912,  and  many  pipe  lines  of  diameters  12  in.  and  under 
have  been  thus  constructed.  In  1924  one  large  transmission  pipe 
line,  using  pipe  14  in.,  16  in.  and  18  in.  in  diameter,  was  built  with 
sections  welded  together  by  this  process,  and  one  other  similar  Une 
was  completed  in  1926. 

The  practice  of  welding  will  no  doubt  gradually  increase  and  be 
more  generally  applied  to  large  lines  when  mechanical  means  can  be 
developed  for  doing  welding  in  the  field,  and  when  methods  of 
eliminating  welding  strains  and  providing  for  line  expansion  can 
be  worked  out. 

Method  (b)  is  now  generally  practised  in  the  construction  of  large 
diameter  transmission  pipe  lines.  The  material  of  the  rubber 
rings  has  been  developed  to  resist  deterioration  from  such  hydro- 
carbon liquids  as  are  contained  in  natural  gas  and  the  rubber  makes 
a  joint  with  the  iron  which  is  practically  tight  under  pressures  up 
to  400  lb.  as  now  in  use.  This  method  of  joining  the  pipe  sections 
allows  the  pipe  to  move  slightly  as  it  expands  or  contracts  through 
temperature  changes,  and  this  movement  must  be  carefully  pro- 
vided for  in  all  large  and  heavy  lines. 

Construction.  The  pipe  sections  are  carefuUy  laid  end  to  end 
along  the  right  of  way  of  the  pipe  line  and  are  joined  together, 
making  the  continuous  line.  A  trench  is  dug  either  by  hand  or, 
where  possible,  by  use  of  ditching  machines,  and  after  the  sections 
are  coupled  together  the  pipe  is  lifted  and  lowered  into  the  trench  by 
means  of  suitable  machinery.    The  trench  is  of  such  depth  that  the 
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top  of  the  pipe  will  be  not  less  than  about  24  in.  below  the  surface 
of  the  ground.  Of  course,  in  many  places  where  the  line  traverses 
hilly  and  broken  country,  the  trench  is  much  deeper,  as  the  pipe  of 
large  diameter  can  only  be  bent  in  the  field  to  a  limited  extent,  and 
a  sufficient  weight  of  earth  must  slightly  be  placed  upon  it  to  resist 
the  pressure  tending  to  force  the  joints  apart  when  they  are  coupled 
together  with  a  sleeve  as  in  the  method  {b),  already  described. 

In  long  transmission  pipe  lines  gate  valves  are  usually  placed 
in  the  line,  spaced  about  ten  miles  apart,  to  permit  a  section 
to  be  shut  in  for  quick  repair  without  having  to  drain  the  whole 
line  of  gas. 

At  those  localities  where  the  pipe  line  crosses  swamps  or  rivers, 
a  number  of  small  lines,  usually  8  in.  or  10  in.  in  diameter,  are  laid 
in  parallel  and  brought  together  in  a  header  at  each  end.  These 
lines  have  the  sections  joined  together  either  by  welding  or  by 
means  of  screw  threads  and  collars.  A  heavy  clamp  is  placed  over 
each  such  joint  and  the  lines  are  most  carefully  laid.  In  regions 
where  the  ground  is  continually  wet  or  contains  corrosive  sub- 
stances, the  pipe  is  covered  with  some  protective  coating. 

Compressing  Machinery.  In  compressing  natural  gas  to  pressures 
required  for  transmission,  direct  acting  cylinder  and  piston  type 
compressors  are  now  in  general  use.  Such  compressors  may  be 
driven  by  almost  any  form  of  prime  mover,  but  general  practice  for 
this  service  is  to  connect  the  compressing  cylinders  directly  to  the 
piston  rods  of  a  cross  compound  steam  engine,  or  to  a  single  or 
twin  gas  engine,  thus  making  each  engine  and  compressor  a  com- 
plete unit. 

At  the  compressing  station,  placed  at  the  head  end  of  the  trans- 
mission line  in  the  producing  field,  the  gas  from  all  the  wells  is 
gathered  together  through  pipe  lines  extending  in  various  directions. 
The  pressure  of  the  gas  as  it  reaches  this  initial  station  through 
these  lines  may  vary  widely  over  periods  of  the  day  depending,  of 
course,  upon  the  pressure  in  the  wells,  and  the  volume  which  is 
being  delivered  to  the  station  during  any  hour.  At  this  station 
sufficient  power  is  provided  to  compress  the  gas  from  these  varying 
field  pressures  as  received,  to  the  high  pressure  required  in  the 
transmission  line. 

If  the  length  of  the  transmission  line — the  distance  from  initial 
station  to  the  delivery  end  at  the  market — is  so  great  that  the 
maximum  volume  of  gas  required  per  hour  will  not  pass  through 
the  line,  then  one  or  more  recompensing  stations  may  be  placed 
along  it  to  increase  the  flow  of  gas.  In  these  latter  stations  the 
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ange  of  compression  in  the  cylinders  is  kept  down  so  as  not  to 
exceed  three  to  one  for  continuous  operation.  This  gives  about 
peak  load  on  the  engines  and  is,  therefore,  economical  of  fuel.  Thus, 
suppose  a  pipe  line  of  some  considerable  length  having,  say,  300  lb. 
absolute  pressure  at  the  field  end  and  100  lb.  absolute  pressure  at 
the  outlet  end  and  when  flowing  steadily  will  deliver,  for  example, 
10,000,000  cu.  ft.  of  natural  gas  per  day,  then  if  a  "booster"  station 
having  suitable  compressing  engines  is  placed  in  the  middle  of  the 
length  of  the  line  and  operates  to  reduce  the  pressure  at  that  point 
to  100  lb.  and  recompresses  the  gas  again  to  300  lb.,  the  flow  through 
this  boosted  system  will  be  slightly  more  than  14,000,000  cu.  ft. 
per  day,  providing  that  the  pressure  at  the  outlet  end  remains 
100  lb.  Of  course,  the  pipe  line  may  be  divided  into  several  such 
boosted  sections  to  increase  its  flow  if  necessary. 

Four-cycle  gas  engines  are  usually  the  type  of  prime  movers  used 
in  the  natural  gas  industry  for  driving  the  compressors,  but  there 
are,  of  course,  many  examples  of  large  compression  stations  using 
steam  engines  and  coal-fired  boilers  where  the  location  of  the 
station  renders  this  arrangement  economical. 

General  Consideration  of  Transmission  Problems 

Market  Details.  The  investment  in  pipe  lines  and  compressing 
machinery  comprising  the  transmission  facilities  of  any  natural  gas 
project  is  largely  determined  by  the  load  factor  of  the  whole  market 
to  be  served.  A  first  step,  therefore,  in  determining  the  feasibility 
of  transporting  natural  gas  over  a  considerable  distance  consists  in 
finding  the  maximum  daily  demand  of  the  whole  proposed  market 
and  also  the  total  yearly  sales  for  all  purposes. 

If  gas  is  to  be  sold  for  all  domestic  uses — cooking,  water  heating 
and  house  heating — a  most  careful  study  must  be  made  to  deter- 
mine the  maximum  demand  of  this  house-heating  load  which  will 
be  placed  on  the  transmission  line  on  the  coldest  days  in  winter. 
An  average  domestic  consumer  in  our  Southern  cities  will  require 
about  27,000  cu.  ft.  of  natural  gas  per  year  for  the  two  uses,  cooking 
and  water  heating.  In  Northern  cities  this  volume  will  be  greater, 
possibly  30,000  to  35,000  cu.  ft.  The  daily  demand  for  this  purpose 
is  fairly  steady  in  a  large  city  throughout  the  year. 

The  house-heating  demand,  however,  depends  on  the  competitive 
prices  of  other  fuels,  and  upon  the  average  temperatures  throughout 
the  year.  In  a  paper  written  by  Mr.  P.  McDonald  Biddison,  en- 
titled "Limiting  Factors  for  Natural  Gas  Projectors,"  presented 
at  the  meeting  of  the  American  Gas  Association  at  Dallas,  Texas, 
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May  7,  1928,  the  author  states  that  studies  which  have  been  made 
by  engineers  covering  some  cities  in  our  Southern  states  in  which 
natural  gas  is  used,  indicate  that  an  average  consumer  in  those 
particular  cities  uses  about  16  cu.  ft.  of  natural  gas  per  day  per 
degree  of  temperature  below  65 °F.  for  house  heating. 

On  very  cold  days  the  demand  of  the  whole  domestic  market  in 
some  cities  may  be  two  and  a  half  times  the  volume  of  natural  gas 
required  for  that  class  of  business  on  the  average  day,  using  the 
whole  yearly  demand  as  a  basis  of  comparison.  And  also  on  a  cold 
day  the  domestic  consumer  using  natural  gas  for  house  heating  will, 
in  many  cases,  require  that  70  per  cent,  of  the  whole  day's 
demand  shall  be  delivered  to  him  between  the  hours  of  7  a.m.  and 
7  p.m. 

Experience  shows  that  the  duration  of  the  cold  season,  the  general 
character  of  the  dwellings,  the  earning  power  of  the  consumers, 
and  the  price  of  competitive  fuels,  all  have  their  effect  on  the  volume 
of  natural  gas  which  each  consumer  will  use  per  year,  particularly 
for  house  heating,  and  also  largely  determine  the  number  of  people 
in  any  community  who  will  so  use  the  gas.  As  there  is  no  way  of 
valuing  these  several  factors  exactly,  it  is  recommended  that  a 
study  be  made  of  a  new  market,  when  possible,  by  comparing  it 
with  those  existing  markets  which  present  the  same  general  char- 
acteristics. 

Turning  to  the  industrial  market,  the  daily  load  factor  may  be 
high  if  there  are  many  and  diversified  manufactories  served,  or 
the  same  may  be  low  if  the  reverse  of  these  conditions  obtains. 
It  is,  therefore,  necessary  to  give  the  whole  matter  of  total  sales 
and  peak  demands  of  a  market  most  careful  study  in  analysing  a 
natural  gas  project,  for  as  will  later  be  illustrated,  the  cost  of  trans- 
mission in  most  cases  is  vitally  affected  by  the  irregularity  in 
market  demand. 

Effect  of  Load  Factor  on  Transmission  Costs.  Examples  are  given 
in  Table  I  to  show  in  general  the  trend  of  changes  in  the  investment 
required  to  be  made  and  also  the  resulting  operating  costs,  when 
natural  gas  is  transported  over  distances  var\dng  from  75  to  300 
miles,  in  volumes  varying  from  about  9,000,000  to  26,000,000 
cu.  ft.  per  year,  and  with  daily  load  factors  varying  from  65  per 
cent,  to  100  per  cent. 

The  design  of  pipe  line,  its  diameter  and  power  arrangements 
chosen  for  each  of  these  illustrations,  is  in  conformity  with  general 
engineering  practice  in  the  natural  gas  industry  at  the  present  time. 

The  investment  cost  used  in  the  illustrations  represents  something 
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like  the  average  experience  of  the  present  day  in  la5àng  long  trans- 
portation  pipe   lines   across  ordinary   country  where   no   unusual 
difficulties  are  to  be  met. 
The  item,  "Total  yearly  cost  item,"  includes: — 
(a)  Local  field  management  and  superintendence. 
{b)   Labour  for  maintaining,  operating  and  repairing  the  pipe  line 
and  compressing  stations. 

(c)  Fuel  and  supplies  and  spare  equipment. 

(d)  Eleven  per  cent,  on  the  investment  to  provide  for  retirement 
of  investment  and  interest  on  the  capital  at  6  per  cent.,  but 
does  not  include: — 

(1)  General  overheads  and  accounting. 

(2)  Interest  on  working  capital. 

(3)  Taxes. 

(4)  Provision  for  unusual  replacements. 

Since  a  transmission  system,  to  meet  the  requirements  of  any 
particular  project,  admits  of  variation  in  design  as  to  choice  of  pipe 
diameter,  quality  of  pipe,  operating  pressures,  number  of  re-com- 
pressing stations  and  selection  of  type  in  machinery,  it  is  apparent 
that  the  cost  figures  presented  in  Table  I,  both  for  investment  and 
operating  charges,  are  to  be  accepted  as  illustrative  only,  and  con- 
fined to  systems  designed  in  accordance  with  present-day  practice 
for  lines  of  moderate  length. 

Considering  the  effect  of  daily  load  factor  on  the  transmission 
costs,  for  a  given  yearly  total  delivery  of  natural  gas  over  distances 
within  the  range  of  the  illustrations,  compare  example  1  with  5; 
2  with  6;  3  with  7,  and  4  with  8. 

The  daily  load  factor  of  65  per  cent,  as  used  in  these  illustrations 
is  high  for  markets  consisting  of  both  domestic  and  industrial  con- 
sumers, when  fully  supplied  with  natural  gas  as  fuel.  To  obtain 
a  load  factor  as  good  as  65  per  cent,  in  this  industry  requires  (a)  that 
of  the  whole  market  served  a  very  large  percentage  must  be  com- 
posed of  well  diversified  industrial  consumers,  or  {b)  that  during  the 
mild  seasons  of  the  year,  when  domestic  consumers  use  little  fuel 
for  house  heating,  gas  must  be  sold  in  irregular  but  large  quantities 
at  low  prices  in  competition  with  cheap  fuels  used  for  steam  making, 
or  in  such  employment  as  can  accept  irregular  service. 

It  is  apparent,  therefore,  that  as  the  daily  load  factor  becomes 
lower  the  transmission  costs,  for  any  fixed  yearly  volume  of  delivery 
and  over  any  fixed  distance,  will  increase. 

It  may  also  be  observed  from  the  examples  that  in  general  large 
daily  volumes  of  gas  may  be  transmitted  long  distances  at  lower 

847 


U3 

H 

CO 

-  o 


o         o        o  .  c 

O        O         <n 

o       o       o  ô"- 

o      o      -ü 

o      o      o  m 

■^^    <=>     S 

d      d      d '^ 

^  ^,           î^       d      of       o 

00 

o      o      o 
o      q      q 

2  '^      v  x:      '^     ^      ■ 
>H  H      'S-"      oT      00 

d      cm"      — 

o      t^      — 

^M 

CO                       — 

&» 

d 

C^l 

o        o        0..0 

O        O         U) 

o     o     -y 

O         o         o  o^ 

O      O      O  in 

o      o      0 

d      d      d^ 

4J      d      d      o 

o      o      o 

30C 
18 

Yes 
Thre 

1,18 

1,80 

11 

t^ 

o      o      o 

■ 

d      in"      d 

•<r      -^      t~ 

•*                        1 

•^ 

«» 

d 

~" 

o        o        o  v^o 

o         o        o  0-- 

o       O        to 

o      o      -ji 

O      o      o  in 

o      o       o 

[/,               O         CM          o 

d      d      d  "* 

! 

o      o      o 

.o   r^             1>     O            ^           f~            .^ 

CO 

q      q      q 

{2  2     >.z     <»     ^     £ 

d      m"      d 

«^              ...:. 

•*■<*■      t^ 

«o              "N 

rr 

d 

'" 

o        o        O^o 

es 

0,000 
0.000 
cents 

O        o        o  o" 

O      o      o  in 

d      d      d<^ 

lO 

o      o      o 
o      o      o 

t~-  —         r^  ^         o         CO         to 

d      d      d 

CM               n 

05       c>i       -t 

«* 

Tf 

d 

o        o        O^o 

lO 
10 

es 

40.000 
32,000 
Scents 

o      o      o5^ 

o      o      o  o 
d      d      d  2 

o      o      o 

•^ 

q      q      q 

o^       ^^       q       CO       o. 

d         ci         f«!" 

—      —      <o 

o       l>       t~ 

co 

«» 

d 

1 

e>» 

o        o        O^o 

O        O         tn 

o      o      *i 

o         o        Oo- 

o      o      o  o 

o      o      t- 

^  r^         tn               d        co"         Ü 

d     d     d  2 

o      o      o 

CO 

q      q      o 

g-        >H^         q        '^.        00 

d      in      in 

Ol        — 

Tf             -*             TT 

«» 

'^ 

d 

"" 

o        o        OvO 

O        O         to 

o        o        o  o^ 

o      o      *i 

O       O       o  o 

(«          o      00       o 

d      d      d  2 

es 

o      o      o 
q      q      o 

{22     ^^     ^.    ^     2 

d      in      in 

^            r;i 

■*             Tt             Tt 

&»           '^ 

■^ 

d 

'^ 

O      o      o  ^ 
o        o       OO^ 

O        O         CO 

o     o      *i 

o      o      o  o 

en                   -            *         ü 

d      d      d  2 

- 

o      o      o 
q      o      o 

"2  ^         ^■^         00         t- 

r ^  ^       ^       fsj       3, 

d      d'      d 

—                       CM 

O)       r^       cvi 

&* 

■<r 

d 

>>:>,■>.•    ■  c 

•       -^      ^^1      ^g      -^       = 

u        u        u              o 

4)           o           0)                 ■- 

Yearly  volume  deliv 
cu.  ft 

Average  daily  deliv 
cu.  ft 

Maximum  daily  deliv 
cu.  ft 

Load  factor,  daily 

Distance  of  transmiss 

e  line,  in. 
g   station 
of  line 
äing  statio 
:,  pipe  line 

y  cost,  ite 
inclusive 
per   1,000 

red    . . . 

miles  ... 
Dia.  of  pip 
Compressin 

field  end 
Recompres: 
Investment 

station... 
Total  yearl 

(a)  to  (d) 
Then,  cost 

ft.  delive 

848 


U.S.A.:  LONG  DISTANCE  GAS  TRANSMISSION 

costs  per  1 ,000  cu.  ft.  than  can  be  accomplished  in  cases  where  small 
daily  volmnes  are  to  be  thus  transmitted. 
The  Future 

Up  to  the  present  time  natural  gas  has  not  been  transmitted  a 
greater  distance  from  wells  to  markets  than  about  350  miles,  except 
in  those  cases  where  the  transmission  system  serves  many  markets 
intervening  between  the  producing  fields  and  the  most  distant 
markets. 

The  present-day  design  of  natural  gas  transmission  systems  using 
gas  pressures  not  exceeding  400  lb.,  as  before  described,  and  using 
pipe  up  to  22  in.  in  diameter  with  comparatively  thin  walls,  and 
having  the  joints  put  together  with  couplings,  has  met  the  operating 
requirements  of  the  natural  gas  industry  in  its  development  up  to 
the  present  time.  But,  as  projects  are  arising  in  which  it  is  required 
that  natural  gas  shall  be  transmitted  to  mean  distances  of  450  miles, 
and  greater,  and  upon  dehvery  shall  admit  of  sale  in  competition 
with  coal  and  oil  at  their  normal  prices,  we  find  that  the  further 
lengthening  of  pipe  lines  with  re-compressing  stations  as  needed 
by  such  extensions,  will  not  meet  the  economic  requirements  of 
some  of  these  projects.  Therefore,  thought  is  being  given  to  the 
possibility  of  using  still  larger  diameters  of  pipe  for  the  purpose  of 
keeping  down  the  amount  of  power  required  in  transmitting  a 
given  volume  of  gas  over  these  long  distances.  It  is,  of  course, 
necessary  to  analyse  the  specific  conditions  surrounding  such  pro- 
jects individually  to  determine  the  effect  upon  total  construction 
costs  which  would  be  brought  about  by  the  use  of  larger  diameter 
pipe.  Handling  costs,  ditching  costs,  river  crossings,  etc.,  all  have 
to  be  considered  in  their  relation  to  the  character  of  the  country 
through  which  the  proposed  project  lies.  The  manufacturers  also 
have  to  consider  their  problems  in  making  pipe  of  larger  diameters 
than  those  now  in  general  use,  and  on  the  scale  which  would  be 
required  in  very  long  lines.  The  character  of  the  market  to  be 
served  also  enters  each  specific  problem.  Thus,  in  some  cases,  if  the 
market  requires  the  delivery  of  a  large  volume  of  gas  every  day 
with  great  regularity,  it  may  be  found  economical  to  make  a  large 
investment  in  the  pipe  and  keep  down  compression  investment, 
whereas,  in  other  cases  in  which  there  are  heavy  peak  demands  for 
short  periods,  it  may  be  found  more  economical  to  use  a  smaller 
diameter  pipe  line  and  supply  power  to  meet  these  peak  load 
requirements. 

Engineers  are  considering,  also,  at  this  time  the  possibility  of 
greatly  increasing  the  pressure  of  the  gas  for  very  long  distance 
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transmission  projects.  If  pressures  are  raised  at  the  head,  or  field 
end,  of  a  long  transmission  line  to  800  lb.,  for  example,  in  place  of 
400  lb.,  less  power  for  re-compressing  will  be  required  in  transmit- 
ting a  given  volimie  of  gas  per  day  through  a  pipe  line  of  a  given 
diameter.  Or,  on  the  other  hand,  pipe  of  a  small  diameter  could  be 
used  in  the  same  service,  provided  re-compressing  is  also  used. 

The  obstacle  to  raising  pressures  to  approximately  800  lb.  in 
projects  where  large  volumes  of  natural  gas  are  to  be  transmitted 
over  long  distances  lies  in  the  fact  that  pipe  in  comparatively  large 
diameters  such  as  18  in.  or  20  in.  must  still  be  used  to  afford  the 
necessary  capacity.  By  the  present  methods  of  manufacture  such 
pipe  must  be  made  from  skelp  and  welded,  and  hence  has  a  seam, 
and  for  that  reason  requires  a  large  factor  of  safety  in  use,  even 
though  made  of  metal  of  rather  high  tensile  strength.  Also,  a  very 
carefully  made  and  hence  expensive  coupling  would  be  necessary 
in  joining  the  pipe  sections  in  a  line  to  use  such  pressures,  providing 
that  style  of  coupling  should  be  chosen. 

At  the  present  time  much  study  is  being  given  to  the  development 
of  welded  joints.  The  work  which  engineers  are  doing  on  the 
development  of  welding  in  pipe  joints  may  solve  this  part  of  the 
problem. 

Therefore,  before  it  can  be  determined  in  respect  to  any  particular 
project,  whether  or  not  the  raising  of  pressures  to,  sa}^  800  lb., 
will  reduce  transmission  costs  below  those  incurred  by  the  use  of 
400  lb. ,  it  will  be  necessary  to  solve  the  foregoing  mentioned  mechan- 
ical problems  and  find  their  resultant  costs. 

Consideration  is  also  being  given  to  seamless  pipe  of  small  diameter 
and  the  transmission  through  it  of  gas  at  pressures  as  great  as 
1,800  lb.  The  sections  of  pipe  of  this  diameter  may  be  joined  to- 
gether by  means  of  standard  threads  and  couplings,  and  experi- 
ments indicate  that  when  properly  made  up  these  joints  are  very 
tight  in  holding  gas  under  these  pressures.  Where  the  particular 
project  involves  the  transmission  of  a  very  large  amount  of  gas  over 
a  very  long  distance,  the  power  required  for  such  a  high  pressure 
line  is  less  than  the  power  needed  for  transmission  at  low  pressures, 
and  the  whole  investment  required  in  pipe  line  and  compressing 
machinery  appears,  after  careful  study,  to  be  much  less  than  can  be 
accomplished  with  present-day  methods  of  construction. 

The  foregoing  considerations  of  the  possibilities  of  high  pressures 
are  placed  here  only  to  show  the  trend  of  thought  along  which 
engineers  are  working  to  meet  the  advancing  requirements  of  the 
industry. 
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In  Table  2  is  given  a  general  description  of  natural  gas  itself.  It 
is  thought  that  such  a  description  would  be  interesting  in  cases 
where  consideration  is  being  given  to  the  transmission  of  manu- 
factured gas.  It  should  be  noted  that  natural  gas  in  transmission 
is  usually  not  fuUy  saturated  with  water  vapour,  its  compression 
and  subsequent  cooling  before  introduction  into  the  transmission 
system  having  brought  this  condition  about.  It  is  also  regular 
practice  to  extract  any  gasoline  vapours  from  the  natural  gas  before 
it  enters  the  pipe  line.  Therefore,  the  problem  of  keeping  the 
transmission  line  free  and  clear  of  deposit  is  simpler  in  the  case  of 
natural  gas  than  in  the  case  of  manufactured  gas.  This  problem 
can  only  be  met  by  carefully  considering  the  proper  location  of 
drips  in  transmission  lines  for  manufactured  gas.  It  should,  also,  be 
noted  that  natural  gas  as  produced  in  this  coimtry  is  in  general  free 
from  constituents  which  would  attack  steel  pipe,  and  this  matter 
must  be  given  consideration  when  transmitting  any  gas  which  does 
contain  such  constituents. 

Since  natural  gas  as  at  present  produced  contains  in  general 
1,000  B.Th.U.  per  cu.  ft.,  it  may  in  some  cases  be  more  economical 
in  transmission  than  manufactured  gas  would  be  in  similar  circum- 
stances. This  would,  however,  be  a  matter  for  consideration  in 
each  particular  project. 

Manufactured  gases  are  at  present  being  transmitted  over  con- 
siderable distances  through  steel  pipe  lines  constructed  and  operated 
in  the  same  manner  as  is  used  in  the  transmission  of  natural  gas 
and  without  anv  mechanical  difficulties. 


APPENDIX 

Physical  and  Chemical  Characteristics  of  Natural  Gas 

{The  data  under  this  headirig  have  been  prepared  hy 
James  B.  Garnier,  Ph.D.,  Director  of  Research  of  the 
Hope  ard  Affiliated  Natural  Gas  Companies). 

Chemical  Composition  of  Natural  Gas.  Natural  gas  is,  for  the 
most  part,  composed  of  the  hydrocarbons  of  the  paraffin  series, 
carbon  dioxide,  nitrogen  and  helium.  However,  its  composition 
varies  considerably  in  the  different  American  fields.  Natural  gas 
of  the  Eastern  or  Appalachian  field  is  almost  entirely  made  up  of 
the  hydrocarbons  of  the  paraffin  series.     Natural  gas  of  some  parts 
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of  Kansas,  Oklahoma  and  Texas  is  very  high  in  nitrogen  and 
relatively  high  in  helium  content.  Some  of  the  natural  gas  of  the 
Pacific  Coast  States  contains  large  percentages  of  carbon  dioxide. 
Natural  gas  in  a  few  districts  contains  hydrogen  sulphide  and 
organic  sulphur  compounds. 

The  paraffin  hydrocarbons  found  in  natural  gas  are  methane, 
ethane,  propane,  butane,  pentane,  hexane,  heptane  and  octane. 
The  first  four  named  hydrocarbons  are  gaseous  under  ordinary 
conditions  of  temperature  and  pressure.  The  last  four  hydro- 
carbons are  normally  liquid  at  atmospheric  temperature  and  pres- 
sure, and  are  the  main  components  of  natural  gas  gasoline.  Methane 
is  the  predominating  component  of  commercial  natural  gas  and 
octane  is  the  hydrocarbon  which  is  present  to  the  least  extent. 

The  water  vapour  content  of  natural  gas,  as  it  is  distributed,  is 
always  less  than  the  amount  required  for  saturation.  Temperature 
and  pressure  conditions  of  transmission,  and  the  necessity  for 
elimination  of  line  deposits,  limit  the  content  of  water  vapour. 

Considerable  quantities  of  the  so-called  "wet"  or  "casinghead" 
gas  are  derived  at  low  pressure  from  oil  wells.  This  gas  usually 
contains  vapours  of  the  normally  liquid  hydrocarbons.  This  gas 
must  be  compressed  and  cooled  or  treated  for  natural  gas  gasoline 
recovery  prior  to  its  delivery  into  the  transmission  lines.  The 
collection  of  condensates  in  lines  is  avoided  by  this  procedure. 

Hydrogen  sulphide  is  present  only  in  a  very  few  of  the  gas  fields 
of  this  country,  but  when  present,  it  must  be  removed  so  as  to 
eliminate  corrosion  difficulties  in  compressing  stations,  pipe  lines, 
and  metering  devices.  The  methods  employed  are  the  so-called 
{a)  "wet"  method,  wherein  the  gas  is  scrubbed  with  various  solu- 
tions; (b)  "dry"  method,  wherein  the  gas  is  passed  through  ferric 
oxide,  or  "lux,"  and  (c)  "oxidation"  method,  wherein  the  gas  is 
treated  with  a  quantity  of  air  chemically  equivalent  to  the  hydrogen 
sulphide,  and  heated  in  the  presence  of  a  catalyst. 

Physical  Properties  of  Natural  Gas.  The  following  is  a  tabulation 
of  the  physical  constants  of  the  components  of  natural  gas: — 
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ZUSAMMENFASSUNG 

Die  Erfahrungen  der  Erdgasindustrie  in  den  Vereinigten  Staaten  wurden  der 
Betrachtung  der  Faktoren,  die  die  wirtschaftliche  Fernleitung  von  Gas 
beeinflussen,  zugrunde  gelegt,  und  zwar  deshalb,  weil  sich  diese  Industrie 
grösstenteils  mit  der  Leitung  von  Gas  über  grosse  Entfernungen  und  in  grossen 
Mengen  zu  befassen  hat.  Die  Verhältnisse,  die  bei  der  Gewinnung  und  dem 
Verkauf  von  Erdgas  in  Frage  kommen,  werden  kurz  beschrieben.  Es  wird 
auch  auf  die  Probleme  hingewiesen,  die  bei  der  Gasfernleitung  auftreten. 
Weiter  werden  beschrieben:  die  Herstellung  der  Gasröhren,  das  dabei  ver- 
wendete Material,  die  Verwendung  der  Röhren,  die  gegenwärtigen  Methoden 
in  der  Herstellung  von  Verbindungen  bei  Hausleitungen,  der  Bau  von  Erdgas- 
fernleitungen, die  zur  Zeit  am  meisten  gebräuchlichen  Gaskompressoren 
und  ihre  Antriebsmaschinen. 

Ferner  werden  auch  Kraftwerke,  die  den  Anfangsdruck  am  Kopfende  der 
Gasleitung  liefern,  sowie  Kraftstationen,  die  längs  der  Leitung  gebaut  sind 
um  die  Druckverluste  in  der  Leitung  zu  ersetzen,  behandelt  und  es  wird 
auf  die  Wirkung  solcher  Rekompressionsstationen  auf  die  Leistungsfähigkeit 
der  Rohrleitung  eingegangen. 

Die  Wirtschaftlichkeit  des  Gasfernleitungsproblems  wird  behandelt  durch 
eingehende  Beschreibung  des  Absatzgebietes,  sowohl  in  bezug  auf  den  Verkauf 
von  Gas  an  Kleinverbraucher  (Haushalt)  als  auch  in  bezug  auf  den  Verkauf 
als  Heizgas  für  industrielle  Zwecke.  Dabei  wird  der  sich  aus  der  Charak- 
teristik des  Absatzgebietes  ergebende  tägliche  Belastungs'^aktor  der  Fernleitung 
berücksichtigt. 

Die  erforderlichen  Kapitalanlagen  und  Betriebskosten  für  die  Fernleitung  von 
Gas  in  verschiedenen  Mengen  über  Entfernungen  von  75  bis  300  Meilen  werden 
anhand  von  Beispielen  erläutert.  Die  Rückwirkung  der  Schwankungen  des 
täglichen  Belastungsfaktors  von  100%  auf  65%  auf  Kapitalanlage  und 
Betriebskosten  wird  hervorgehoben  und  besprochen.  In  diesem  Teile  der 
Abhandlung  wird  auf  die  Gesichtspunkte  eingegangen,  die  bei  einer  wirtschaft- 
lichen Kapitalanlage  in  Rohrleitung  und  Kraftanlage  für  ein  bestimmtes 
Fernleitungsprojekt  berücksichtigt  werden  müssen. 

Beim  Bau  und  Betrieb  von  Fernleitungen  für  fabriziertes  Gas  sind  wichtige 
Punkte  in  Betracht  zu  ziehen,  die  beim  Bau  und  Betrieb  von  Erdgasleitungen 
nicht  vorliegen. 

Die  chemischen  und  physikalischen  Eigenschaften  von  Erdgas  sind  aus 
Tabellen  am  Ende  der  Abhandlung  zu  ersehen. 
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LEGAL  CONSIDERATIONS  GOVERNING 
LONG  DISTANCE  TRANSMISSION 
OF  GAS 

TECHNICAL   COMMITTEE,    FUEL    CONFERENCE,    1928 

H.     V.    LLOYD-JONES 

Barrister  at  L  aw 

Paper  No.  04 

contents 

scope  of  paper difficulties  under  present  system possible 

lines  of  change zusammenfassung 

Scope  of  the  Paper 

The  question  of  the  practicabihty  and  the  desirabiUty  of  long- 
distance or,  as  it  is  sometimes  referred  to,  high-pressure  trans- 
mission or  distribution  of  gas,  has  assumed  considerable 
importance  in  the  last  few  years.  In  Germany,  in  particular,  steps 
are  being  taken  in  this  direction  which,  if  successfully  completed, 
would  mean  the  revolutionising  of  the  means  of  production  and 
distribution  of  gas  in  that  country.  At  a  later  stage  in  this  paper 
some  reference  will  be  made  to  the  great  Ruhr  scheme  initiated 
by  the  General  Coal  Utilisation  Co.  with  the  object  in  view  of 
supplying  a  large  number  of  the  centres  of  population  from  the 
surplus  gas  produced  by  the  coke-ovens  of  the  Ruhr. 

In  this  country  the  discussion  of  possibilities  in  this  direction 
has  arisen  mainly  from  dissatisfaction  with  the  present  wasteful 
methods  of  disposing  of  coke-oven  gas.  There  would  appear  to  be 
a  growing  volume  of  protest  against  the  restraint  imposed  b>- 
existing  legal  conditions  on  the  possibility  of  utilising  coke-oven 
gas  for  the  purpose  of  illumination  in  towns  and  centres  at  long 
distances  from  the  place  of  production. 

The  scope  of  this  paper  will  be  strictly  limited  to  a  consideration 
of  the  legal  difficulties  which  would  confront  a  scheme  in  this 
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country  for  the  long-distance  transmission  of  gas  from  a  pro- 
posed new  centre  or  from  existing  coke-oven  sources.  It  is  clear 
that  there  are  technical  and  economic  considerations  involved  in 
any  such  project,  and  that  in  the  result  the  question  would 
resolve  itself  into  a  matter  of  political  policy.  For  the  purpose 
of  the  present  paper,  however,  no  attempt  will  be  made  to  canvass 
the  merits  of  such  a  proposal  from  a  technical  or  political  point  of 
view.  Legal  considerations  alone  will  be  taken  into  account. 
These  considerations  fall  under  two  main  heads  : — 

1.  The  difficulties  inherent  in  the  present  system. 

2.  The  possible  lines  along  which  a  change  could  be  made. 

Difficulties  under  Present  System 

The  difficulties  inherent  in  the  present  system  will  reveal  them- 
selves most  clearly  if  some  account  be  furnished  at  this  point  of 
the  existing  methods  of  producing  and  distributing  gas  in  this 
country.  Under  the  present  system  of  regulation  there  are  three 
kinds  of  gas  undertakings  : — 

(a)  Authorised  or  Statutory  Companies. 

(b)  Companies    which    are    owned    and    controlled    by   Local 
Authorities  under  Parliamentary  powers. 

(c)  Non-statutory  companies. 

Group  (o),  which  includes  in  all  nearly  500  undertakings,  consists 
of  those  which  are  privately  owned  by  companies  but  which  are 
controlled  as  to  their  operation  by  statute.  Such  statutory  author- 
isation is  obtained  either  by  Special  Act  of  Parliament  or  by 
Special  Order  under  the  Gas  Regulations  Act,  1920. 

Group  (b)  includes  more  than  300  undertakings.  Though  a 
Special  Act  of  Parliament  is  still  a  possible  mode  of  creating  such 
an  undertaking,  the  normal  course  at  present  is  to  obtain  a  Special 
Order  under  the  Gas  Regulation  Act,  1920,  empowering  a  Local 
Authority  to  make  and  supply  gas  in  its  particular  district. 

For  present  purposes  groups  (a)  and  (b)  present  many  features 
in  common,  and  it  will  be  convenient  at  this  point  to  indicate 
some  of  the  conditions  under  which  they  operate.  Group  (c) 
will  be  considered  independently  at  a  later  stage. 

Whenever  Parliamentary  authority  is  obtained  as  in  groups  (a) 
and  (6),  whether  by  Special  Act  or  by  Special  Order,  the  Gas 
Works  Clauses  Acts  of  1847  and  1871  are  deemed  to  be  incorpor- 
ated. It  is  unnecessary  to  say  more  of  these  Acts  than  that  they 
lay  down  the  broad  conditions  under  which  gas  authorised  to  be 

857 


TRANSMISSION  OF  POWER 

produced  by  Statute  must  be  manufactured  and  transmitted.  The 
following  privileges  may  be  noted  as  relevant  to  the  present 
subject  :  — 

1.  Where   there   is   a    Special   Act,   land   may   be   taken   com- 

pulsorily  for  the  construction  of  works. 

2.  A  limited  power  is  given  to  break  up  streets  for  the  laying 

of  pipes  and  mains  and  for  repairing  the  same. 

3.  Power   for   regulation   of    prices   and    for   enforcement   of 

payment  by  cutting  ofï  the  supply. 
In  addition,  however,  there  are  definite  limitations  and  restric- 
tions :  — 

1.  Undertakings  of  this  kind  are  confined  to  definite  areas  for 

the  manufacture  and  storage  of  gas. 

2.  Requirements  as  to  calorific  value,  pressure  and  purity  of 

gas  must  be  observed. 

It  may  be  added  that  where  statutory  authorisation  is  granted  to 
an  undertaking,  such  an  undertaking  acquires  by  implication  a 
regulated  monopoly  and  protection  from  competition.  There  are 
a  few  instances  in  which  concurrent  statutory  powers  have  been 
granted,  but  this  is  a  practice  which  has  not  been  followed  of  late 
years. 

A  further  point  which  should  be  noted  is  that  a  Local  Authority 
is  entitled  to  be  heard  in  opposition  to  a  Bill  promoted  by  a 
Company  seeking  Parliamentary  authority. 

On  these  broad  facts  there  are  obvious  impediments  under 
existing  law  to  the  transmission  of  gas  to  any  areas,  which  are  at 
present  supplied  by  either  form  of  undertaking  already  con- 
sidered, from  coke-ovens  sources  at  long  distances  from  the  place 
of  consumption.    These  difficulties  may  be  tabulated  as  follow  : — 

1.  The  restriction  which  obliges  some  undertakings  to  manu- 
facture the  gas  within  a  limited  area. 

2.  The  restriction  which  imposes  upon  the  undertakings  the 
responsibility  for  the  quality  of  the  gas  produced. 

3.  General  provisions  as  to  the  fixing  of  price. 

A  long-distance  scheme  would  at  once  violate  restriction  (1)  and 
would  increase  difficulties  (2)  and  (3). 

It  may  thus  be  stated  that  so  far  as  statutory  undertakings  of 
both  kinds  are  concerned  a  long-distance  scheme  would  involve  a 
radical  alteration  of  the  existing  law  relating  to  the  manufacture 
and  distribution  of  gas. 
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Group  (c),  which  comprises  non-statutory  undertakings,  remains 
to  be  considered. 

There  are  a  large  number  of  such  non-statutory  undertakings, 
but  they  are  mostly  on  a  small  scale.  Where  an  undertaking 
reaches  considerable  proportions  it  has  become  the  normal  course 
for  it  to  apply  for  statutory  authority.  While  non-statutory 
undertakings  of  this  kind  are  relieved  from  some  of  the  restric- 
tions imposed  on  those  authorised  by  Parliament,  such  freedom 
as  they  enjoy  is  more  than  counter-balanced  by  the  following 
disabilities  to  which  they  are  subject. 

1.  They  are  not  clothed  with  special  powers  for  enforcing  pay- 

ment and  for  regulating  price. 

2.  They  have  no  power  to  take  land  compulsorily. 

3.  They  have  no  privilege  in  the  matter  of  breaking  up  public 

streets  for  the  laying  and  the  repair  of  pipes  and  mains. 

It  is  true  that  undertakings  such  as  those  included  in  Groups 
{g)  and  (b),  working  under  Parliamentary  powers,  are  only  able 
to  proceed  with  the  work  of  breaking  up  streets  under  limitations 
and  subject  to  restrictions.  But  the  position  of  a  non-statutory 
company  is  wholly  unprotected.  Such  a  company  has  to  face  the 
very  probable  contingency  of  indictment  for  public  nuisance,  or 
civil  action  for  trespass  or  nuisance  (e.g.,  fouling  of  water),  and 
in  some  cases  for  an  injunction  to  restrain  them  from  completing 
their  work  or  from  carrying  it  on  when  once  it  has  begun. 

Moreover,  a  non-statutory  company  cannot  claim  any  right  of 
support  for  its  pipes. 

There  is  a  long  line  of  decided  cases  dealing  with  these  diffi- 
culties, but  the  general  efïect  of  such  decisions  which  has  already 
been  given  is  sufficient  for  present  purposes. 

The  Highway  Act,  1835  (5  and  6  Will.4.,  C.50)  s.  72,  and  the 
Public  Health  Act,  1875  (38  and  39  Vict.,  C.55)  s.  149,  may  be 
referred  to  as  relevant  to  the  question  of  the  difficulties  under 
which  a  non-statutory  company  would  work. 

It  will  be  clear  that  in  addition  to  these  hindrances  of  a  public 
character  a  non-statutory  company  would  be  faced  with  ver}' 
complicated  problems  in  relation  to  private  owners  of  land  ;  and 
it  will  be  equally  clear  that  the  acuteness  of  such  difficulties  would 
be  increased  a  hundred-fold  by  any  project  for  the  transmission 
of  gas  over  long  distances.  When  it  is  borne  in  mind  that  the 
large  centres  of  population  are  already  supplied  from  statutory 
sources,  and  that  the  field  now  open  to  a  long-distance  scheme  is 
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financially  and  territorially  limited,  there  can  be  no  serious  question 
of  the  advisability  of  such  a  scheme  under  existing  law.  A  very 
large  financial  reserve  would  be  required  to  meet  the  necessity  of 
acquiring  easements  over  land  and  the  contingency  of  indictments 
for  nuisance  and  civil  proceedings  for  nuisance  or  for  injunction. 
From  the  foregoing  outline  of  the  existing  legal  position  the 
following  main  conclusions  emerge  :  — 

1.  So  far  as  the  statutory  undertakings  are  concerned  the  door 
is  shut  against  a  scheme  which  would  involve  the  production 
of  gas  by  a  private  company  outside  the  statutory  area  and  its 
transmission  over  a  considerable  distance.  Further,  in  view  of 
the  fact  that  of  recent  years  it  has  been  the  policy  of  Parhament 
not  to  grant  concurrent  powers  in  any  area,  it  would  appear  that 
there  is  little  likelihood  of  a  successful  appeal  to  Parliament  for 
the  creation  of  an  entirely  new  form  of  statutory  undertaking  to 
exist  side  by  side  and  in  competition  with  those  which  are  already 
in  being. 

2.  As  regards  the  non-statutory  undertakings,  there  would  not 
appear  to  be  a  direct  legal  impediment  to  a  long-distance  scheme, 
but  it  has  been  indicated  already  in  this  paper  that  there  are 
indirect  legal  obstacles  which  for  practical  purposes  would  prove 
unsurmountable. 

It  may  be  convenient  at  this  stage  to  make  some  reference  to 
the  great  Ruhr  scheme  which  has  been  proposed  in  Germany.  The 
scheme  which  has  been  proposed  by  the  General  Coal  Utilisation 
Co.,  comprising  Ruhr  coke-oven  owners,  is  of  recent  initiation 
and  has  not  yet  been  completed.  The  object  of  the  scheme  is  to 
utilise  coke-oven  gas  produced  in  the  Ruhr  area  for  transmission 
to  far-lying  centres  both  for  industrial  and  illumination  purposes. 
Powerful  interests  are  engaged  in  opposition.  In  addition  to  the 
open  hostility  of  existing  undertakings  in  Germany,  the  railways 
are  exercising  an  indirect  check  by  demanding  exorbitant  sums  for 
rights  over  land  under  their  control.  It  may  be  noted  that  the 
Ruhr  scheme  is  a  matter  of  private  enterprise  and  that  it  is  greatly 
favoured  by  the  convenient  grouping  of  the  coke-ovens  both 
territorially  and  financially. 

Possible  Lines  of  Change 

It  remains  to  consider  some  possible  lines  along  which  a  change 
might  be  effected  in  the  present  legal  position  in  order  to  facilitate 
the    utilisation    of    coke-oven    gas    by    means    of    long-distance 
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transmission.  In  this  paper  general  suggestions  alone  can  be  made. 
Should  any  such  scheme  be  mooted  it  would  become  necessary  to 
have  recourse  to  Parliamentary  machinery  to  carry  it  into  effect, 
and  the  exact  powers  demanded  and  granted  would  depend  upon 
the  objects  and  aims  of  the  originators  and  the  opposition  which 
in  all  probability  would  be  offered  by  parties  and  interests  affected. 
For  present  purposes  the  following  possibilities  may  be 
indicated  : — 

(a)  Parliamentary  powers  and  authorisation  might  be  sought  for 
a  long-distance  scheme,  which,  if  conceded,  would  bring  into 
being  a  new  kind  of  statutory  undertaking  to  compete  with  those 
already  in  existence.  It  has  already  been  indicated  that  there  is 
little  likelihood  of  a  successful  issue  to  such  a  demand.  So  much 
of  the  existing  legislation  in  the  matter  of  gas  would  be  involved 
that,  short  of  a  general  recasting  of  the  law  on  this  subject  and  a 
reshaping  of  the  means  of  production  and  distribution,  it  is  almost 
certain  that  no  considerable  statutory  change  would  be  made. 

(b)  A  general  reshaping  of  the  gas  supply  of  the  country  might 
be  effected  by  an  amending  statute  similar  to  the  Electricity 
(Supply)  Act  of  1926  (16  and  17  Geo.  5  C.  51).  Such  a  trans- 
formation would  become  a  matter  of  national  significance.  By 
following  the  broad  lines  of  the  Electricity  (Supply)  Act,  1926,  it 
would  be  possible  to  establish  the  gas  supply  of  the  country  on  a 
basis  which  would  provide  for  the  utilisation  of  surplus  coke-oven 
gas  and  its  transmission  over  long  distances  in  the  following 
manner  : — 

1.  The  coke-oven  sources  would  take  the  place  of  the  gener- 

ating stations  in  the  Electricity  Scheme. 

2.  A  Board  similar  to  the  Central  Electricity  Board  would  be 

constituted.   The  function  of  the  Board  would  be  to  under- 
take the  supply  of  gas. 

3.  Present   undertakers    would    take   their   supplies    from    the 

Board   unless    the    Board    should    see    fit    to    make    other 
arrangements  in  particular  cases. 

4.  Pumping  and  storage  stations  would  be  established  by  the 

Board,  and  would  be  supplied  by  long-distance  pipes  and 
mains  from  the  coke-oven  sources.  A  model  for  the 
technical  arrangement  of  such  a  scheme  would  be  found  in 
the  Ruhr  scheme  in  Germany  already  referred  to. 
Such  an  amending  statute  would  entail,  of  course,  the  repeal  of 
most  of  the  existing  law  on  gas. 
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In  conclusion,  it  must  be  repeated  that  legal  difficulties  and 
considerations  only  have  been  dealt  with  in  this  paper.  Before  any 
attempt  at  new  legislation  could  be  made  the  very  important 
technical,  economic  and  political  considerations  involved  would 
have  to  be  weighed  with  the  greatest  care. 

ZUSAMMENFASSUNG 
Der  rechtlichen  Seite  der  Gasfernversorgung  kommt  wachsende  Bedeu- 
tung zu.  In  Deutschland  besteht  das  Ruhr-Projekt  und  in  England  das 
Problem  der  Verwertung  des  überschüssigen  Koksofengases.  Die  recht- 
lichen Fragen  werden  in  diesem  Bericht  unter  zwei  Überschriften 
behandelt,  nämlich  :  (c)  Schwierigkeiten  in  der  heutigen  Gesetzgebung  als 
solcher;  (h)  Änderungsmöglichkeiten  für  die  heutige  Gesetzebung. 
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TRANSMISSION    OF   POWER 

F.     S.     TOWNEND 

1  This  General  Report  covers  three  of  the  papers  included  in  Section 
O,  namely  : — 

(fl)  "Problems  of  Long  Distance  Gas  Transmission"  (Germany), 
by  Dipl.-Ing.  Traenckner  (01). 

{b)  "The  Transmission  over  Various  Distances  of  Energy  in  the 
Form  of  Coal,  Oil,  Gas  and  Electricity"  (Great  Britain),  by 
Dr.  E.  W.  Smith  (02). 

(c)  "Legal  Aspects  of  Gas  Transmission"  (Great  Britain),  by 
H.  V.  Lloyd- Jones,  Barrister  at  Laif  (04). 

2  Since  only  one  of  the  three  papers  deals  with  the  general  subject 
of  the  transmission  of  different  forms  of  energy,  the  remaining  two 
being  exclusively  confined  to  that  of  transmission  of  gas,  it  will  be 
advisable  to  divide  this  Report  into  the  corresponding  two  sections: 

A.  Transmission  of  different  forms  of  energy,  and 

B.  Transmission  of  gas. 

3  In  the  contribution  on  the  "Transmission  over  Various  Distances 
of  Coal,  Oil,  Gas  and  Electricity"  (02),  E.  W.  Smith  presents  data 
from  authoritative  sources  on  the  cost  per  therm  of  potential  heat 
of  transmitting  coal,  coke,  oil  and  gas  and  electricity  over  distances 
ranging  from  5  to  100  miles.  The  cost  of  conveying  one  therm  of 
potential  heat  in  the  form  of  coal  and  coke  by  rail  in  Great  Britain 
is  less  than  that  of  conveying  it  in  the  form  of  oil.  Taking  the 
distance  of  50  miles,  the  figures  are  for  coal  0-21  pence,  and  for  oil 
0-35  pence  per  therm. 

A  The  cost  of  transmitting  gas  (which  is  referred  to  again  later  in  this 
Report)  varies  not  only  with  the  distance  but  also  with  the  quantity 
deHvered  per  day.  Taking,  again,  the  distance  of  50  miles,  the  cost 
varies  from  0-64  to  0-334  pence  per  therm  as  the  quantity  increases 
from  5  million  to  50  million  cu.  ft.  per  day.    It  can,  therefore,  be 
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considered  as  still  comparable  with  coal  and  oil  from  this  point 
of  view. 

5  The  cost  of  transmitting  electricity  is  on  the  whole  much  more 
expensive  per  therm  than  coal,  oil  or  gas.  It  depends  very  largely 
on  the  load  factor  and  on  the  system  of  distribution.  Taking  as  an 
example,  a  distance  of  50  miles,  the  cost  varies  from  0-756  pence  to 
2-35  pence  per  therm  according  as  the  load  factor  decreases  from  100 
per  cent,  to  25  per  cent. 

6  The  data  are  used  to  estimate  the  total  cost  to  the  community  of 
transmitting  energy  in  different  forms  under  pre-supposed  conditions. 
It  is  calculated  that  in  Great  Britain  in  1925  approximately 
£17,000,000  was  spent  in  transport  of  domestic  coal  and  coal  used 
in  gas  and  electricity  works.  If  the  energy  demands  supplied  by 
this  raw  coal  had  been  satisfied  by  gas  and  coke  in  the  proportions 
as  generally  produced  on  gasworks,  a  reduced  amount  of  coal  would 
have  required  transporting  for  carbonisation  purposes  and  it  is 
calculated  that  a  saving  of  the  order  of  £5,000,000  to  £7,000,000  per 
annum  would  be  possible.  Moreover,  it  is  pointed  out  that  the 
corresponding  saving  is  much  less  if  electricity  were  the  universal 
medium  of  energy.  The  conclusion  may  therefore  be  admitted  that 
there  is  every  justification  in  encouraging  the  extended  use  of  gas 
and  coke  imder  the  present  organisation  of  the  gas  industry. 

Transmission  of  Gas 

7  Three  aspects  are  involved,  namely,  technical,  economic  and,  at 
any  rate  in  Great  Britain,  important  legal  considerations. 

8  Technical. — ^In  the  paper  on  "Problems  of  Long  Distance  Gas 
Transmission"  (01)  Dipl.-Ing.  Traenckner  states  that  the  problems 
connected  with  the  construction  of  gas  mains  and  those  relating  to 
the  behaviour  of  the  gas  in  the  main  itself  have,  on  the  whole,  been 
solved.  Steel  mains  with  welded  joints  have  been  proved  to  be 
entirely  satisfactory  as  regards  mechanical  strength,  provided  that 
expansion  joints  are  used  at  suitable  points.  Protection  against 
stray  electric  currents  and  corrosion,  however,  still  remains  more 
or  less  unsolved. 

Q  Attention  is  called  to  the  precautions  necessary  to  ensure  the  safety 
of  the  supply.  Firstly  a  system  of  automatic  supervision  is  required 
whereby  serious  leakage  is  immediately  noted.  The  safety  factor  is 
still  further  increased  by  interconnecting  trunk  service  mains,  and, 
finally,  the  connection  of  several  producing  stations  to  each  network 
of  main  ensures  the  utmost  security  of  long  distance  supply  possible. 
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10  It  is  of  very  great  interest  to  note  that  several  years'  working  in 
Germany  have  shown  that  trouble  either  with  condensation  or 
blockage  by  naphthalene  deposits  need  not  in  general  be  anticipated. 
In  spite  of  this,  various  attempts  to  free  the  gas  completely  from 
naphthalene  have  been  made,  particularly  by  methods  involving 
freezing  of  the  gas.  Such  processes  are  generally  high  both  in  first 
cost  and  in  operating  charges. 

11  Economics. — For  any  given  length  of  main,  quantity  of  gas 
delivered  and  final  pressure  required,  there  is  a  certain  inlet  pressure 
and  diameter  of  main  which  gives  the  lowest  cost  of  gas  transmission. 
The  two  items  which  largely  determine  this  most  economic  cost 
are,  cost  of  power  for  compression  and  the  cost  of  main  laying, 
more  particularly  the  period  over  which  amortisation  of  the  capital 
cost  is  allowed.  In  both  the  papers  0 1  and  02,  data  are  given  relating 
to  a  definite  set  of  conditions.  Some  variations  between  the  two  will 
be  noted  which  are  probably  to  be  explained  by  differences  in  the 
fundamental  data  on  which  the  figures  have  been  calculated. 

12  E.  W.  Smith  (02)  suggests  that  there  is  a  limiting  distance  beyond 
which  it  is  cheaper  to  rail  coal  for  gas  making  than  to  convey  gas 
and  the  coke  which  is  absorbed  in  the  same  area  as  the  gas.  It  is 
pointed  out  that  in  most  areas  of  gas  supply  for  every  15,000  cu.  ft.  of 
gas  sold  there  is  approximately  10  cwt.  of  coke  absorbed.  If  a  long 
distance  gas  supply  is  substituted  for  local  gas  production,  and  the 
market  is  retained  for  coke,  then  the  commimity  must  meet  the 
transmission  costs  of  gas  and  coke.  From  the  data  in  the  paper 
(02)  it  appears  that  there  is  a  limiting  distance  varying  from  5  to 
over  100  miles,  depending  on  the  quantity  of  gas  required,  beyond 
which  it  is  cheaper  to  rail  coal  than  the  equivalent  gas  and  coke. 
Thus,  unless  the  gas  is  produced  definitely  more  cheaply  outside  the 
area  of  supply  than  within  it,  then  the  economic  distribution  of 
gas  is  limited  to  distances  of  the  order  given  in  the  paper,  if  no  extra 
cost  is  to  be  borne  by  the  community.  Such  a  condition,  it  is  em- 
phasised, does  not  apply  in  the  case  of  coke  oven  gas,  when  it  is 
available  at  a  cheap  rate  owing,  for  instance,  to  the  price  of 
metallurgical  coke  being  higher  than  that  of  gas  coke.  It  is  not 
intended  to  dogmatise  on  the  inevitability  of  these  limiting  distances, 
but  it  is  necessary  to  view  the  question  of  long  distance  transmission 
of  gas  in  correct  and  complete  perspective. 

Ij  Legal  Considerations. — It  is  but  seldom  that  due  importance  is 
given,  when  discussing  the  long  distance  transmission  of  gas  in 
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Great  Britain,  to  the  widespread  legal  issues  involved.  The  paper  on 
"Legal  Considerations  Governing  Long  Distance  Transmission  of 
Gases"  (04),  by  H.  V.  Lloyd- Jones,  clearly  indicates  that  before 
bulk  transmission  of  gas  on  a  national  scale  can  be  made  practicable, 
nothing  short  of  a  complete  re-shaping  of  the  law  relating  to  gas 
supply  must  be  imdertaken.  For  the  considerations  which  lead  to 
this  position  the  paper  itself  must  be  consulted,  but  one  or  two 
sahent  points  may  be  referred  to  here. 

14  AU  the  large  centres — in  fact  the  bulk  of  the  gas  supply  of  Great 
Britain — are  in  the  hands  of  statutory  companies  and  local  authori- 
ties which,  in  exchange  for  the  obhgations  of  working  under  certain 
restrictions,  enjoy  a  number  of  privileges  amongst  which  is  a  mono- 
poly of  the  supply  of  gas  within  their  areas.  According  to  H.  V. 
Lloyd- Jones  (04) ,  it  is  unhkely  that  Parliament  would  give  power 
to  an  outside  undertaking  to  supply  gas  within  these  statutory 
areas.  Whilst  there  are  no  similar  obstacles  to  a  private  company 
supplying  long  distance  gas  to  non-statutory  areas  there  are  indirect 
legal  obstacles  which,  for  practical  purposes,  would  prove  insur- 
mountable. 

15  The  paper  indicates  that  the  most  practical  suggestion  would  seem 
to  be  a  general  reshaping  of  the  gas  supply  by  an  amending  statute 
similar  to  the  Electricity  (Supply)  Act  of  1 926  by  following  the  broad 
lines  of  which  it  would  be  possible  to  provide  for  the  utilisation  of 
surplus  coke  oven  gas  and  its  transmission  over  long  distances.  This 
would,  of  course,  entail  the  repeal  of  most  of  the  existing  laws  on 
gas. 

16  It  may  be  permitted  in  this  General  Report  to  suggest  that,  if 
the  vital  interests  of  the  nation  warrant  it,  a  change  of  legislation 
such  as  is  indicated  in  the  paper  is  justifiable.  Consideration  may, 
however,  lead  to  the  conclusion  that  the  circumstances  which  gave 
rise  to  the  recent  reorganisation  of  the  supply  of  electricity  in  Great 
Britain  do  not  operate  in  the  same  way  as  regards  the  supply  of  gas. 
On  one  point  alone  there  is  an  important  difference.  Small  gas 
undertakings  can  and  indeed  often  do  operate  at  the  same  efficiency 
as  large  undertakings,  the  load  factor  having  by  no  means  the  same 
influence  as  in  the  case  of  electricity.  Further,  in  general,  gas 
undertakings  of  aU  sizes  are  already  producing  gas  at  such  a  price 
as  is  attractive  for  lighting,  heating  and  cooking.  It  is  probable 
that  the  legislative  changes  as  regards  methods  of  price  regulation 
being  sought  by  the  gas  industry  will  still  further  help  in  this 
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direction   and  such  changes  are  within  the  general  framework  of 
the  present  law  on  gas. 

Summing  up  the  leading  ideas  contained  in  the  papers  covered  by 
this  General  Report,  data  on  the  cost  of  transmission  of  energy  in 
various  forms  are  presented,  which  suggest  that  there  are  certain 
limits  of  distance  within  which  the  bulk  supply  of  gas  and  electricity 
will  be  confined.  As  regards  the  long  distance  transmission  of  gas, 
technical  problems  are  largely  solved,  but  in  the  case  of  Great 
Britain,  there  are  formidable  legal  difficulties  which  must  be  sur- 
mounted before  bulk  supply  of  gas  becomes  practical  politics. 
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WEDNESDAY,     OCTOBER    3     (MORNING) 

Section  0 
THE    TRANSMISSION    OF    POWER 
Chairman:  Dr.  C.  Matschoss  (Germany) 

Dr.  E.  W.  Smith  (Joint  Technical  Secretary),  invited  Dr.  C. 
Matschoss  (Germany)  to  preside  over  the  meetings  of  Sections  O 
and  P,  and  explained  that  Dr.  C.  Köttgen  (Germany),  who  was  to 
have  presided,  had  had  to  return  to  Germany.  Dr.  Matschoss,  he 
said,  was  Secretary  of  the  German  National  Committee,  and  Director 
of  the  Verein  Deutscher  Ingenieure.  And  The  British  National 
Committee  were  glad  to  have  members  of  foreign  delegations  pre- 
siding over  the  proceedings  of  the  Sections. 

Dr.  Matschoss  accepted  the  invitation  to  occupy  the  chair. 

The  Chairman,  opening  the  proceedings,  said  that  energy  had  been 
transmitted  by  means  of  railroads  (in  the  transportation  of  coal  and 
oil  and  various  solid  fuels),  and  by  means  of  oil  pipe  lines,  gas  pipe 
lines  and  electric  cables.  Apparently  electric  cables  would  enable 
us  to  transmit  energy  over  practically  any  distance.  There  were 
in  existence  to-day  connections  which  joined  the  Alps  to  the  North 
Sea,  and  one  might  be  permitted  to  hope  that  in  the  future  there 
would  be  a  general  European  inter-connecting  system.  The  prob- 
lems involved  in  the  study  of  energy  transmission  were  not  only 
technical,  but  also  legal  and  economic.  It  was  difficult  to  establish 
general  rules  which  would  apply  to  all  countries,  owing  to  the  variety 
of  laws  and  regulations,  and  the  variety  of  existing  plants.  The 
problem  of  gas  transmission  occupied  a  prominent  place  in  the  papers 
presented,  and  he  expressed  the  view  that  technically  that  problem 
might  be  regarded  as  solved.  Germany  was  very  much  interested 
at  the  moment  in  the  development  of  long-distance  gas  transmission, 

Mr.  F.  S.  Townend  (General  Reporter)  then  presented  his  General 
Report. 

Mr.  E.  C.  Evans  (Great  Britain)  confined  his  remarks  chiefly  to 
the  question  of  long-distance  transmission  of  gas,  with  particular 
reference  to  conditions  in  Great  Britain.  We  had  in  this  country 
practically  five  separate  producing  areas,  namely  (1)  South  Wales 
(2)  North  East  Coast  (3)  Midlands  (of  which  the  South  Yorkshire 
area  was  the  most  important),  (4)  West  Coast  and  (5)  Scotland. 
These  districts,  for  the  most  part,  were    the    natural    consuming 
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areas  for  the  coke  made,  the  only  iron  and  steel-producing  districts 
outside  the  coke  producing  areas  being  Lincolnshire  and  Northamp- 
tonshire, which  drew  their  supplies  chiefly  from  the  Yorkshire  and 
Derbyshire  areas.  The  coke  producing  centres  were  mostly  highly 
industrial,  and  there  seemed  no  reason  why  these  areas  should  not 
themselves  be  in  a  position  to  consume  for  industrial  and  domestic 
purposes  the  coke  oven  gas  available.  At  first  sight,  in  fact, 
conditions  seemed  far  more  favourable  for  development  of  the  use  of 
coke  oven  gas  for  industrial  and  domestic  supply  than  in  Germany. 
The  natural  market  for  coke  made  in  the  Ruhr  and  Westphalia, 
for  example,  apart  from  the  requirements  of  the  Ruhr  itself,  lay  in 
the  Lorraine  and  Luxemburg  districts,  which  were  outside  the 
German  frontier,  whilst  the  natural  market  for  coke  oven  gas,  again 
excluding  the  local  market  in  the  Ruhr,  lay  towards  the  East.  It 
was,  therefore,  at  first  sight,  rather  remarkable  that  development 
of  coke  oven  gas  supply  for  town  use  had  not  proceeded  further  in 
this  country  than  had  been  the  case.  There  were  certainly  technical 
difficulties  involved  in  some  producing  districts  where  subsidence, 
landslides,  and  other  earth  movements  were  liable  to  occur,  but  the 
lucid  and  valuable  paper  of  Dr.  Traenckner  on  the  subject,  showed 
that  these  dilftculties  could  be  overcome.  It  was  not,  therefore,  a 
question  of  technique,  neither  was  it  a  question  of  cost.  Dr.  Smith 
showed  in  his  paper  that  the  cost  of  transmission  of  coke  oven  gas 
for  a  distance  of  50  miles,  which  w^ould  probably  represent  typical 
conditions  in  this  country,  was  only  from  0-3  to  0-64d.  per  therm, 
which  was  small  compared  with  the  price  paid  by  the  user  to-day 
for  gas.  The  reasons,  therefore,  for  the  slow  development  in  Great 
Britain  of  distance  gas  transmission  must  be  looked  for  in  other 
directions;    and  there  were  probably  three  factors  involved. 

At  the  present  time,  the  gas  industry  in  Great  Britain  was  car- 
bonising nearly  18,000,000  tons  of  coal  per  annum,  producing  nearly 
300,000  million  cu.  ft.  The  coke  oven  industry  at  the  present  time 
was  carbonising  nearty  14,000,000  tons,  and  Mr.  Ridley  in  his  paper 
last  week  pointed  out  that  after  the  requirements  of  the  coke  oven 
plants  themselves  had  been  met,  there  was  available  a  surplus  of 
over  20,000  million  cu.  ft.  per  annum  of  gas  available  for  town 
supply;  a  quantity  small  in  comparison  with  the  production  of  the 
gas  industry.  There  was,  therefore,  under  present  conditions,  only  a 
small  fraction  of  gas  available  from  coke  oven  plants  of  the  amount 
required  by  gas  undertakings  and  this  possible  source  of  supply 
had  been  in  the  past  somewhat  neglected  by  gas  engineers. 

Many  of  our  coke  oven  plants  were  small,  and  were  located  in  areas 
which  had  in  the  past  been  peculiarly  susceptible  to  labour  dis- 
turbances, and  with  many  existing  plants  no  effective  guarantees 
could  be  given  of  continuity  of  supply  during  strikes.  On  the  other 
hand,  as  our  present  small  plants  became  obsolete  and  were  replaced 
by  centralised  coking  installations  carbonising  1 ,000  tons  a  day  or 
more,  if  these  were  of  a  type  which  could  make  use  of  producer  gas 
or  coke  oven  gas  for  heating  the  ovens  and  were  located  on  suitable 
sites,  the  problem  of  continuity  of  supply  would  not  be  so  serious. 
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The  biggest  difficulty  was  that  set  out  by  Mr.  V.  Lloyd  Jones  in 
his  paper  on  the  legal  considerations  involved,  in  any  scheme  of 
distance  transmission  of  coke  oven  gas  in  this  country.  We  were 
a  remarkable  nation.  When  railways  were  first  started  in  this 
country  over  100  years  ago  all  possible  legal  obstacles  were  placed 
in  the  way  of  the  pioneers,  and  it  was  difficult  to  say  what  the  total 
expenditure  in  parliamentary  charges  in  securing  way  leaves,  had 
meant  to  the  nation.  He,  personally,  would  very  much  like  to  know 
how  much  of  the  railway  rate  on  coal  of  8s.  6d.  per  ton  for  a  distance 
of  1 00  miles  was  due  to  legal  and  parhamentary  charges.  We  had  the 
same  difficulty  in  connection  with  electrical  supply  in  this  country 
and  there  was  no  doubt  that  the  high  cost  of  electrical  transmission 
given  by  Dr.  Smith  was  due  to  a  great  extent  again  to  legal  con- 
siderations. We  were  faced  to-day  with  the  same  position  with 
respect  to  coke  oven  gas,  and  Mr.  Jones'  paper  clearly  pointed  to 
the  fact  that  the  difficulties  inherent  in  the  present  system  of  legis- 
lation were  such  as  would  render  it  practically  impossible  for  any 
non-statutory  company  to  transmit  gas  for  public  supply  for  any 
appreciable  distance.  Mr.  Jones,  however,  had  pointed  out  a  pos- 
sible solution  by  means  of  amending  legislation  similar  to  the 
Electricity  Supply  Act  of  1926.  In  closing,  he  would  like  to  suggest 
to  the  Fuel  and  Power  Committee  that  in  considering  the  possi- 
bilities of  coke  oven  gas  transmission  in  the  area  between  the 
Humber  and  Liverpool,  and  between  Leeds  and  Birmingham,  they 
should  also  consider  the  legal  aspects  involved  in  the  possibility 
of  instigating  legislation  which,  with  the  co-operation  of  the  gas 
and  coke  oven  industries,  would  allow  of  the  fullest  possible  develop- 
ment of  the  gas  supplies  that  would  be  made  available  with  the  pro- 
jected modernisation  of  coking  plants  in  this  country. 

Mr.  George  Helps  (Great  Britain)  said  that  he  wished  to  make  a 
few  remarks  on  one  or  two  aspects  of  gas  transmission  and  its  cost. 
First  he  would  direct  attention  to  the  cost  of  the  gas  to  the  consumer 
of  it,  and  to  whom  it  was  to  be  transmitted,  and  the  effect  of  this 
cost  on  the  load  factor,  and  therefore  on  the  cost  of  the  distribution. 
The  cost  of  the  transmission  of  gas  depended  on  the  load  factor, 
and  the  load  factor  on  the  cost  of  the  gas.  At  the  present  time  the 
gas  industry  carbonised  18,000,000  tons  of  coal  a  year,  and  from 
this  probably  10,000,000  tons  of  coke  were  produced  for  sale,  and 
in  addition,  coke  ovens  produced  a  further  4,000,000  tons  of  coke. 
The  selling  price  of  gas  as  at  present  produced  did  not  allow  of  a 
high  load  factor  for  main  pipes.  If  the  selling  price  of  gas  were  right 
the  gas  industry  could  completely  gasify  40,000,000  tons  of  coal  at 
least,  and  sell  five  times  as  much  gas  through  existing  mains.  He  was 
broadly  in  accord  with  the  figures  put  forward  by  Dr.  Smith  as  to 
the  costs  of  transmission,  but  he  submitted  the  proposition  that 
the  cost  of  the  distribution  of  gas,  in  the  majority,  if  not  in  all 
cases,  should  be  taken  as  negligible.  He  did  not  mean  that  to-day, 
as  gas  was  generally  produced  and  distributed,  it  was  negligible, 
but  it  could  be  made  so.  Dr.  Smith  had  based  his  calculations 
on  500  gas. 
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At  Nuneaton,  the  quality  of  gas  was  200,  and  if  the  demand  for 
gas  was  what  it  might,  or  ought  to  be,  for  the  price  at  which  it 
could  be  sold,  gas  mains  should  be  in  use  at  full  load  for  some- 
thing hke  8,760  hours  per  annum — not  for  two  or  three  hours  a  day 
only,  but  for  twenty-four  hours  a  day.  Dr.  Smith  had  given  them 
figures  for  the  transmission  of  gas  for  long  distances.  Take  the  cost 
of  a  12-in.  cast-iron  main  one  mile  long.  To-day  such  a  main  could 
be  laid  for  £1,750.  Assuming  an  initial  pressure  of  10  in.,  and  a 
terminal  pressure  of  6  in.,  the  capacity  of  the  main  for  twelve  months 
on  fuU  load— 8,760  hours  per  year— would  be  350,000,000  cu.  ft.  of 
gas.  Allowing  an  amount  of  /1 75  a  year — 10  per  cent,  of  the  cost 
of  the  main  to  meet  all  charges,  and  assuming  a  gas  quality  of  200 
B.Th.U.  per  cu.  ft.,  the  cost  of  distribution  per  therm  would  be 
0-06d.,  calculated  at  the  discharge  end  of  the  main.  It  was  all 
very  well  to  calculate  the  discharge  from  a  straight  pipe,  however, 
in  this  way  and  as  Dr.  Smith  had  done.  What  would  be  the  dis- 
charge of  the  pipe  if,  as  was  the  case  in  practice,  there  were  ten  or 
more  branches  leading  from  it?  Arithmetic  did  not  teach  us 
everything,  nor  did  science.  If  the  main  in  the  case  taken  had  the 
number  of  branches  suggested,  the  gas  transmitted  would  be  in- 
creased probably  to  from  five  to  ten  times  the  discharge  at  one  end. 
It  was  only  practice  that  taught  us  these  things.  So  that  what  the 
ultimate  figure  of  cost  per  therm  would  be  he  did  not  know,  but  he 
estimated  it  roughly  at  about  one-tenth  the  cost  of  distributing 
through  the  straight  pipe  without  branches.  From  the  point  of 
view  of  horse-power  transmission,  one  mile  of  straight  pipe  12  in. 
diameter  supplying  gas  to  a  gas  engine  would  transmit  7,000,000 
H.P.  per  year  used  for  8,760  hours.  Assuming  that  the  potential 
heat  in  one  ton  of  coal  was  250  therms,  the  cost  of  distributing  the 
equivalent  of  that  ton  of  coal  in  gas  over  a  distance  of  a  mile  on  the 
figures  given  (250x0-6)  would  be  Is.  3d. 

Let  the  matter  of  gas  transmission  be  looked  at  from  another  view- 
point. He  had  shown  the  difference  between  calculating  the  cost 
of  distribution  on  the  discharge  of  gas  at  one  end  of  a  long  pipe 
compared  with  the  effect,  as  in  actual  practice,  of  several  branches 
on  such  pipe  discharging  gas  in  all  directions.  He  wished  now  to 
direct  their  attention  to  the  decentralisation  of  gas  manufacture 
and  the  placing  of  gas  works  in  any  particular  locality  where  gas 
was  required.  There  was  no  reason  whatever  why  gas  works  should 
not  be  considerably  increased  in  number,  and  gas  fed  into  town  mains 
at  many  points.  This  was  an  immense  factor  in  the  costs  of  distri- 
bution. It  shortened  the  distances  of  transmission  and  utilised 
smaller  and  cheaper  mains.  He  illustrated  his  point  by  referring 
to  the  activities  of  Sir  Jesse  Boot,  the  well-known  manufacturing 
and  distributing  chemist,  who  did  not  distribute  all  his  goods  direct 
to  consumers  throughout  the  country  from  his  headquarters  at 
Nottingham,  but  established  very  many  branches  throughout  the 
country.  In  big  towns  and  cities  there  were  several  branches  in 
different  parts  of  the  town. 

The  present  was  the  time  for  gas  as  a  fuel.     Gas  was  an  ideal  fuel 
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which  could  be  replaced  neither  by  coal  nor  by  coke.  There  was 
no  place  in  the  country  where  it  was  necessary  to  supply  gas  through, 
say,  a  main  twenty  miles  long  from  one  gas  works.  If,  in  such  a  large 
area  of  supply  several  units  of  manufacture  were  erected  for  feeding 
the  mains,  it  would  be  realised  more  than  ever  that  the  cost  of  gas 
distribution  might  be  made  negligible.  If  the  figures  of  gas  trans- 
mission were  right — amounting  to  about  1/lOth  of  a  penny  per 
therm  distributed  through  five  miles  of  a  main  without  branches — 
it  would  appear  to  consoHdate  the  proposition  that  gas  could  be 
sold  at  the  point  of  use  for  the  same  price  as  coal,  heat  for  heat, 
when  produced  by  modem  methods. 

Those  people  holding  positions  of  responsibiUty  in  regard  to  the 
production  of  fuel  for  industrial  and  domestic  use  were  expected  to 
give  of  their  best  for  the  benefit  of  people  who,  for  the  most  part, 
could  not  help  themselves.  The  country  expected  great  things  of 
this  great  Fuel  Conference.  What  was  to  be  the  outcome  of  its 
dehberations?  Would  they  be  able  to  indicate  their  findings  in 
regard  to  the  ideal  fuel  and  the  ideal  power  when  the  Conference 
ended?  There  were  those  who  always  threw  cold  water  on  schemes 
which  were  proposed  from  time  to  time  simply  because  they  were 
unorthodox  or  because  they  were  ignorant  of  the  fundamentals 
concerned.  He  had  consulted  a  very  great  scientist  recently  on 
various  propositions  in  regard  to  the  great  efficiency  of  low-grade  gas, 
and  who  fully  agreed  with  the  advantages  of  such  gas  from  the 
combustion  or  users'  point  of  view.  This  same  scientist  had  the 
effrontery  to  tell  him  (Mr.  Helps)  that  such  a  quality  as  200  could 
not  be  distributed  commercially.  When  this  scientist  was  invited 
to  go  to  Nuneaton  and  see  for  himself  how  such  gas  was  distributed 
and  the  costs  of  its  distribution  through  thirty-six  miles  of  mains, 
he  said  that  he  had  not  time.  Scientists  of  that  type  required  to  be 
dealt  with.  Some  sort  of  Tyburn  should  be  fixed  up  for  them,  for 
they  were  a  menace  to  the  progress  of  any  State. 

Mr.  H.  Van  Hettinga  Tromp  (Dutch  East  Indies)  expressed 
surprise  that  Dr.  E.  W.  Smith,  in  his  paper  (02),  had  not  given 
figures  of  the  cost  of  transmitting  oil  by  means  of  pipe  lines,  because 
it  would  be  interesting  to  compare  the  cost  of  transmission  of  oil 
by  rail  with  the  cost  of  transmission  by  pipe  lines,  the  latter  method 
of  transmission  being  adopted  generally  in  oil-producing  countries. 
Though  Great  Britain  was  not  an  oil-producing  country,  he  imagined 
it  would  be  possible  to  transmit  oil  economically  over  considerable 
distances  from  the  depots  to  the  centres  at  which  it  was  used. 

Dr.  E.  W.  Smith  (Joint  General  Secretary)  pointed  out  to  Mr. 
Helps  that  the  papers  under  discussion  dealt  with  the  long-distance 
transmission  of  power,  and  not  with  local  distribution  of  gas  within 
the  confines  of  a  local  authority;  the  conditions  in  the  two  cases 
were  entirely  different.  Consequently,  though  Mr.  Helps'  contri- 
bution would  be  most  useful  in  another  connection,  it  was  quite 
beside  the  point  in  the  present  discussion.  The  effect  of  trans- 
mitting a  200  B.Th.U.  gas  as  compared  with  a  500  B.Th.U.  gas, 
and  the  corrections  for  specific  gravity,  would  be  to  double  the 
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cost  of  distribution,  on  a  100  per  cent,  lead,  and  that  was  a  factor 
to  be  borne  in  mind  when  considering  Mr.  Helps'  figures.  The 
costs  of  gas  transmission,  as  given  in  his  (the  speaker's)  paper, 
covered  distances  of  from  five  to  one  hundred  miles,  the  minimum 
distance  being  five  miles;  the  cost  of  distribution  depended  upon 
the  necessary  pressure,  the  volume  of  gas  and  the  diameter  of  the 
mains,  and,  with  a  100  per  cent,  load  factor,  the  cost  of  distribution 
through  any  given  main  over  a  distance  of  one  mile  would  be  very 
considerably  reduced.  This  was  all  beside  the  point,  however,  because 
no  one  would  consider  transmission  over  a  distance  of  a  mile  as  being 
long-distance  transmission.  With  regard  to  the  suggested  installa- 
tion of  a  small  gas  manufacturing  units  and  the  elimination  of 
long-distance  gas  transmission,  he  said  Mr.  Helps  was  probably 
aware — otherwise  he  would  not  have  raised  the  point — that  the 
Gas  Light  &  Coke  Company  had  had  to  remove  their  gas  works 
from  the  centre  of  Tandon  and  concentrate  gas  manufacture  at 
Beckton,  at  considerable  expense  to  themselves.  The  tendency 
generally  was  to  try  to  eliminate  the  nuisance  arising  from  the 
existence  of  industrial  concerns,  including  gas  works,  in  office  areas, 
and  it  was  not  often  possible  to  have  gas  works  within  the  confines 
of  a  city. 
Mr.  Helps  said  he  estimated  that  London  required  fifty  gas  works. 
Dr.  Smith  replied  that  it  was  recognised  that  by  that  means  gas 
could  be  distributed  in  the  cheapest  manner,  but  it  was  not  allowed, 
and,  therefore,  it  could  not  be  considered  in  connection  with  this 
discussion. 

Replying  to  Mr.  Van  Hettinga  Tromp,  he  said  that  figures  relating 
to  the  cost  of  oil  distribution  by  pipe  lines  were  not  of  very  great 
interest  to  this  country,  though  they  might  be  to  other  countries, 
and  if  it  were  considered  that  the  inclusion  of  such  figures  was  desir- 
able they  could  be  added. 
Mr.  H.  V.  Lloyd- Jones  (Great  Britain),  made  further  reference 
to  statements  contained  in  his  paper  (04),  which  might  be  open  to 
misconstruction.  In  the  first  place,  he  said  he  feared  he  had  given 
the  impression  that  there  would  be  increased  difficulty  in  satisfying 
the  standards  of  quality  of  gas  under  a  long-distance  scheme  as 
compared  with  the  present  scheme  of  gas  transmission.  He  did 
not  think  it  was  right  to  imply,  as  he  appeared  to  have  done,  that 
under  a  long-distance  scheme  the  difficulties  would  be  increased, 
because  it  seemed  to  him,  on  reconsidering  the  matter,  that  though 
there  was  a  kind  of  dual  responsibility  for  the  maintenance  of  the 
quality  of  the  gas,  at  present  coke  ovens  produced  gas  and  statutory 
bodies  supplied  it,  the  statutory  bodies  being  responsible  for  the 
quality.  He  did  not  think  that  under  a  long-distance  scheme  the 
difficulties  would  necessarily  be  so  greatly  increased  as  to  be  in- 
superable. 

In  the  second  place,  with  regard  to  the  Electricity  Supply 
Act,  1926,  he  said  that  in  referring  to  that  Act  as  a  model, 
he  did  not  wish  to  imply  that  it  was  the  only  possible  model  on 
which  a  long-distance  scheme  could  be  framed.     He  had  put  it 
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forward  as  the  most  obvious  and  most  convenient  model,  but  o 
course,  if  the  question  of  long-distance  transmission  arose,  it  would 
be  perfectly  possible  to  utilise  different  schemes,  and  ultimately 
it  would  be  a  matter  of  political  policy  rather  than  of  legal  diffi- 
culty. 
Finally,  on  behalf  of  the  Law,  he  resented  Mr.  Evans'  suggestion 
that  it  was  due  to  feudal  relics  in  our  legal  system  that  these 
difficulties  were  now  in  existence.  The  difficulties,  he  said, 
were  not  feudal;  they  were  inherent  in  ownership,  and  if  Mr.  Evans' 
suggestion  that  the  present  legal  system  in  this  country  should 
be  abolished  were  to  be  adopted,  we  should  have  to  abolish,  not 
feudal  relics,  but  the  whole  principle  of  ownership. 
Mr.  Robert  MacLaurin  (Great  Britain),  referring  to  the  paper 
by  Dr.  Smith  (02),  said  he  considered  it  a  very  clever  piece  of 
pleading  for  the  gas  industry  as  against  the  electrical  industry. 
Dr.  Smith  would  probably  have  made  a  very  good  lawyer  or  politi- 
cian, but  he  was  not  a  very  safe  leader  for  the  gas  industry.  He 
might  make  a  good  politician,  because  a  politician  often  led  us  into 
a  quagmire  and  left  us  there;  that  was  what  he  (Mr.  MacLaurin) 
considered  Dr.  Smith  had  done  in  his  paper. 

Dr.  Smith  had  put  forward  figures  showing  that  the  gas  industry 
could  distribute  gas  rather  more  cheaply  than  the  electrical  industry 
could  distribute  electricity.  The  question  we  were  interested  in,  how- 
ever, was  whether  the  consumer  could  get  his  gas  at  a  lower  cost  in 
consequence.  A  figure  of  about  1/lOth  of  a  penny  had  been  given  in 
the  paper  as  representing  the  cost  per  therm  of  transmitting  gas  a 
distance  of  five  miles,  but  from  his  (the  speaker  s)  experience, 
the  gas  industry  did  not  appear  to  be  interested  in  savings  of  that 
order.  Many  years  ago  he  had  put  forward  to  the  gas  industry  a 
proposal  for  making  cheap  gas;  a  proposal  which,  if  adopted,  would 
have  reduced  the  cost  of  producing  gas  by  2d.  or  3d.  per  therm. 
He  had  had  an  interview  with  the  gas  manager  at  Glasgow,  which 
had  lasted  half-an-hour,  after  which  the  proposal  was  turned  down. 
Then  he  had  been  recommended  to  go  to  the  electricity  department. 
He  had  seen  Mr.  W.  W.  Lackie  (then  the  electrical  engineer  and 
manager  at  Glasgow),  who  had  brought  in  Mr.  Archibald  Page,  and 
together  they  considered  the  figures  he  had  put  forward.  After 
discussing  them  for  two  hours  they  had  told  him  that  if  he  could 
show  a  saving  of  1/lOth  of  a  penny  in  the  cost  of  fuel  for  electricity 
generation  by  the  use  of  gas  it  would  be  of  great  interest  to  them. 
Subsequently  the  Electricity  Department  at  Glasgow  had  recom- 
mended that  the  MacLaurin  plant  should  be  tried,  whereas  the  Gas 
Department,  which  would  have  made  a  very  much  greater  total 
saving  thereby,  had  turned  it  down.  Eventually,  however,  both 
parties  united  and  agreed  to  experiment  with  the  plant.  That 
experience  indicated  a  difference  in  the  outlook  of  the  electrical 
and  gas  industries  which  needed  to  be  emphasised.  Those  in  the 
former  industry  were  trained  as  scientists  and  were  dealing  in  a 
scientific  manner  with  their  problems;  those  in  the  latter  were 
playing  around,  and,  having  a  monopoly,  charged  3d.  or  4d.  more 
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than  they  need  for  their  gas  and  did  not  care  whether  they  saved 
Id,  2d,  or  3d,  in  the  cost  of  production. 

Dr.  Smitiî  pointed  out  that  his  figures  were  prepared  in  con- 
junction with  the  Electricity  Commissioners. 

Mr.  MacLaurin  repHed  that  the  figures  were  perfectly  correct. 
Continuing,  he  said  the  MacLaurin  process,  he  believed,  could  pro- 
duce gas  at  about  Id.  per  therm,  of  a  quality  of  240  B.Th.U.  per 
cu.  ft.  The  present  gas  processes,  as  used  in  the  gas  works  of  the 
country,  produced  gas  of  500  B.Th.U.  per  cu.  ft.,  at  a  cost  of  3d.  or 
4d.  per  therm.  The  cost  of  transmitting  gas  was  about  0-ld.  per 
therm.  Thus,  the  cost  of  producing  gas  by  the  MacLaurin  plant, 
and  of  distributing  it,  was  1  -Id.,  or,  taking  into  consideration  that 
the  gas  was  of  a  calorific  value  of  240  B.Th.U.  per  cu.  ft.,  the  dis- 
tribution cost  could  be  doubled,  for  purposes  of  comparison,  so  that 
the  cost  of  manufacture  and  distribution  would  be  1  Jd.  per  therm. 
The  cost  of  producing  and  distributing  vertical  retort  gas  would  be 
3d.  or  4d.  plus  Old.  per  therm,  a  total  of  3- Id.  or  4- Id.,  assuming 
a  100  per  cent,  load,  but  the  gas  industry  had  only  1/lOth  of  that 
load.  The  cost  of  distribution  depended  very  largely  on  demand. 
Gas  which  cost  4d.  to  produce  was  sold  to  the  consumers  at  8d. 
Wherein  lay  the  necessity  of  4d.  for  distribution?  The  trouble  was 
this.  Because  gas  was  sold  at  such  a  high  price,  the  consumers 
used  very  little  of  it,  and  the  distribution  charges  were  in  con- 
sequence high.  The  gas  industry  would  save  itself  by  producing 
and  distributing  gas  more  cheaply;  the  mains  would  then  be  fully 
occupied.  At  the  present  time  the  average  consumer  was  using 
something  hke  100  cu.  ft.  per  day,  instead  of  500  or  1,000  cu.  ft. 
Some  three  or  four  months  ago  the  Gas  Journal  published  a  leading 
article  dealing  with  the  distribution  of  low  quality  gas,  in  which  it 
was  stated  that  if  such  gas  were  distributed  it  would  be  necessary 
to  double  the  capacity  of  the  mains  and  double  the  capacity  of  the 
gas  holders.  The  latter  statement,  however,  was  downright 
nonsense.  If  the  gas  were  produced  in  vertical  retorts  it  might  be 
necessary  to  double  gasholder  accommodation,  but  if  it  were  pro- 
duced in  producers  it  was  not  necessary.  Even  if  it  were  necessary 
to  double  the  capacity  of  the  mains,  the  cost  of  distribution  would 
be  only  0-2d.  per  therm,  and  that  was  not  a  very  serious  matter. 
Why  not  double  or  treble  the  capacity  of  the  mains  and  distribute 
gas  for  all  domestic  and  industrial  uses? 

Col.  W.  a.  Bristow  (Great  Britain)  said  that  with  regard  to  the 
paper  by  Mr.  Lloyd  Jones  (04),  in  which  was  set  out  the  legal 
considerations  governing  long  distance  transmission  of  gas,  he 
thought  it  most  opportune  that  a  paper  of  this  character  should 
be  presented  at  this  Congress.  We  were  now,  if  not  at  the  parting 
of  the  ways,  at  all  events  at  a  moment  of  rapid  development  in  many 
directions  with  regard  to  the  national  use  of  fuel.  In  considering 
the  development  of  new  branches  of  the  fuel  industry,  care  should 
be  taken  not  only  to  respect  the  just  rights  of  those  already  in  the 
field,  but,  at  the  same  time,  to  preserve  as  far  as  possible,  the  liberty 
of  action  of  the  user.     Concerns  such  as  statutory  gas  companies 
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carried  on  their  business  subject  to  certain  restrictions  as  to  the 
calorific  value,  pressure  and  purity  of  the  gas  and  their  freedom  as  a 
private  enterprise  was,  in  other  respects,  somewhat  trammelled.  They 
even  found  themselves  in  the  position  of  being  very  large  rate- 
payers in  a  district  in  which  the  municipality  carried  on  the  rival 
business  of  the  production  of  electricity  for  domestic  consumption; 
and  in  such  cases  as  these  it  was  important  that  in  the  future,  in 
whatever  new  developments  might  be  taking  place,  the  respective 
rights  of  these  two  bodies  should  be  properly  observed  in  order  that 
the  consumers  might  not  be  prejudiced  either  one  way  or  the  other. 

The  gas  grid  scheme,  if  properly  worked  out  from  a  technical  point 
of  view,  would  undoubtedly  be  of  great  value  to  the  low  temperature 
carbonisation  industry,  as  it  would  afford  a  ready  and  profitable 
means  of  consuming  the  large  quantities  of  low  temperature  gas 
available;  but  at  the  same  time  he  felt  that  no  such  development 
should  take  place  unless  the  rights  of  all  parties  were  properly 
observed.  Since  reading  the  paper  of  Mr.  Lloyd  Jones,  he  had 
procured  copies  of  the  various  Gas  Acts,  which  bore  upon  this 
particular  branch  of  the  subject,  including  the  most  recent  Act  of 
July,  1928.  In  reading  through  this  Act,  the  purpose  of  which  was 
to  extend  the  limits  of  supply  of  a  large  London  gas  company,  he 
was  surprised  to  note  in  Clause  19,  that  the  Act  should  not  apply  to 
a  housing  estate  erected  by  a  London  Borough  Council.  On 
referring  the  matter  to  a  friend  connected  with  this  particular 
council  he  heard  a  very  interesting  story,  which  illuminated  very 
clearly  the  points  he  wished  to  make.  It  appeared  that  this  Council 
when  erecting  2,000  houses  on  an  estate,  under  the  Government 
housing  schemes,  decided  that  the  terms  of  the  tenancy  should 
prohibit  the  use  of  gas  for  lighting  purposes,  and  in  the  leases  a 
clause  was  inserted  to  the  effect  that  the  use  of  gas  would  not  be 
allowed  for  this  purpose.  The  decision  appeared  somewhat  re- 
markable in  view  of  the  fact  that  the  gas  company  had  offered  to 
lay  the  mains,  pipe  the  gas  to  houses,  and  supply  fittings  and  cooking 
and  heating  equipment  free  of  all  cost  to  the  Borough  Council,  and, 
moreover,  with  absolutely  no  proviso  whatever  as  to  whether  the 
tenant  should  use  gas  or  electricity.  The  tenants  of  the  estate,  being 
in  desperate  need  of  homes,  had  perforce  to  swallow  this  clause,  but 
immediately  got  together  and  presented  a  very  extensively  signed 
petition  to  the  Borough  Council,  asking  that  they  might  have  equal 
rights  with  the  other  ratepayers  and  to  be  allowed  to  choose  for 
themselves  whether  they  would  use  gas  or  electricity.  The  Ministry 
of  Health,  being  informed  of  the  condition  of  affairs,  gave  notice  to 
the  Borough  Council  that  they  would  not  be  responsible  under  the 
Housing  Scheme  Funds  for  the  extra  cost  of  putting  in  the  wiring 
into  houses  in  view  of  the  offer  of  the  gas  company,  and  he  as- 
sumed that  the  cost  of  wiring  the  houses  was  thrown  on  the  general 
rates  so  that  a  ratepayer  in  one  part  of  the  district  had  the  privilege 
of  paying  for  the  installation  of  the  electric  light  forced  upon  another 
ratepayer  who  did  not  want  it,  in  the  same  district. 

This  raised,  in  his  opinion,  a  legal  point  of  paramount  importance, 
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and  one  which  would  have  to  be  very  carefully  considered  when 
dealing  with  any  developments  in  the  fuel  situation  which  might 
require  legal  alterations.  It  was  true  that  the  private  owner  of  a 
house  could,  when  letting  it,  make  any  terms  he  pleased  with  the 
would-be  tenant.  He  might  even  insist  that  the  tenant  should  be 
a  total  abstainer,  or  have  no  children  in  the  house  or  any  number  of 
unnatural  and  unreasonable  things,  and  if  the  tenant  took  on  the 
house  he  did  so  with  his  eyes  open.  He,  personally,  could  foresee, 
however,  enormous  difficulties  if  Borough  Councils  or  other  authori- 
ties putting  through  housing  schemes  with  public  money,  were 
allowed  to  treat  the  houses  as  their  private  property  and  impose 
terms  upon  that  part  of  their  ratepayers  who  inhabited  those  houses 
different  from  or  more  onerous  than  those  endured  by  the  rest  of  the 
ratepayers  in  their  district.  He  suggested  that  an  extension  to 
the  Housing  Acts  was  necessary,  and  the  extension  should  establish 
the  fact  that  the  local  authorities  were  not  to  treat  these  houses 
as  their  private  property  or  to  do  any  act  which  impaired  the 
legitimate  freedom  of  the  tenant.  The  result  of  this  particular 
action  was  as  curious  as  it  was  lamentable.  The  tenants  being 
deprived  of  gas  for  cooking  had,  in  a  large  number  of  instances, 
had  to  recourse  to  oil  stoves,  and  he  was  given  to  understand  by 
those  in  the  oil  industry  that  this  part  of  Woolwich  was  now  one 
of  their  best  sales  districts.  As  the  whole  of  the  oil  they  used  was 
imported,  this  constituted  another  blow  at  the  national  fuel  industry. 
He  raised  this  point  not  because  he  was  connected  with  any  company; 
on  the  contrary  they  were  rival  manufacturers  of  smokeless  fuel; 
but  it  was  obvious  that  in  this  case  their  objects  were  identical, 
namely,  to  secure  a  fair  field  and  no  favour  for  ar.y  particular  type 
of  heat  or  light  that  the  public  demanded. 

He  was  already  at  cross  purposes  with  one  provincial  local  authority 
who  had  their  own  gas  undertaking.  The  ratepayers  in  that 
locality  did  not  like  their  gas  works  coke  and  would  not  burn  it. 
"Coalite"  had  been  introduced  into  the  district  and  had  displaced 
some  of  the  small  coke  trade  still  existing,  and  from  conversations 
he  had  had  with  the  gas  department  it  was  clear  that  they  had 
exercised  their  wits  in  order  to  try  and  devise  some  scheme  by 
which  their  ratepayers  should  be  prevented  from  burning  "Coalite" 
in  preference  to  their  own  coke.  He  was  not  suggesting  for  one 
moment  that  this  represented  the  general  attitude  of  the  gas  com- 
panies on  this  important  question.  He  merely  mentioned  it  to 
show  that  whilst  in  some  cases  their  interests  might  be  opposed,  yet 
he  was  equally  concerned  with  them,  or  even  with  electricity  com- 
panies, in  order  to  secure  legal  action  which  should  reserve  the 
rights  of  the  public  and  pay  due  regard  to  the  legitimate  interests 
of  new  or  established  industries. 

If  he  were  a  gas  company  he  would  be  rather  perturbed  at  the  trend 
of  thought  and  action  with  regard  to  the  supply  of  gas,  that  was, 
from  a  strictly  legal  point  of  view.  If  they  were  to  be  debarred 
from  legitimate  expansion  by  actions  such  as  he  had  just  described 
and  at  the  same  time  attacked  in  the  rear  by  other  concerns  having 
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the  right  to  pump  gas  into  their  mains,  how  could  they  carry  out 
their  obUgations  and  continue  to  submit  to  the  restrictions  imposed 
upon  them  under  the  present  Acts?  He  thought  the  present  was 
a  very  opportune  time  for  establishing  a  committee  which  would 
investigate  the  situation  with  a  view  to  making  recommendations 
as  to  the  nature  of  the  legislation  required  to  deal  with  future 
developments,  in  order  that  no  one  section  of  the  community  should 
be  unjustly  treated. 

Mr.  Irwin  Crookes  (New  Zealand),  prefaced  his  remarks  by  ex- 
pressing the  hope  that  any  legal  disabilities  applying  to  either  the 
electrical  or  the  gas  industry  in  this  country  would  be  removed 
shortly,  so  that  both  would  have  a  fair  field,  without  favour. 

He  then  went  on  to  deal  with  the  costs  of  transmitting  electrical 
energy,  and  said  that  when  he  had  read  Dr.  Smith's  paper  he  had 
received  some  very  serious  shocks,  for  various  ideas  he  had  cherished 
for  the  last  twenty-five  years  appeared  to  have  been  absolutely 
wrecked.  Dr.  Smith  had  indicated  that  the  cherished  idea  of 
developing  electrical  power  at  the  pit  head  was  a  myth  from  an 
economic  point  of  view,  and  had  stated  that  the  complete  replace- 
ment of  present  forms  of  domestic  heat  by  electrical  energy  offered 
the  prospect  of  little,  if  any,  savings.  According  to  the  figures  given, 
the  deductions  made  appeared  to  be  correct.  He  (Mr.  Crookes),  how- 
ever, had  had  some  little  experience  of  the  transmission  of  electrical 
energy  and  based  his  conclusions  on  practical  experience,  and  not  on 
assumptions  and  arguments  based  on  those  assumptions.  As 
illustrating  the  point  of  view  from  which  he  regarded  electrical 
transmission  costs,  he  gave  particulars  of  a  small  scheme  with 
which  he  had  been  associated,  as  engineer. 

Power,  at  22,000  volts,  was  transmitted  over  a  distance  of  twenty- 
five  miles.  The  line  passed  through  many  kinds  of  country,  includ- 
ing dense  forests,  parts  of  which  had  to  be  cleared.  The  line  was 
put  down  about  ten  or  eleven  years  ago,  and  the  cost  per  mile  was 
about  £^00,  the  total  cost  being,  say,  £13,000.  The  scheme  was  not 
a  very  big  one,  and  involved  the  transmission  of  about  4,000  kW. 
By  dividing  /1 3,000  by  4,000  he  arrived  at  a  figure  of  {"3  5s.  per  kW. 
The  concern  responsible  for  the  line  had  paid  a  dividend  of  7^  per 
cent,  for  a  number  of  years  previously,  and,  therefore,  he  had  allowed 
Ih  per  cent,  for  capital  charges.  Power  transmission  lines  lasted 
a  good  many  years,  and  he  had  allowed  2\  per  cent,  for  depreciation, 
maintenance,  etc.  Thus,  the  total  annual  charge  was  10  per  cent., 
or  ,^1,300,  or  the  annual  charge  per  kW.  was  10  per  cent,  of  £3  5s., 
i.e.  6s.  6d.  That  was  the  cost  of  transmitting  1  kW.  continuously 
for  the  whole  365  days,  for  twenty-four  hours  a  day — a  100  per  cent, 
load  factor.  The  cost  per  kW./hour  was  obtained  by  dividing 
6s.  6d.  by  the  number  of  hours  in  the  year,  say,  8,700,  and  that  gav  ^ 
an  exceedingly  small  figure;  nothing  like  so  large  as  the  figures 
given  by  Dr.  Smith,  even  if  the  load  factor  were  reduced  from  100 
to  25  per  cent. 

Lt.-Commander  H.  W.  Brooks,  U.S.N.R.  (U.S.A.),  referred  to  the 
long-distance  transmission  of  pulverised  coal  through  pipe  lines. 

878 


DISCUSSION 

About  three  years  ago,  he  said,  a  client  had  put  to  him  the  problem 
as  to  how  far  pulverised  coal  could  be  transmitted  in  this  way. 
A  5-in.  pipe  line  was  erected,  fed  by  a  FuUer-Kinyon  conveying 
device.  The  first  experiment  was  carried  out  on  a  1,000-ft.  pipe 
line,  and  its  length  was  increased  by  increments  of  1,000  ft.,  further 
experiments  being  carried  out  after  each  1,000  ft.  of  pipe  line 
was  added.  Eventually  shorter  lengths  of  pipe  line  were  added, 
and  the  length  of  the  pipe  line  was  finally  5,400  ft.  Off-hand,  it 
would  appear  that  the  power  consumption  for  the  transmission  of 
the  pulverised  coal  over  this  distance  would  be  prohibitively  high, 
but  that  did  not  prove  to  be  the  case,  because  the  coal  was  pumped 
as  a  fluid.  A  very  small  amount  of  air  was  introduced  in  order  to 
render  the  mixture  semi-liquid,  and  it  was  then  forced  through  the 
pipe  line  by  a  screw  pump.  As  a  result  of  the  experiments,  it  was 
estimated  that  with  two  relay  stations  it  would  be  possible  to  pump 
pulverised  coal  a  total  distance  of  three  miles.  The  installation 
which  his  chent  had  in  mind  was  not  finaUy  installed,  due  to  a  change 
of  plans,  but  he  imderstood  that  the  manufacturers  of  the  equipment 
would  have  no  hesitation  in  accepting  such  a  contract  if  offered. 
This  concluded  the  discussion  on  Section  O. 
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GENERAL  REMARKS 

Fuel  is  used  in  industry  for  various  heating  processes  and  for 
the  production  of  power.  Heating  processes  absorb  a  definite 
amount  of  heat  at  a  definite  temperature.  In  order  to  transfer  the 
requisite  amount  of  heat,  the  products  of  combustion  of  the  fuel 
must,  therefore,  attain  a  temperature  higher  than  that  at  which  the 
operation  is  carried  out,  and  must  also  leave  the  heating  zone  at  a 
temperature  at  least  as  high  as  the  material  under  treatment. 

The  sensible  heat  in  the  products  of  combustion  passing  away 
from  the  heating  zone  therefore  constitutes  an  unavoidable  surplus 
which,  unless  special  steps  are  taken  for  its  recovery,  forms  a 
serious  charge  on  the  fuel  requirements  of  the  process.  The 
higher  the  temperature  required  by  the  process  the  greater  the 
proportion  of  such  surplus  heat  produced.  In  the  majority  of 
heating  processes  it  is  possible  to  recover  a  large  proportion  of 
this  surplus  in  such  a  way  as  to  show  large  returns  on  the  capital 
expenditure   for  this  purpose. 

The  methods  of  recovery  may  conveniently  be  considered  in 
two  distinct  sections — those  methods  by  which  the  surplus  heat 
is  returned  to  the  process  and  those,  in  which  it  is  utilised  in 
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secondary  processes  worked  at  a  lower  temperature  than  that  of 
the  primary  operation. 

In  the  first  section  we  find  the  surplus  heat  returned  to  the 
process  by  pre-heating  either  the  material  under  treatment,  the 
fuel  or  the  air  for  combustion.  On  a  blast-furnace  plant,  for 
instance,  all  three  are  pre-heated,  whilst  in  open  hearth  furnaces 
both  fuel  and  air  are  pre-heated,  and  many  reheating  furnaces 
are  arranged  to  pre-heat  both  stock  and  air. 

Where  the  process  is  continuous  the  pre-heating  of  the  stock 
can  usually  be  undertaken  for  a  comparatively  low  capital  expen- 
diture and  a  proportion  of  the  surplus  heat  recovered  in  this  way. 
On  the  other  hand,  the  heat  transfer  to  the  stock  is  often  ex- 
tremely inefficient,  and  there  is  usually  a  point  beyond  which  the 
recovery  of  the  remaining  surplus  heat  is  more  economically 
undertaken  in  efficient  and  properly  designed  heat  exchangers. 

Pre-heating  and  dr^dng  of  solid  fuel  is  necessary  in  some  cases, 
but  the  practical  difficulties  preclude  its  use  under  normal  condi- 
tions. 

In  practice,  the  surplus  is  recovered  by  one  or  other,  or  in  certain 
cases  by  a  combination,  of  the  following  two  methods  : — 

(a)  Regeneration  or  recuperation,  i.e.,  heating  the  ingoing  air 
of  combustion  or  heating  gas  by  the  sensible  heat  in  the 
discharged  products  of  combustion. 

(b)  Steam  raising  or  water  heating. 

There  is  a  definite  practical  limit  beyond  which  it  is  not  econo- 
mical to  recover  the  heat  and  return  it  to  the  process.  This  limit 
is  largely  dependent  on  the  ratio  of  the  volume  of  waste  gas  to 
the  volume  of  air.  Where  the  gaseous  fuel  is  of  comparatively 
high  calorific  value,  such  as  coke-oven  or  town's  gas,  and,  therefore, 
the  volume  of  waste  gases  is  only  about  one-fifth  greater  than  the 
volume  of  air,  the  outgoing  products  of  combustion  can  be  reduced 
to  low  temperatures  by  suitable  regenerators  and  the  heat  trans- 
ferred to  the  relatively  large  volume  of  air.  On  the  other  hand, 
on  producer  gas-fired  furnaces  where,  in  addition  to  the  fact  that 
tho  volume  of  a':  is  only  about  one-half  that  of  the  products  of 
combustion,  the  producer  gas  itself  as  delivered  to  the  furnace  is 
at  high  <"empei  citure,  the  limits  of  heat  recovery  are  very  de- 
finitely fixed.  In  fact,  in  such  a  case,  it  is  not  possible  for  the 
ingoing  air  to  t.ike  up  more  than  about  50  per  cent,  of  the  heat  in 
the  products  of  combustion. 
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To  utilise  the  remainder  of  the  surpkis  heat  it  is  necessary  to 
consider  some  low-temperature  operation,  such  as  steam  raising 
or  water  heating. 

It  is  often  argued,  even  when  producer  gas  is  the  heating  medium, 
that  low  "waste"-gas  temperatures  are  obtained  with  regenerators, 
and  no  further  economy  is  possible.  Instances  are  cited  where 
"waste"-gas  temperatures  at  the  outlet  of  the  regenerators  are 
some  300°C. 

The  answer  is,  invariably,  that  the  low  temperature  is  due  to 
infiltration  of  air,  either  at  or  near  the  regenerators,  or  in  the  flue 
system  itself.  The  only  criterion  of  furnace  efficiency  is  the 
amount  of  fuel  used  per  unit  of  primary  product.  Outlet  "waste" 
gas  temperatures  require  to  be  accompanied  by  gas  analyses 
sufBcient  to  compute  the  excess  air  content  before  a  decision  as 
to  whether  further  fuel  economy  is  possible  can  be  reached. 

In  all  the  detailed  considerations  in  this  report  it  is  assumed 
that  the  primary  process  conforms  with  modern  ideas  of  efïi-^ 
ciency  ;  that  is,  it  is  taken  as  axiomatic  that  the  surplus  heat 
recovery  is  not  practised  to  cover  up  defects  in  the  operation,  but 
that  gains  due  to  recuperation,  regeneration  or  steam  raising  are 
strictly  reductions  in  the  heat  losses  unavoidable  in  the  primary 
process,  under  conditions  appertaining  to  normal  good  practice. 

The  following  aspects  will  now  be  considered  in  further  detail  : — 

1.  Air  pre-heating  in  recuperators,  regenerators,  and  a  com- 
parison of  methods  in  vogue. 

2.  "Waste"  heat  boilers  as  applied  to  the  steel,  the  carbonising, 
and  the  cement  industries,  and  to  gas  and  oil  engines — 
particularly  marine  oil  engines. 

3.  Other  methods  of  utilising  the  exhaust  heat  on  modern  oil 
engines. 

4.  Salient  features  of  an  efficient  "waste"  heat  boiler. 

PRE-HEATING  OF  AIR 

Recuperators.  In  a  recuperator  the  hot  products  of  combustion 
pass  continuously  along  one  side  of  a  partition  wall  and  the 
medium  to  be  heated,  either  air  or  gas,  passes  continuously  along 
the  other  side.  A  recuperator  is,  therefore,  a  continuous  heat  inter- 
changer.  The  separating  wall,  through  which  the  heat  is  trans- 
mitted mainly  by  conduction,  is  generally  built  up  from  bricks, 
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tiles  or  special  hollow  blocks,  made  of  refractory  material.  In 
recent  years  metallic  tubes  have  come  into  use  for  this  purpose. 
The  outstanding  features  of  an  ideal  recuperator  are  : — 

1.  Compact  construction. 

2.  The  material  employed  should  be  non-porous  and  must 
possess  a  high  thermal  conductivity. 

3.  The  relationship  of  heating  surface  to  the  weight  of  the 
gaseous  medium  flowing  through  the  tubes  should  be  high, 
involving  narrow  flues. 

4.  High  velocity  of  gases  in  flues,  which  should  be  easily 
accessible  for  cleaning. 

5.  To  obtain  rapid  heat  transmission,  the  partition  walls  should 
be  comparatively  thin,  but  of  sufficient  mechanical  strength 
to  prevent  leakage  through  joints  and  cracks  caused  by 
stresses  due  to  unavoidable  expansion. 

Narrow  flues,  although  very  suitable  from  a  heat  transmission 
point  of  view,  have  a  higher  f  rictional  loss,  requiring  an  increased 
chimney  pull,  which  again  facilitates  leakage  and  dilution.  Special 
attention  to  the  flue  areas  must  be  given  if  the  combustion  products 
contain  a  considerable  amount  of  flue  dust.  Metal  recuperators, 
(an  ideal  construction)  have  been  adopted  largely  for  low-tempera- 
ture work,  especially  for  pre-heating  the  combustion  air  for  boiler 
firing.  For  higher  temperatures,  heat-resisting  metals,  such  as 
calorised  iron,  chrome  steels  and  nickel-chromium  alloys  are  now 
being  used.  The  high  initial  cost  of  high-temperature  metal 
recuperators,  and  their  rapid  deterioration  due  to  the  presence  of 
sulphur  compounds  in  the  products  of  combustion,  have  prevented 
adoption  on  a  large  scale. 

There  are  three  types  of  recuperators,  the  parallel-flow,  the 
counter-flow,  and  the  cross-flow  types.  For  materials  of  rela- 
tively low  thermal  conductivity,  such  as  refractory  material,  the 
counter-flow  type  of  recuperator  gives  the  best  results. 

The  maximum  theoretical  proportion  of  the  sensible  heat  entering 
the  recuperator  which  can  be  recovered  by  pre-heating  the  com- 
bustion air  is  approximately  40  to  45  per  cent.,  and  is,  in  actual 
practice,  only  30  to  40  per  cent. 

The  required  heating  surface  of  a  recuperator  for  any  specified 
case  depends  on  the  available  temperature  of  the  combustion 
products  and  the  extent  of  the  pre-heat,  the  thickness  of  the  heat 
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transmitting  walls  and  the  heat  conductivity  of  the  material,  as 
well  as  on  the  general  design  of  the  recuperator.  The  heating 
surface  can  be  calculated  from  the  formula  :  — 

Qxd 

where  A  =  heating  surface. 

Q= quantity  of  heat  passing  through  the  wall. 

t  =  duration. 
öl  =  mean  temperature  of  heating  fluid. 
^2= mean  temperature  of  pre-heated  fîuid. 

d= thickness  of  wall. 

k= coefficient  of  thermal  conductivity  of  the  material. 

If  k  is  expressed  in  C.G.S.  units,  it  is  the  number  of  gram- 
calories  transmitted  per  second  from  one  face  of  a  cube  of  edge 
1  cm.  to  the  opposite  face  per  1°C.  temperature  difference  of 
the  two  surfaces.  Expressed  in  the  usual  English  units  of 
B.Th.U.  per  hr.  per  sq.  ft. /I  in./l°F.,  it  represents  the  amount 
of  heat  transmitted  per  hour  per  one  square  foot  area  of  a  wall  of 
1  in.  thick  per  1°F. 

Thermal  Conductivities  of  Refractory  Material.  The  thermal 
conductivities  of  various  refractory  materials  have  been  deter- 
mined by  a  number  of  investigators.^  The  results  vary  consider- 
ably for  the  same  materials  under  approximately  similar  conditions 
of  temperature.  This  discrepancy  is  mainly  due  to  the  fact  that 
some  investigators  measure  the  amount  of  heat  transmitted 
either  calorimetrically  or  electrically,  and  that  others  use  a 
method  which  depends  on  Fourier's  law  of  the  linear  diffusion  of 
heat.  The  thermal  conductivity  increases  with  higher  tempera- 
tures, the  increase  being  greater  in  the  case  of  silica  material 
than  with  fireclay  material.  The  coefficient  for  heat  transmission 
for  firebrick  for  a  temperature  range  from  0°C.  to  1,000°C.  varies 
from  0.0015  to  0.0025  in  C.G.S.  units,  being  equivalent  to  4.3  to 
7^  B.Th.U./hr./sq.  ft./l  in./l°F. 

R.  Horning^  found  values  of  2.2  B.Th.U.  at  200°F.  rising  to 
3.6  B.Th.U.  at  1,500°F.     In  actual  practice  this  factor  is  found 

1  A.    T.    Green,    "Thermal    Properties    of    Refractory    Material."       Brit, 

Refractories  Assoc.   Special  Bulletin  No.   12.,  p.  26. 

2  R.  Horning.    Jour.  Am.  Cer.  Soc,  1920. 
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to  be  no  higher  than  1.5  to  2.5  B.Th.U./hr./sq.  ft./l  in./l°F., 
and  with  badly  designed  recuperators  even  less.  The  thermal 
conductivity  of  carborundum  is  considerably  higher.  Hartmann 
and  Westmount^  found  values  varying  from  0.04  to  0.0178  in 
C.G.S.  units,  according  to  the  amount  of  bond  clay  used  in  the 
manufacture.  The  conductivity  of  carborundum  is,  therefore, 
about  ten  times  higher  than  that  of  fireclay  material,  and  is 
actually  found  in  practice  to  be  about  8  to  12  B.Th.U./hr./sq.  ft./ 
1  in./l°F.  For  recuperators  of  large  dimensions  the  cost  of  this 
material  would  undoubtedly  be  too  high.  In  metal  recuperators, 
the  heat  transmission  factors  vary  from  2.5  to  5  B.Th.U./hr./ 
sq.  ft./l  in./l°F. 

The  heating  surface  of  a  refractory  recuperator  required  to 
pre-heat  the  necessary  combustion  air,  corresponding  to  100,000 
B.Th.U.  (one  therm)  of  potential  heat  in  the  producer  or  fuel 
gas,  would  be  approximately  as  follows  : — 

Thickness    of    walls    ...  ...  ...  H    in. 

Temperature  of  products  of  combustion  1,000°C. 

(a)  Final  temperature  of  air  ...  ...  800° C. 

Heating  surface  per  100,000  B.Th.U.  30  sq.   ft. 

(&)  Final  temperature  of  air  ...  ...  600° C. 

Heating  surface  per  100,000  B.Th.U.  25   sq.   ft. 

Actual  tests  with  tubular  firebrick  recuperators  gave  the  follow- 
ing results  : — 

Temperature    of    waste    gases    entering 

recuperator 
Temperature  of  pre-heated  air 
Average    mean    temperature    difference 

between  waste  gases  and  air 
Potential  heat  in  producer  gas  per  hour 

Volume  of  air  for  combustion  of  above 

.     ,  ,  900.000  y  ,  , , 

amount  of  producer  gas      ^— —  x  i .  1 1 
25 

Heating  surface  of  recuperator 
Thickness  of  walls 

Collection  of  flue  dust,  short  circuiting  caused  by  leakage  and 
especially  the  incomplete  knowledge  of  exact  heat  transmission 
factors     under     actual     working     conditions,     make     a     precise 

^  Jour.  Am.  Cer.  Soc,  1925. 
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determination  of  the  required  heating  surface  from  a  furnace 
designer's  point  of  view  extremely  difficult,  and  for  improving 
future  designs  the  designer  generally  relies  to  a  greater  extent  on 
actual  operating  data  obtained  from  various  types  of  furnaces. 

If  a  certain  proportion  of  the  products  of  combustion  are  by- 
passed at  the  recuperator  inlet,  the  areas  of  the  recuperator 
passages  can  be  made  smaller.  The  gases  so  by-passed  can  either 
(1)  be  utilised  separately  as  a  high  temperature  surplus  heat 
medium  for  steam  generation,  or  (2)  be  mixed  again  with  the 
"waste"  gases  which  have  passed  through  the  recuperator  for 
joint  utilisation  in  the  usual  way,  in  a  "waste"-heat  boiler  plant. 
The  first  method  reduces  the  required  heating  surface  of  the 
recuperator,  but  decreases  considerably  the  overall  volumetric 
capacity   of   this   type   of   heat   interchanger. 

Regenerators.  This  type  of  heat  recovery  apparatus  consists 
either  of  two  or  four  brick  chambers  per  regenerative  unit,  filled 
with  chequer  brickwork,  according  to  whether  only  air,  or  both 
air  and  gas  are  to  be  pre-heated.  The  waste  gases,  as  heating 
medium,  and  the  air^  or  air  and  gas  to  be  heated,  flow  alternately 
through  one  or  a  pair  of  chambers  in  opposite  directions.  The 
chequer  brickwork  alternately  absorbs  heat  from  the  waste  gases 
and  gives  it  up  again  to  the  air  or  air  and  gas  during  the  next 
reversal  period,  which  usually  takes  place  every  twenty  to  thirty 
minutes,  according  to  the  operating  conditions  of  the  specific 
furnace.  These  reversal  periods  necessitate  a  reversion  of  flow 
of  the  flames  in  the  furnace  proper,  or  as  in  the  case  of  muffle 
furnaces,  coke-ovens,  etc.,  a  change  of  flow  of  the  combustion 
gases  in  the  heating  flues.  This  intermittent  action  of  heat 
regeneration  involves  the  provision  and  working  of  change-over 
valves.  The  efficiency  of  heat  recovery  of  regenerators,  of 
correct  design,  is  high,  the  heat  being  transmitted  from  the 
chequers  to  the  air  or  gas  during  the  pre-heat  period,  partly  by 
convection,  but  principally  by  radiation,  when,  according  to  the 
Stefan-Bolzmann  law,  the  heat  transmitted  is  proportional  to  the 
difference  of  the  fourth  powers  of  the  absolute  temperatures  of 
the  heat  radiating  and  heat  absorbing  materials.  During  the 
heating-up  period  the  sensible  heat  of  the  waste  products  is  taken 
up  by  the  chequers  mainly  by  conduction.  The  efficiency  of  heat 
transmission  in  regenerators  depends  to  a  large  extent  on  the 
time  contact,  on  the  area  of  the  exposed  heat-emitting  and  heat- 
absorbing  surface,  on  the  specific  heat  of  the  material  and  on  the 

889 


"WASTE"  HEAT  RECOVERY 

capacity  of  the  heat  conductivity  of  the  chequers,  as  well  as  on  the 
correct  proportion  between  the  weight  of  chequer  brickwork  and 
that  of  the  heat-emitting  and  heat-absorbing  media.  In  well- 
designed  regenerators  the  temperature  difference  of  waste  gases 
and  pre-heated  air  during  one  reversal  period  should  not  exceed 
80  to  100°F. 

The  usual  type  of  chequer  work  consists  of  either  normal  bricks 
or  special  shapes  of  2^  in.  square.  Recently,  new  types  of  re- 
generator filling  have  been  introduced,  such  as  spiral  and  hollow 
bricks,  which  appear  to  give  very  good  results. 

In  regenerators  the  free  space  between  the  chequers  is  generally 
taken  as  0.4  to  0.45  of  the  total  volume  of  the  regenerator  chamber. 
In  coke-oven  practice  the  total  weight  of  the  chequers  is  approxi- 
mately identical  with  the  weight  of  coal  coked  per  twenty-four 
hours.  For  sundry  furnace  design,  the  volume  of  the  chequer 
work  is  determined  more  easily  on  a  basis  of  weight  of  fluid  to 
be  pre-heated  to  weight  of  chequer  work.  With  a  temperature  of 
the  waste  gases  of  1,000°C.  at  the  regenerator  inlet  and  half- 
hourly  reversal  periods,  one  ton  of  chequer  work  would  heat 
about  80  lb.  of  combustion  air  per  hour,  or  roughly  1,000  cu.  ft. 
from  20°C.  to  about  950°C.,  as  well  as  about  950  cu.  ft.  of 
producer  gas,  with  a  potential  heat  content  of  about  1.25  therms. 
Of  the  above  weight  of  chequer  work,  one  half  will  be  used  for 
absorbing  heat  from  waste  gas,  and  the  other  half  will  be  giving 
up  heat  to  air  and  producer  gas.  If  air  only  is  pre-heated  the 
volumetric  capacity  for  pre-heating  is  nearly  doubled,  but  pre- 
cautions will  have  to  be  taken  not  to  restrict  the  free  area  of  the 
chequer  work  too  much,  in  view  of  the  practically  doubled  volume 
of  the  waste  gases  passing  through  the  second  half.  An  extensive 
theoretical  study  on  the  capacity  of  heat  transmission  of  re- 
generators was  made  by  W.  Heiligenstaedt.*  Interesting  data  on 
the  dimensions  and  heat  capacity  of  open  hearth  regenerators 
based  on  actual  working  results  have  now  been  compiled  by 
R.  J.  Sarjant.5 

Comparison  of  Methods  of  Air  Pre-heating.  Each  of  these  two 
types  of  heat  recovery  has  its  advantages  and  disadvantages.   The 

*  W.  Heiligenstaedt.    Bulletin  No.  73  of  the  Heat  Economy  Office  of  the 

German  Iron  and  Steel  Institute. 
'■'  R.    J.    Sarjant,    "Furnace    Heating,"    Fuel    in    Science    and    Practice. 

September,  1925. 
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adoption  of  either  depends  to  a  very  great  extent  on  the  heat 
requirements  of  the  specific  furnace.  The  recuperator,  although 
not  so  efficient  as  the  regenerator,  is  a  continuous  heat  inter- 
changer,  whereas  regenerators  work  intermittently.  The  former, 
requiring  practically  no  attention,  is  more  suitable  for  smaller 
furnaces,  especially  in  cases  where  the  combustion  temperatures 
required  do  not  exceed  2,500°F.  (1,360°C.).  The  recuperators 
built  in  refractory  material  require  more  space  than  regenerators, 
and  are  more  difficult  and  costly  to  repair.  Operating  difficulties 
caused  by  flue  dust  collection,  cracks,  leakages,  and  dilution,  can 
never  be  entirely  eliminated  in  recuperators,  even  when  the  utmost 
care  is  taken  in  their  design  and  construction. 

These  difficulties  do  not  exist  to  the  same  extent  in  regenerators, 
although  during  the  reversal  period  a  certain  amount  of  air  or 
fuel  gas  is  passed  direct  to  the  flues^  and  cooled  waste  gases  are 
returned  to  the  furnace.  The  resultant  loss  in  thermal  efficiency 
of  the  furnace  is,  however,  generally  below  1  per  cent. 

Large  furnaces  operating  under  very  high  temperature  condi- 
tions are  mostly  of  the  regenerator  type,  and  will  continue  to  be 
such  until  a  suitable  material  of  high  heat  conductivity  and  high 
mechanical  strength  at  high  temperatures  is  available  for  re- 
cuperators. 

The  amount  of  heat  recovered  by  the  pre-heat  of  one  or  both  of 
the  combustion  media  increases  the  total  heat  input  to  the 
furnace,  raising  thereby  the  calorific  intensity  of  the  fuel  used. 
Besides  the  resultant  saving  in  fuel,  further  important  savings 
may  be  emphasised.  Amongst  these  are  increased  uniformity  of 
product,  and  in  most  cases  increased  production  due  to  higher 
flame  temperatures. 

Fig.  1  indicates  the  theoretical  flame  temperature  for  various 
degrees  of  pre-heat  of  air  or  producer  gas  from  coke,  or  both,  up 
to  1,000°C.,  without  and  with  excess  combustion  air.  Two 
examples  are  indicated  in  dotted  lines  for  various  pre-heats  of  air 
and  gas,  one  with  theoretical  combustion  and  the  other  with  30  per 
cent,  excess  air.  The  actual  flame  temperatures  are  about  75  to 
80  per  cent,  of  the  theoretical  values.  The  flame  temperatures 
given  by  the  graph  do  not  include  corrections  for  the  dissociation 
of  gases,  and  this  is  one  of  the  main  reasons  why  the  actual  tem- 
peratures are  lower  than  the  calculated  values  given  on  the  chart. 


891 


'WASTE"  HEAT  RECOVERY 


r— — — --— -----r^d^^ 


V"%?  ""^ 


nsff 


3ï^:>rfp»^  uoijSf^^u/d5 


•OljS/^KfiUOO  **  S5  5^        ÇÏ        ^        ÇS 

l^WôJ  I    1    1    g    ^    1 


892 


GREAT  BRITAIN:  "IV ASTE"  HEAT  RECOVERY 
"WASTE"  HEAT  BOILER  APPLICATION 

The  Steel  Industry 

All  forms  of  modern  furnaces  fired  with  producer  gas  are  fitted 
with  regenerators  in  order  to  obtain  the  requisite  furnace  tem- 
perature, and  as  a  general  rule  the  gases  are  rejected  at  tempera- 
tures from  400  to  600°C.,  coupled  with  a  varying  percentage  of 
excess  air. 

Fig.  2  has  been  prepared  showing  the  steam  recovery  figures 
obtainable  in  typical  steel  works  practice.  The  following  basic 
data  are  assumed — that  the  coal  fed  to  the  producers  has  a  calorific 


o  10  ^o  30  4-0  5o  6  0  70 

PoofvdÄ  of  Stcoxm  from,  (xrut  at  îl^^F. p«r  Vb.  of  Prodjxozr  Cool ■ 
Fig.  2.     Steam  recovery  from  "waste"  heat — steel  and  allied  furnaces. 
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value  (net)  of  12,000  B.Th.U.  per  lb.,  and  that  the  overall  pro- 
ducer efficiency,  including  sensible  heat  in  the  hot  gas,  is  77  per 
cent. 

Furthermore,  it  is  assumed  that  the  gases  leaving  the  "waste" 
heat  boiler  are  reduced  to  230°C.,  which  is  a  normal  figure  for 
boilers  of  modern  design  operating  at  about  160  lb.  pressure. 
A  greater  thermal  efficiency  can  be  obtained  by  adding  a  feed- 
water  heater  to  the  recovery  circuit,  but  practice  has  shown  this 
to  be  a  very  doubtful  asset,  since  corrosion  of  the  metal  of  the 
boiler  commences  when  gases  containing  sulphur  compounds  are 
reduced  much  below  this  temperature.  In  the  average  works 
there  are  generally  other  sources  of  hot  water  which  can  be 
utilised  for  feed  purposes. 

Taking  the  case  of  an  average  British  60-ton  furnace  operating 
at  nominal  rating  and  giving  thirteen  casts  per  week  of  144  hours 
in  gas,  the  "waste"  gases  leaving  the  regenerators  would  have  an 
average  temperature  of  550°C.  and  contain,  say,  150  per  cent, 
excess  air.  Under  these  conditions  the  amount  of  steam  raised 
would  be  approximately  2.8  lb.  per  lb.  of  fuel  used  or  10,000  lb. 
per  hour  from  and  at  2\2°F.,  assuming  the  furnace  consumes 
6  cwt.  of  coal  at  the  producers  per  ton  of  steel.  Assessing  this 
steam,  if  raised  in  ordinary  boilers,  at  8  lb.  per  lb.  of  fuel,  the 
equivalent  coal  saving  would  therefore  be  1,250  lb.  per  hour  or 
230  lb.  per  ton  of  steel,  which  represents  34  per  cent,  of  the  fuel 
used  for  the  furnace. 

Excepting  that  the  gas-flow  is  steadier,  soaking-pit  practice 
closely  follows  that  of  the  open  hearth  furnace.  There  is,  how- 
ever, a  good  deal  of  variation  on  mill  re-heating  furnaces  accord- 
ing to  the  type  of  furnace  employed  and  nature  of  product 
handled. 

The  amount  of  coal  used  per  ton  of  finished  steel,  covering  that 
used  in  the  open  hearth  furnaces,  soaking  pits,  and  re-heating 
furnaces  is  9\  cwt.  per  ton.  Based  on  the  figure  of  2.8  lb.  of 
steam  per  lb.  of  fuel,  the  total  steam  it  is  practicable  to  raise  per 
ton  of  finished  steel  therefore  approximates  to  3,000  lb.,  which  at 
15  lb.  per  B.H.P.  per  liour  is  equivalent  to  two  hundred  horse- 
power. 

Actually,  in  practice,  it  is  necessary  to  deduct  from  this  the  quota 
of  steam  required  for  the  producers;  unless,  of  course,  the  steel 
works  forms  part  of  a  complete  undertaking  where  surplus  blast- 
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furnace  gas  and  coke-oven  gas  are  mixed  and  used  for  the  metal- 
lurgical furnaces,  in  which  event  the  producers  are  eliminated. 


Carbonising  Plants 

The  forms  in  commercial  use  may  be  classified  as  (a)  coke-ovens, 
and  {b)  gas  retorts.  A  third  class,  namely,  low-temperature 
carbonisation  plants,  is  rapidly  developing. 

Modern  forms  of  coke  ovens  are  almost  without  exception  of 
the  regenerative  type,  and  "waste"  heat  recovery  is  only  applic- 
able to  the  older  types  of  non-regenerative  ovens  which  are 
rapidly  falling  into  disuse.  In  the  gas  industry,  however,  where 
producer  gas  is  used  for  heating  the  retorts,  the  utilisation  of 
"waste"  heat  for  steam  raising  is  now  established  practice.  The 
development  in  this  industry  of  methods  of  "waste"  heat  recovery, 
which  has  taken  place  only  since  the  War,  has  depended  on  the 
disposal  of  coke  breeze.  In  the  absence  of  a  satisfactory  market 
for  this  product  it  perforce  had  to  be  used  under  the  works 
boilers.  The  steam  requirements  of  the  works  thus  being 
satisfied,  there  was  no  call  for  "waste"  heat  recovery  as  steam. 

During  the  last  decade,  developments  have  taken  place  in  the  use 
of  coke  breeze  in  ordinary  boilers  and  also  in  the  manufacture 
of  breeze  blocks  for  the  building  trade.  Thus,  markets  for  this 
gasworks  by-product  have  been  opened  up.  The  adoption  of  the 
recovery  of  "waste"  heat  as  steam  has  been  further  accelerated 
by  the  increasing  demands  for  steam  for  process  work  and  for 
power  to  replace  operations  originally  performed  by  hand. 

Coal  gas  plants  can  be  broadly  divided  into  two  main  types, 
continuous  settings  and  settings  working  intermittently — the 
former  being  only  of  the  vertical  type,  whereas  the  latter 
include  verticals,  inclined  and  horizontal  chambers  or  retorts. 
From  the  standpoint  of  fuel  consumption,  the  chief  difference 
lies  in  the  fact  that  in  settings  working  intermittently  the  coke  is 
discharged  at  high  temperatures,  and  some  25  per  cent,  of  the 
total  heat  supplied  to  the  setting  appears  as  sensible  heat  in  the 
coke.  On  continuous  vertical  retorts,  the  coke  is  cooled  by  the 
incoming  steam  for  water-gas  production,  and  in  some  cases  is 
further  cooled  by  the  circulation  round  the  bottom  of  the  retort  of 
secondary  combustion  air.  Whereas,  in  horizontal  settings,  in 
order  to  supply  the  extra  heat  absorbed  by  the  hot  coke  and  still 
obtain  a  reasonable  fuel  consumption  it  is  necessary  to  maintain 
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pre-heating  of  secondary  air  by  means  of  "waste"  gases,  builders 
of  continuous  vertical  retorts  have  abandoned  this  form  of 
"waste"  heat  recovery,  and  thus  have  available  for  steam  raising 
practically  the  whole  of  the  heat  in  the  "waste"  gases  leaving  the 
combustion  chambers.  Hence,  in  general  practice,  the  continuous 
vertical  retort  gives  considerably  higher  steam  yields. 

Of  course,  where  a  system  of  dry  cooling  of  the  coke  from 
intermittent  plants  is  introduced,  in  which  the  sensible  heat  of  the 
coke  is  recovered  as  steam,  the  total  yield  of  steam,  that  is  from 
"waste"  gases  plus  that  from  the  hot  coke,  is  practically  the 
equivalent  of  the  yield  from  modern  continuous  vertical  retorts. 

Fig.  3  has  been  prepared  showing  the  amounts  of  steam  recovered 
in  typical  gas  retort  installations.     Coke  of  12,000  B.Th.U.  per 
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Fig.  3.     Steam  recovery  from  "waste"  heat — gas  retort  settings. 
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lb.  net  is  assumed  as  producer  fuel,  with  an  overall  producer  effi- 
ciency, including  sensible  heat  in  hot  gas,  of  86  per  cent.  Here 
again,  it  is  assumed  that  the  gases  are  reduced  to  230°C.  at  the 
outlet  of  the  "waste"  heat  boiler. 

Water-gas  plants  are  a  separate  type  of  gas-making  plant,  to 
which  "waste"  heat  boilers  are  applied,  as  a  large  amount  of  heat 
escapes  to  atmosphere  during  the  "blow"  period.  At  the  com- 
mencement of  each  "blow"  period  the  gases  are  largely  composed 
of  carbon  dioxide  and  nitrogen,  with  a  small  proportion  of  carbon 
monoxide.  As  the  "blow"  progresses,  the  amount  of  carbon 
monoxide  increases,  and  it  must  be  burnt  with  suitable  air-blast 
arrangements  before  entering  the  boiler. 

In  modern  practice  some  80  to  100  lb.  of  steam  per  thousand 
cubic  feet  of  water-gas  are  available,  and  this  quantity  is  sufficient 
to  make  the  plant  self-supporting  in  the  matter  of  steam  require- 
ments. The  use  of  the  exhaust  steam  from  the  blower  turbine  is 
a  further  economy  in  this  direction^  although  it  is  more  difficult  to 
arrange  with  a  single  unit  than  with  a  battery  of  plants,  unless  an 
accumulator  is  provided. 

Cement  Plants 

The  rotary  cement  kiln  affords  an  excellent  field  for  "waste" 
heat  recovery  by  way  of  steam-raising,  as  the  majority  of  plants 
are  so  laid  out  that  regeneration  by  air  heating  is  not  feasible. 
The  yields  of  steam  vary  greatly  according  to  the  process  adopted, 
being  higher  with  the  dry  process,  where  temperatures  from 
700  to  1,000°C.  are  met  with,  than  with  the  tvet  process,  where, 
owing  to  the  evaporation  of  the  water  in  the  slurry,  the  tempera- 
ture is  often  reduced  to  400°C.  Typical  instances  of  "waste"  heat 
recovery  are  given  below  : — 

Plant 
Output,  barrels  per  day 
Temperature  of  waste  gases,  °C. 
Boiler  evaporation,  lb.  per  hour 

from  and  at  212°F 26,093       40,000       16,500 

Boiler  evaporation,  lb.  per  barrel, 

from  and  at  212°F 348  385  375 

An  important  factor  in  connection  with  the  utilisation  of  "waste" 
heat  from  cement  kilns  is  the  dust  problem,  but  modern  designs 
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of  "waste"  heat  boilers  effectually  deal  with  this  problem  so  that 
the  efficiency  of  the  recovery  plant  is  not  impaired. 

Gas  Engines 

The  application  of  "waste"  heat  boilers  to  gas  engines  goes  back 
almost  to  the  early  days  of  the  engine  itself,  especially  in  the  case 
of  large  blast  furnace  gas  engines.  In  general  practice  2  to  2.5  lb. 
of  steam  from  and  at  212°F.  per  B.H.P.  per  hour  is  available. 
As  in  the  case  of  steel  works  and  gas  works  boilers,  if  the  gas 
contains  sulphur  compounds,  it  is  undesirable  to  add  feed- 
water  heaters  to  increase  the  thermal  efficiency,  but  in  the  case  of 
blast  furnace  gas  it  is  possible  to  work  to  a  very  much  lower 
outlet  boiler  temperature  without  meeting  trouble,  under  which 
conditions  the  yields  of  steam  are  materially  enhanced. 

Oil  Engines 

The  development  of  "waste"  heat  boilers  on  oil  engines  is 
chiefly  limited  to  marine  work,  where  the  rapid  advance  of  the  oil 
engine  is  one  of  the  features  of  our  times. 

On  four-stroke  engines,  the  recovery  figure  is  approximately 
1.2  lb.  of  steam  per  B.H.P.  per  hour  when  working  at  moderate 
pressures,  such  as  120  lb.  per  sq.  in.  The  very  low  temperature 
on  two-stroke  engines  causes  the  pressure  at  which  the  steam  is 
raised  to  have  a  very  marked  effect  on  the  boiler  output.  Whereas 
it  is  possible  to  get  some  0.8  lb.  per  B.H.P.  per  hour  when  working 
at  pressures  of,  say,  15  lb.  per  sq.  in. — a  suitable  pressure  for 
heating  purposes — if  higher  pressures  are  required  for  power 
purposes,  the  steam  yield  falls  to  0.5  lb.  per  B.H.P.  per  hour. 

The  amount  of  steam  required  on  motor-ships  varies  with  the 
type  of  ship  and  the  service  conditions.  At  present,  development 
appears  to  be  in  favour  of  electrically-driven  auxiliaries  through- 
out, both  for  engine  room  and  deck  plant,  under  which  conditions 
it  would  appear  to  be  the  best  policy  to  use  the  steam  for  operating 
a  steam-driven  generating  set  (working  in  parallel  with  one  or 
more  Diesel  generating  sets),  the  exhaust  steam  or  a  proportion 
of  live  steam  being  used  for  accommodation  heating,  cooking, 
etc.  It  is  generally  advisable  for  this  class  of  boiler  to  be  fitted 
with  some  means  of  alternative  oil  firing,  so  that  steam  can  be 
produced  when  the  engines  are  stopped  or  when  they  are  running 
so  slowly  that  the  recover}-  of  steam  from  the  exhaust  gases  would 
be  negligible. 
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The  alternative  method  of  utihsing  the  exhaust  gases  from  large 
oil  engines  is  the  exhaust  gas  turbine,  which  latter  is  generally 
used  to  drive  a  scavenging  blower.  This  is  a  system  which  at 
present  is  being  developed  in  Germany,  but  which  has  not  yet 
become  anything  like  so  general  as  heat  recovery  as  steam  in 
"waste"  heat  boilers. 


"WASTE"  HEAT  BOILER  PRACTICE 

The  success  of  water-tube  boilers  as  rapid  transmitters  of  heat 
when  fired  with  solid  and  gaseous  fuels  naturally  led  to  their 
adoption  for  absorbing  the  sensible  heat  from  "waste"  furnace 
gases,  and  "waste"  heat  recovery  was  first  effectively  carried  out 
on  a  considerable  scale  on  this  type.  It  is  necessary,  however,  to 
consider  "waste"  heat  recovery  problems  under  two  separate 
headings  :  — 

(o)  Problems  in  which  the  heat  absorption  conditions  closely 
approximate    to    those    appertaining    to    solid    fuel-firing 
practice,  and 
(b)  Problems  involving  the  use  of  low-grade  "waste"  gases 
where  conditions  are  entirely  different. 

The  real  key  to  the  situation  is  the  proportion  of  heat  transmitted 
to  the  boiler  tubes  by  radiation.  The  water-tube  boiler  is  pre- 
eminently a  radiant  heat  absorber.  In  fact,  under  solid  fuel-fired 
conditions  some  70  per  cent,  of  the  total  evaporation  occurs 
through  radiation  in  the  rows  of  tubes  near  the  fire^  while  beyond 
this  zone  the  evaporation  per  unit  of  heating  surface  falls  rapidly, 
and  in  general  practice  the  économiser  and  air  heater,  if  installed, 
deals  only  with  the  "tail"  of  the  gases. 

With  low  grade  gases  the  radiant  heating  effect  is  practically 
negligible,  and  all  precautions  must  be  taken  to  obtain  the  best 
possible  heat  interchange  by  actual  physical  contact  between  the 
gas  particles  and  the  walls  of  the  heating  surface.  The  water-tube 
boiler  is  nothing  like  as  well  suited  to  this  type  of  heat  transmis- 
sion as  the  fire-tube  boiler,  and,  furthermore,  the  latter  type 
is  more  satisfactory  for  the  adoption  of  high  gas  velocities, 
thereby  setting  up  turbulence  of  gas  flow  with  consequential 
increased  rate  of  heat  transference. 

It  would  appear,  therefore,  that  when  handling  high  grade  gases, 
the  water-tube  boiler  is  inherently  suitable,  but  for  the  bulk  of 
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the  problems  met  with  in  "waste"  heat  recovery,  especially  on 
regenerative  furnaces,  the  fire-tube  boiler  holds  an  unchallengeable 
field.  The  authors  place  the  dividing  line  at  "waste"  gas  tem- 
peratures of  about  1,000°C. 

In  addition  to  its  suitability  for  high  velocity  of  gas  flow  without 
superimposing  excessive  resistance  to  the  gas  stream — as  would 
be  set  up  with  a  water-tube  boiler  with  closely  spaced  tubes  and 
many  passes  to  admit  of  intensified  contact  heating — the  fire-tube 
boiler  takes  up  less  space  and  avoids  the  necessity  for  an  outer 
casing,  which  is  very  liable  to  permit  in-leakage  of  air. 

Again,  it  is  much  easier  to  arrange  the  cleaning  of  the  "gas  side" 
of  the  heating  surface  of  a  fire-tube  boiler.  With  respect  to  the 
"water-side"  of  the  tubes,  reasonably  soft  water  is  essential  for 
good  results — a  fact  well  realised  nowadays  in  all  boiler  practice. 


ZUSAMMENFASSUNG 

Brennstofif  wird  in  der  Industrie  zu  verschiedenen  Heizvorgängen  und  zur 
Erzeugung  von  Energie  verwendet.  Ein  Heizvorgang  erfordert  eine  ganz 
bestimmte  Wärmemenge  und  geht  bei  einer  ganz  bestimmten  Temperatur 
vor  sich.  Um  die  für  einen  solchen  Vorgang  erfoiderhche  Wärme  abgeben 
zu  können,  müssen  die  Verbrennungsprodukte  eine  höhere  Temperatur  als 
jene,  bei  der  der  Vorgang  stattfindet,  aufweisen.  Ebenso  werden  die  Ver- 
brennungsprodukte die  Heizzone  mit  einer  Temperatur  verlassen,  die  min- 
destens so  hoch  ist  wie  die  des  behandelten  Materials. 

Die  fühlbare  Wärme  der  die  Heizzone  verlassenden  Verbrennungsprodukte 
stellt  demnach  einen  unvermeidlichen  Überschuss  dar,  der,  sofern  nicht 
besondere  Schritte  zu  seiner  Verwertung  unternommen  werden,  den  Brenn- 
stoffverbrauch bedenklich  belastet.  Je  höher  die  für  einen  Vorgang  benötigte 
Temperatur  ist,  umso  grösser  ist  die  Menge  dieser  Überschusswärme.  Bei 
den  meisten  Heizvorgängen  ist  es  möglich,  einen  grossen  Teil  der  Überschuss- 
wärme so  weitgehend  zu  verwerten,  dass  die  für  diesen  Zweck  angelegten 
Kapitalien  sich  gut  bezahlt  machen. 

Die  Methoden  der  Abwärmeverwertung  lassen  sich  bequem  in  zwei  Gruppen 
scheiden:  erstens  in  solche,  bei  denen  die  wiedergewonnene  Wärme  dem 
gleichen  Vorgang  erneut  zugeführt  wird,  und  zweitens  in  solche,  bei  denen 
sie  in  andern  Vorgängen  mit  einer  tieferen  Temperatur  als  beim  ersten  Vorgang 
Verwendung  findet. 
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Einleitung. — Die  Portlandzementindustrie  Japans  hat  gegen- 
wärtig eine  jährliche  Leistungsfähigkeit  von  A^  =  4  059  000  t 
(à  1  000  kg)  oder  umgerechnet  auf  Fass  von  172  kg  netto:  a^  = 
23  600  000  Fass.  Die  tatsächliche  Erzeugung  im  Geschäftsjahr 
1927  der  Cement  Association  (Semento  Rengokwai),  Dezember 
1926  bis  November  1927,  betrug  A^  =  3  566  000  t  oder  a^  = 
20  730  000  Fass.  Zur  Erzeugung  dieser  Menge  haben  die  gesamten 
Zement fabriken  an  Arbeitsenergie  aufgewendet:  für  die  eigentliche 
Zementfabrikation,  vom  Steinbrecher  bis  zur  Verpackung,  B^  = 
390  X  lO''  kWh  und  ausserdem  für  die  Steinbrüche,  Fassfabri- 
kation, Reparaturwerkstätten  usw.  J5„  =  33  X  10*^  kWh,  somit 
insgesamt  B^-{-  B„=  B  =  423  X  10«  kWh.  Der  Kraftverbrauch 
für  ein  Fass  Zement  beträgt  somit: 

B. 

=  109   kWh/t     oder     18,8   kWh  Tass 


A  2  bezw.  a.^ 
B=B,  +  B^^ 


119  kWh/t    oder    20,4  kWh/Fass 


A  2  bezw.  a^ 

Die  Fabriken,  welche  nur  Qualitätsware  herstellen,  verbrauchen 
sogar  bis  zu  150  kWh/t  oder  25  kWh/Fass. 
Im  August  1927  hat  der  Verein  japanischer  Portlandzementfabri- 
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kanten  die  gleichzeitige  Untersuchung  der  Erzeugnisse  seiner 
sämthchen  Mitglieder — 16  Gesellschaften,  30  Fabriken — durchge- 
führt. Die  Durchschnittswerte  dieser  Versuche  seien  hier 
angeführt: 

Luft-Temperatur  während  der  Versuche  26°C 

Wasser-Temperatur  während  der  Versuche  25,8°C 

Spezifisches  Gewicht  3,142  (geglüht  3,185) 

Abbindung:     Beginn  1  h  59  min 

Ende  3  h  31  min 

Mehlfeinheit— Rückstand  auf  dem  4  900-Sieb  3,9°; 

Zugfestigkeit     1  :  3  Japan.  Normalsand 

1  +  6  Tage  32,7  kg/cm^ 

Druckfestigkeit     1  :  3  Japan.   Normalsand 

1  +  6  Tage  428  kg/cm^ 

I  +  27  Tage  520 

1  _|_  6  +  21  Tage  568 


Druck  nach  Japan.  Normen 
Druck  nach  deutschen  Normen 


etwa  1   :  0,917 


Die  hochwertige  Qualität  der  erzeugten  Ware  hat  den  verhält- 
nismässig hohen  Kraft  bedarf  zur  Folge.  Die  Qualität  des 
Zements  immer  weiter  zu  vervollkommnen,  wird  in  den  japanischen 
Fachkreisen  eifrigst  angestrebt.  Den  Gang  der  Entwickelung 
kann  man  an  einem  Beispiel  der  Onoda  Zementfabrik  verfolgen: 


Durchschnitt  der 

Mehlfeinheit: 

Druckfestigkeit     1  :  3    Mörtel 

Gesamtprü  f  ungs- 

Rückstand 

auf 

in    kg/cm- 

umgerechnet    auf 

resultate    aus 

dem  Sieb 

von 

Freienwalder          Normalsand 

den    Jahren 

4  900  Masche 

n/cm- 

und     Boehmes     Hammer 

v.H. 

1  + 

27    Tage 

1892 

43,4 

1897 

24,8 

1902 

18,6 

110 

1907 

19,4 

200 

1912 

18,5 

210 

1917 

8,1 

287 

1922 

6,0 

302 

1926 

4.1 

447 

1927 

2,1 

536 

Druckfestigkeit 

nach   iapan. 

Normen 

=    1,091 

der    deutschen 

Normen. 
Die  Steigerung  der  Herstellungskosten,  einschliesslich  Verpackung, 
Zinsen  und  Amortisation,  jedoch  ausschliesslich  Dividende  für  das 
Kapital,  steht  in  keinem  Verhältnis  zur  Steigerung    der  QuaHtät. 
Beispielsweise  wird  von  einer  Zementfabrik  mitgeteilt,   dass  die 
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Verhältniszahlen    der    Herstellungskosten,    das     Jahr     1902    mit 
100  eingesetzt,  betragen: 


1902 

100 

1907 

91 

1912 

81 

1917 

87 

1920 

203 

1922 

147 

1926 

106 

1927 

99 

Abhitzeanlagen     kommen     zur 
Einführung 

Dividiert  man  diese    Verhältniszahlen  durch   die  jeweiligen  von 

der  "Bank  of  Japan"   veröffentlichten  Handels-Indexziffern  und 

rechnet  die  erhaltenen  Werte  wieder  um,  das  Jahr  1902  mit  1,00 
eingesetzt,  so  erhält  man  die  folgenden  Vergleichs  wer  te: 

Herstellungskosten  des  Zements 

bezogen  auf  1902 


Jeweilige 

Handelsindexziffer 

1902 

1,00 

1907 

0,67 

1912 

0,59 

1917 

0,43 

1920 

0,59 

1922 

0,55 

1926 

0.43 

1927 

0,42 

-  Abhitzeanlagen     kommen     zur 
j  Einführung. 

Die  Herstellungskosten  des  Portlandzements — auf  den  durch- 
schnittlichen Warenwert  bezogen — haben  sich  demnach  in  den 
letzten  25  Jahren  um  über  die  Hälfte  verringert. 

Wodurch  hat  man  nun  die  grosse  Verbesserung  der  Qualität  des 
Zements  ohne  entsprechende  Steigerung  der  Unkosten  erreicht? 
Eine  der  Ursachen  liegt  in  der  Vervollkommnung  der  Mahlapparate, 
mit  denen  man  eine  bedeutend  feinere  Mahlung  bei  gleichem 
Kraftverbrauch  erzielt.  Eine  andere  nicht  minder  wichtige  Ursache, 
welche  sich  in  den  letzten  7  Jahren  bemerkbar  gemacht  hat,  ist  die 
Verwertung  der  Abhitze  der  Drehöfen,  womit  eine  bedeutende 
Ersparnis  der  Kosten  für  die  Erzeugung  der  Betriebskraft  erreicht 
worden  ist.  Hiermit  kommen  wir  zum  eigentlichen  Gegenstand 
unserer  Besprechung. 

Die  ersten  Abhitze  anlagen. — Das  Onoda-Werk  der  Onoda 
Cement  Co.  hat  sich  schon  1915  mit  dem  Entwurf  einer  Abhitzeanlage 
beschäftigt.  Drei  Dampfkessel  von  233,2  X  3  =  700  m^  Heiz- 
fläche wurden  1917  bei  Wickes  Boiler  Co.,  Saginaw  (Mich.)  bestellt; 
sie  kamen  im  nächsten  Jahre  im  Werke  an.  Durch  den  Weltkrieg 
hat  sich  die  Lieferung  des  Turbogenerators  leider  sehr  verzögert. 
Der  Turbosatz,  500  kW,  coscp  =  0,8,  wurde  erst  1920  geliefert,  und 
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die  Anlage  kam  somit  erst  im  Oktober  1920  in  Betrieb.  Sie  hat 
von  Anfang  an  mit  allerbestem  Erfolg  gearbeitet,  sodass  die  Gesell- 
schaft weitere  4  Abhitzeanlagen  mit  einer  Gesamtleistung  von 
7  860  kW  in  den  Jahren  1922-1924  in  ihrem  Haupt-  und  ihren 
Tochterwerken  in  Betrieb  genommen  hat. 

Fast  zur  gleichen  Zeit  hat  die  Asano  Cement  Co.  mit  der  Einfüh- 
rung der  Abhitzeverwertung  angefangen.  Als  ihre  ersten  Anlagen 
kamen  im  August  1921  die  des  Taiwan- Werks  mit  Kessel  von  635 
m^  Gesamtheizfläche  und  Turbogenerator  von  500  kW  Normal- 
leistung und  im  März  1922  die  des  Kawasaki- Werks  mit  Kesseln  von 
2  631  m^  Heizfläche  und  Turbogenerator  von  2  000  kW  Leistung 
in  Betrieb.  Dieselbe  Gesellschaft  hat  dann  in  den  folgenden  Jahren 
noch  weitere  6  Abhitzeanlagen  in  ihren  6  Werken  in  Betrieb  genom- 
men und  verfügt  gegenwärtig  insgesamt  über  23  000  kW  Turbo- 
generator-Leistung. 

Die  Hokoku  Cement  Co.  und  die  Oita  Cement  Co.  haben  ebenfalls 
bereits  1923  Generatoren  von  1  500  bezw.  1  250  kW  Leistung 
durch  den  Dampf  aus  den  durch  die  abziehenden  Ofengase  geheizten 
Abhitzekesseln  betrieben. 

Die  weiteren  Extwickelungen  und  der  gegenwärtige 
Stand. — Von  den  bereits  erwähnten,  zu  den  16  Gesellschaften 
gehörenden  30  Werken  besitzen  18  Werke  Ende  1927  Abhitze- 
Kraftanlagen  von  insgesamt 

43  Kesseln  mit  32  544  m^  Heizfläche  und 

29  Turbogeneratoren  von  54  410  kW  Normalleistung. 

Diese  Werke  gehören  zu  den  grösseren  und  haben  eine  jährliche 
Leistungsfähigkeit  von  3  285  000  t  oder  19  100  000  Fass.  Ihre 
tatsächliche  Erzeugung  stellte  sich  im  Jahre  1927  auf  2  962  00  t 
oder  17  220  000  Fass,  somit  auf  etwa  81%  bezw.  83%  der  gesamten 
Produktion  der  japanischen  Zementfabriken. 
Nachstehende  Zusammenstellung  zeigt,  wie  die  Abhitzeanlagen 
zugenommen  haben.  Am  Ende  der  einzelnen  Jahre  waren  im 
Betriebe: 

(kW) 


Kessel  (m«) 

Turbogeneratoren 

1920 

700 

500 

1921 

1  335 

1  000 

1922 

5  241 

6  100 

1923 

11  824 

16  700 

1924 

23  056 

37  800 

1925 

25  199 

41  860 

1926 

29  273 

46  660 

1927 

32  544 

54  410 
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Weiter  sind  im  Bau  bezw.  kommen   in  kürzester  Zeit  in  Betrieb 

5  Kessel  mit  3  908  m-  Heizfläche  und 

2  Turbogeneratoren  mit  7  000  kW  Normalleistung. 

Ausserdem  sind  3  neue  Werke  in  Bau,  welche  über 

5  Kessel  mit  4  389  m-  Heizfläche  und 

3  Turbogeneratoren  von  10  700  kW  Normalleistung  verfügen 
werden. 

Somit  werden  in  der  allernächsten  Zeit  in  den  japanischen  Zement- 
fabriken 

53  Kessel  mit  40  841  m^  Heizfläche  und 

34    Turbogeneratoren     mit    72  110    kW    Normalleistung    für 
Abhitzeverwertung  im  Betriebe  sein. 

Die  jährliche  Ersparnis  an  Kohle  erreicht  bereits  mindestens 
J  Million  Tonnen,  entsprechend  5  Millionen  Yen.  Dieser  Ersparnis 
stehen  die  gegenwärtigen  Anlagekosten  für  Kessel  und  Turbo- 
sätze gegenüber,  welche  man  auf  12^  Millionen  Yen  schätzt,  sie 
werden  durch  die  in  Bau  befindlichen  Anlagen  auf  17  Millionen  Yen 
steigen,  und  wird  durch  diese  Neuanlagen  eine  weitere  entsprechende 
Brennmaterial-Ersparnis  erzielt  werden. 

Nach  den  Berichten  des  Bureau  of  Mines  U.S.A.  waren  Ende  1925 
in  den  Vereinigten  Staaten  nur  in  42  Zementwerken  (also  etwa  30%) 
Abhitzeanlagen  vorhanden  mit  insgesamt  1 10  000  m^  Dampfkessel. 

Vergleicht  man  diese  allerdings  aus  dem  Jahre  1925  stammenden 
Zahlen  mit  den  oben  erwähnten  Angaben  aus  der  japanischen 
Zementindustrie  und  berücksichtigt  man  zugleich,  dass  die  Jahres- 
produktion beider  Länder  etwa  im  Verhältnis  von  8  :  1  steht,  so 
ersieht  man,  dass  die  Zementindustrie  Japans  auf  die  Ausnutzung  der 
Abhitze  den  grössten  Wert  gelegt  hat. 

Technische  Betrachtungen. — Unter  den  Kesseltypen  herrschen 
Edge  Moor  und  Babcock- Wilcox  vor,  jedoch  findet  man  vereinzelt 
Wickes,  Heine,  Erie  City  u.a. 

Die  z.Zt.  bestehenden  Anlagen  sind  teilweise  so  ausgeführt,  dass 
die  Züge  von  mehreren  Oefen  in  einen  gemeinsamen  Abzugskanal 
münden,  aus  dem  wieder  Abzweigungen  nach  den  einzelnen  Kesseln 
führen.  Teilweise  hat  man  auch  jeden  einzelnen  Ofen  mit  je  einem 
zugehörigen  Kessel  versehen.  Die  erste  Anordnung  hat  den 
Vorteil,  dass  Reserve-Kessel  vorgesehen  und  einzelne  Kessel 
gleichmässig  belastet  werden  können,  zugleich  aber  den  Nachteil, 
dass  sie  viele  Regulier-  und  Abschluss-Schieber  benötigt,  welche 
sich  nicht   immer  in  gutem  Zustand  halten  lassen.     Die   neuere 
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Anordnung  zieht  daher  das  "Ein  Ofen-Ein  Kesser'-System  vor  und 
speist  den  Kessel  mit  dem  Turbinen-Kondensat,  und  ausserdem  mit 
besonders  bereitetem  destiUiertem  Wasser.  Da  bei  Abhitzekesseln 
häufig,  und  zwar  wenn  der  Ofen  im  vollen  Gange,  die  Turbine 
dagegen  nicht  genügend  belastet  ist,  frischer  Dampf  verloren  geht, 
so  ist  auf  die  Zuführung  von  entsprechendem  Speisewasser  beson- 
ders zu  achten. 

Die  Temperatur  der  Ofen-Abgase  ist  starken  Schwankungen 
unterworfen.  Man  hat  z.B.  in  einem  Betriebe  beobachtet, 
dass  diese  an  der  Uebertrittsstelle  vom  oberen  Ofenende  zum 
Abzugskanal  während  eines  Tages  zwischen  895°  und  1  010°C 
schwankte.  Dasselbe  Abgas,  am  Eintritt  in  die  Kessel  gemessen, 
zeigte  Temperaturen  von  650°  bis  820°C.  Der  durchschnittliche 
Abfall  der  Temperatur  beträgt  214°C,  verursacht  durch  den 
Zutritt  frischer  Luft  durch  die  Spalten  der  Absperrschieber, 
der  Schaulöcher  u.s.w.  Das  Mauerwerk  des  Kanals  selbst  ist 
vollständig  mit  Eisenblech  umkleidet,  um  allen  Undichtigkeiten 
möglichst  vorzubeugen. 

Die  Ermittlungen  einer  anderen  Zementfabrik  ergaben  für  die 
Temperaturen  und  die  Zusammensetzung  der  Abgase  folgende 
Zahlen: 


Kesseleintritt 

(a)  November  1926        Oekonomizeraustritt 

Schornstein 

Oberes  Ofenende 
Kesseleintritt 

(b)  März    1927  Oekonomizeraustritt 

Schornstein 

Im  Falle  (a)  wurden  durchschnittlich  pro  Stunde  2  056  kW,  im  Falle 
(b)  dagegen  2  425  kW  gewonnen;  die  betreffende  Fabrik  sieht  die 
Hauptursache  dieses  Unterschiedes  lediglich  in  der  besser  durchge- 
führten Abdichtung  aller  undichten  Stellen,  durch  die  falsche  Luft 
eintreten  konnte. 

Ein  weiterer  wichtiger  Punkt  ist  die  Ueberhitzung.  Der  Gang 
des  Ofens  ist  Schwankungen  unterworfen  und  damit  auch  die  in 
den  Kessel  eintretende  Gasmengen  und  deren  Temperaturen. 
In  einigen  Anlagen  sind  die  Ueberhitzer  zwischen  oder  sogar  unter 
den  Wasserrohr-Bündeln,  also  niedriger  als  in  den  Kesseln  normaler 
Bauart,  eingebaut  worden.  Unter  Umständen  kann  jedoch  die 
Ueberhitzung  auch  zu  weit  gehen,  zumal  wenn  die  Flugstaub- 
Anhäufung  über  den  Ueberhitzerrohren  zu  gross  wird,  was  schon 
häufig  zum  Durchbrennen  der  Ueberhitzer  geführt  hat. 
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Gastemperatur 

Gasanah 

se 

CO2 

0^ 

;ht  beobachtet 

21,3 

4,0 

599X 

13,4 

10,9 

nicht  beobachtet 

159°C 

9,9 

13,5 

878°C 

25,5 

1,9 

723'C 

16,2 

7,6 

204°C 

14,3 

9,8 

nicht  beobachtet 
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Im  allgemeinen  lässt  sich  die  Anhäufung  des  Flugstaubes  auf 
den  Wasser-  und  Ueberhitzerrohren  durch  zweckmässige  Verwen- 
dung von  Diamant-Bläsern  vermeiden,  unter  der  Bedingung,  dass 
die  Temperatur  nicht  zu  hoch  getrieben  wird,  da  sonst  der  Flugstaub 
zwischen  den  Rohren  festbrennt. 

Die  Frage,  ob  man  die  Staubabscheidung  zwischen  dem  Ofen  und 
dem  Kessel  oder  hinter  dem  Kessel  einrichten  soll,  bedarf  noch 
eingehender  Untersuchungen.  Die  zuerst  genannte  Einrichtung 
führt  die  Abgase  staubfreier  in  die  Kessel,  die  Temperatur  wird 
jedoch  durch  den  unvermeidlich  grösseren  Zutritt  von  falscher 
Luft  viel  niedriger. 

Die  Erfahrungen  einiger  Betriebe  haben  übereinstimmend  gezeigt, 
dass  die  Abhitzeanlagen  am  zweckmässigsten  in  gewissen  Zeitab- 
ständen, beispielsweise  alle  2  Monate  einmal,  ganz  abzustellen  und 
einer  eingehenden  Reinigung  von  Flugstaub  zu  unterwerfen  sind. 
Dadurch  erreicht  man  einen  besseren,  regelmässigen  Gang  des 
Ofens  und  der  Kessel. 

Schlussbemerkung. — Der  Verfasser  hat  im  Vorstehenden  ge- 
schildert, wie  die  Abhitze  der  Dreh-Brennöfen  in  der  japanischen 
Portlandzementindustrie  gegenwärtig  ausgenützt  wird,  um  die 
Gestehungskosten  zu  verringern.  Weiter  sind  einige  technische 
Gesichtspunkte  erörtert  worden.  Zum  Schluss  muss  noch  bemerkt 
werden,  dass  die  Vermehrung  der  Abhitze  an  sich  nicht  das 
Erstrebenswerte  sein  soll.  Es  muss  stets  dahin  gestrebt  werden, 
den  Brennprozess  so  zu  vervollkommnen,  dass  möglichst  wenig 
Abhitze  den  Ofen  verlässt,  und  nur  die  dennoch  unvermeidlich 
abgehende  Wärme  durch  sorgfältigst  ausgearbeitete  Anlagen 
nutzbar  gemacht  wird. 


RÉSUMÉ 

The  Japanese  cernent  industry  shows  a  remarkable  progress  in  the  production 
of  high  quality  cement,  along  with  steadily  decreasing  cost  of  milling.  The 
reduction  is  due,  in  the  first  place,  to  improved  mill  plant  equipment,  which 
enables  the  industry  to  obtain  finer  grades  of  grinding  of  the  raw  materials 
and  the  clinker  at  a  much  lower  cost.  The  utilisation  of  the  waste  heat  from 
the  cement  kilns  has  further  contributed  in  reducing  the  cost  of  manufacture. 

There  are  thirty  cement  works  in  Japan,  of  which  eighteen,  representing 
over  80  per  cent,  of  the  total  production,  are  provided  with  waste  heat 
recovery  plants.  At  the  end  of  1927  there  were  the  following  plants  in 
operation: — 

Forty-three  waste  heat  boilers  with  a  total  heating  surface  of  32,544  sq.  m. 
Twenty-nine  turbo-generators  with  a  total  normal  output  of  54,410  kW. 
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The  resultant  economy  of  power  generation  effected  during  1927  by  these 
waste  heat  recovery  plants  amounted  to  500,000  metric  tons  of  coal,  or  to  an 
equivalent  value  of  5,000,000  yen.  At  the  present  time  further  plants  are 
being  installed,  so  that  in  the  near  future  hfty-three  waste  heat  boilers  with 
a  total  heating  surface  of  40,841  sq.  m.,  and  thirty-nine  turbo  generators 
with  a  normal  capacity  of  72,210  kW.,  will  be  in  operation. 

These  figures  compare  very  favourably  with  those  of  the  U.S.A.,  published 
by  the  Bureau  of  Mines  in  The  Cement  Industry  of  the  U.S. A .  in  1925.  Accord- 
ing to  this  report  only  forty-two  cement  works  in  the  U.S.A.  are  provided 
with  waste  heat  boilers,  with  a  total  heating  surface  of  1 10,000  sq.  m.,  out  of  a 
total  number  of  1 38  cement  works  manufacturing  about  eight  times  the  amount 
produced  in  Japan. 

There  are  a  number  of  items  which  require  special  attention  in  the  design  of 
waste  heat  recovery  plants.  Of  vital  importance  is  the  elimination  of  air 
infiltration  into  the  waste  gas  flues;  the  latter,  as  well  as  the  boilers,  should  be 
steel-encased  and  made  air-tight  as  far  as  possible.  Although  the  utilisation 
of  the  waste  heat  from  the  rotary  cement  kilns  has  reduced  the  cost  of  manu- 
facture to  a  large  extent,  it  must  be  borne  in  mind  that  waste  heat  recovery 
must  synchronise  with  kiln  efficiency.  The  thermal  efficiency  of  the  burning 
process  must  be  improved  to  its  lowest  possible  fuel  consumption,  and  any 
utilisation  of  surplus  heat  should  only  be  attempted  after  having  reached  the 
highest  degree  of  efficiency  in  the  burning  process  itself. 
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"WASTE"   HEAT   RECOVERY 

F .     S  .     TO  WNEND 

The  two  papers  comprising  Section  P  are  dealt  with  in  this  General 
Report,  namely: — 

(a)  "Waste"   Heat   Recovery   (Great   Britain),   by  F.   J.   Bailey, 

Major  W.  Gregson  and  J.  W.  Reber  (PI). 
{b)   "Waste"   Heat  Recovery  in  the  Japanese  Cement   Industry 

(Japan),  by  Dr.  S.  Kasai  (P2). 

The  changed  attitude  to  what  has  hitherto  been  known  as  "waste" 
heat  is  to  be  noted  in  the  paper  by  Messrs.  Bailey,  Gregson  and 
Reber  (PI),  in  which  "waste"  heat  is  considered  in  the  sense  of 
surplus  heat  which  is  available  for  any  suitable  useful  purpose. 

In  discussing  the  principles  of  "waste"  heat  recovery  it  is  postulated 
that  the  heat  in  the  combustion  gases,  leaving  the  actual  heating 
zone,  must  be  the  minimum  consistent  with  the  best  operation  of 
the  heating  process.  In  their  own  words,  "it  is  taken  as  axiomatic 
that  the  surplus  heat  recovery  is  not  practised  to  cover  up  defects 
in  the  operation."  This  same  point  is  emphasised  by  Dr.  Kasai  in 
his  paper  P2. 

The  two  main  methods  of  "waste"  heat  recovery,  namely,  pre- 
heating of  combustion  gas  or  air  and  steam  raising,  are  dealt  with. 
It  is  pointed  out  that  in  processes  using  high  calorific  fuel  gas,  the 
air  required  for  combustion  is  sufficient  to  take  up  the  bulk  of  the 
heat  in  the  "waste"  gases,  but  with  a  low  calorific  heating  gas  only 
about  one  half  of  the  heat  can  be  absorbed  by  the  air,  the  remainder 
being  available  for  steam  raising.  Attention  is  called  to  the  fact 
that  even  in  this  latter  case  it  is  often  assumed  that  because  a  low 
outlet  temperature,  say,  of  300°C.,  is  registered,  no  further  heat 
can  be  recovered.  It  is  stated  that  invariably  in  such  cases  the 
low  temperature  is  due  to  air  infiltration,  and  it  is  interesting  to  note 
that  in  the  paper  P2  it  has  been  found  that  preventing  air  infiltra- 
tion by  encasing  the  ends  of  the  cement  kilns  has  permitted  further 
heat  recovery  to  be  attained. 
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5  In  the  detailed  consideration  of  the  preheating  of  air  by  recupera- 
tors mention  is  made  of  metal  recuperators.  For  low  temperature 
work  they  have  been  largely  adopted,  but  whilst  various  special 
metals  have  been  discovered  which  will  withstand  high  tempera- 
tures they  are  found  to  have  a  high  initial  cost  for  recuperator  work, 
and,  unfortunately,  in  general,  deteriorate  rapidly  when  in  contact 
with  "waste"  gases  containing  sulphur  compounds.  Nevertheless, 
there  is  no  question  that  there  is  considerable  need  for  a  metal 
recuperator  which  will  withstand  the  effect  of  high  temperature 
sulphur  containing  "waste"  gases. 

6  In  the  section  of  paper  PI  deaUng  with  "waste"  heat  boiler 
applications,  considerable  data  are  given  showing  the  amounts  of 
steam  which  can  and  are  being  obtained  from  "waste"  heat  boilers 
applied  to  a  number  of  well-known  industrial  heating  processes. 
It  is  stated,  for  instance,  that  in  a  steel  works  it  is  practicable  to 
raise  3,000  lb.  of  steam  (or  about  200  H.P.)  per  ton  of  finished  steel 
from  the  "waste"  heat  from  open-hearth  furnaces,  soaking  pits 
and  reheating  furnaces. 

7  There  has  been,  of  recent  years  in  Great  Britain,  a  rapid  dev^elop- 
ment  of  the  practice  of  steam  raising  from  the  "waste"  gases  of  the 
carbonising  plants  on  gas  works.  In  fact,  it  is  recognised  that 
where  there  is  a  demand  for  steam,  steam  raising  is  the  cheapest 
form  of  "waste"  heat  recovery  on  continuous  vertical  carbonising 
plants,  and  the  practice  of  preheating  air  has  largely  been  abandoned. 

8  In  connection  with  the  recovery  of  heat  in  the  form  of  steam  from 
the  exhaust  gases  of  marine  oil  engines  it  is  suggested  that  the 
steam  should  be  used  for  operating  a  steam-driven  generating  set, 
the  exhaust  steam  being  used  for  accommodation  heating, 
cooking,  etc. 

9  A  distinction  is  made  when  considering  which  t}'pe  of  boiler — 
water  tube  or  fire  tube — is  most  suitable  for  "waste"  heat  recovery. 
The  distinction  depends  on  the  temperature  of  the  gases.  If  above 
about  1,000°C.,  a  considerable  proportion  of  the  heat  can  be  trans- 
mitted to  the  boiler  by  radiation  and  the  water-tube  type  of  boiler 
is  suitable.  With  gases  of  lower  temperature,  physical  contact 
of  the  gases  with  the  boiler  heating  surface  is  essential,  and  in  this 
case  "the  fire-tube  boiler  holds  an  unchallengeable  field." 

■^°     According  to  Dr.  Kasai,  the  Japanese  cement  manufacturers  have 
adopted  the  use  of  "waste"  heat  boilers  to  a  verj'  considerable 
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degree.  In  eighteen  of  the  thirty  cement  works  in  Japan,  repre- 
senting 80  per  cent,  of  the  total  production,  the  normal  output  of 
electricity  from  "waste"  heat  steam  is  54,110  kW.,  equivalent  to 
a  saving  of  500,000  metric  tons  of  coal  per  \'ear. 

II  In  conclusion,  the  value  of  such  an  organisation  as  the  World 
Power  Conference  in  making  available  the  accumulated  knowledge 
of  individual  concerns  which  in  the  ordinary  way  may  be  competing 
with  each  other,  is  well  illustrated  by  the  paper  on  "Waste"  Heat 
Recovery,  by  Messrs.  Bailey,  Gregson  and  Reber  (P.l).  These 
gentlemen  have  contributed  the  technical  knowledge  on  "waste" 
heat  recovery  possessed  by  the  National  Federation  of  Iron  and 
Steel  Manufacturers,  Messrs.  Spencer-Bonecourt,  Ltd.  and  the 
Woodall-Duckham  Companies  respectively,  and  it  is  safe  to  say 
that  the  authoritative  and  exhaustive  information  as  to  "waste" 
heat  recovery,  especially  by  steam  raising,  could  not  have  been 
made  available  to  the  fuel  industries  of  the  world  except  under  the 
aegis  of  such  a  Conference  as  this. 
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WEDNESDAY,    OCTOBER   3    (MORNING) 

Section  P 
"WASTE"  HEAT  RECOVERY 

Chairman — Dr.  C.  Matschoss 

As  the  proceedings  of  Section  P  followed  immediately  upon  those 
of  Section  O,  there  were  no  opening  remarks  by  the  Chairman. 

Mr.  F.  S.  Townend  (General  Reporter)  presented  his  General 
Report. 

Mr.  E.  C.  Evans  (Vice-Chairman,  Great  Britain),  opening  the  dis- 
cussion, said  that  the  authors  of  the  papers  had  at  the  outset  struck 
the  right  note  in  pointing  out  that  they  were  considering,  not  "waste" 
heat,  but  "surplus"  heat.  Not  very  long  ago  large  sources  of  heat 
and  energy  were  regarded  as  waste  heat.  In  a  law  suit  in  London 
about  a  year  ago,  blast  furnace  gas  was  discussed  as  waste  heat, 
whereas  blast  furnace  gas  in  the  iron  and  steel  industries  of  the  world 
to-day  was  a  most  important  item  on  the  cost  sheet.  There  were 
still  surplus  heat  coke  ovens  operating  in  this  country,  in  which  the 
surplus  heat  was  utilised  more  or  less  inefficiently  for  steam-raising 
purposes,  but  it  was  in  the  iron  and  steel  industry  that  the  greatest 
potential  source  of  surplus  heat  existed.  Owing  to  the  high  tempera- 
tures of  metallurgical  processes,  the  gases  leaving  the  various  furnaces 
involved  were  at  such  a  high  temperature  that  the  fuUest  extraction 
of  the  heat  units  contained  in  them  was  extremely  dililicult,  and  in 
his  view  one  of  the  first  problems  to  be  dealt  with  in  surplus  heat 
recovery  was  that  of  improving  the  means  available  for  extracting 
the  heat  from  the  gases. 

There  was  room  for  enormous  improvement  in  regenerator 
design  and  in  efficiency  in  high  temperature  practice.  The 
questions  involved  were,  first,  the  dimensions  of  the  regenerator 
chambers;  secondly,  the  character  of  the  materials  used,  the  shape 
and  dimensions  of  the  checker  bricks  and  the  methods  by  which 
they  were  built  up;  and  thirdly,  the  design  of  the  regenerator 
chamber  itself.  In  open  hearth  practice,  for  example,  in  a  number  of 
producing  areas  in  this  country,  we  suffered  serious  disadvantages 
from  the  fact  that  it  was  impossible  to  build  regenerators  of  substan- 
tial height.  On  the  Continent  he  had  seen  a  regenerator  for  an 
open  hearth  furnace,  30  ft.  high,  and  that  regenerator  allowed  of  the 
heating  of  the  air  and  producer  gas  to  a  temperature  of  I,500^C. 
before  it  entered  the  open  hearth  furnace,  thus  allowing  of  extremely 
rapid  working.  In  very  few  cases  in  this  country,  however,  was  it 
possible  to  obtain  a  height  sufiicient  to  aUow  an  inlet  air  temperature 
of  much  above  1 ,  150  or  1 ,250^C.  Thus,  the  question  to  be  considered 
in  Great  Britain  was  that  of  providing  the  most  suitable  type  of 
regenerator.  The  possibilities  of  improved  regenerator  filling  were 
indicated  by  results  which  had  been  obtained  in  blast  furnace  stove 
practice.  Not  many  years  ago  the  average  consumption  of  blast 
furnace  gas  in  Cowper  stoves  was  in  the  neighbourhood  of  40  per 
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cent,  of  the  total.  By  improved  methods  of  filhng  it  had  been  found 
possible  to  reduce  it  from  40  to  25  per  cent.,  and  to  increase  the 
efficiency  of  the  stove  per  se  from  70  to  nearly  85  per  cent.  It  was 
after  these  problems  of  regenerator  or  recuperator  efficiency  had 
been  solved  that  the  problem  of  heat  recovery  by  waste  heat  boilers 
had  to  be  faced,  and  already  very  substantial  economies  had  been 
reported  from  a  number  of  works  in  this  country.  The  waste  heat 
boiler  would  alwa\'S  be  necessary  in  some  processes,  as,  whatever 
type  of  regenerator  was  used,  there  would  still  be  surplus  heat 
available  in  the  outgoing  gases,  and  the  boiler  as  such  had  already 
proved  its  value  in  a  very  large  number  of  cases. 

Mr.  F.  S.  Townend  (General  Reporter)  said  it  was  desired  to  insert 
the  words  "Taking  a  typical  example"  immediately  in  front  of  the 
fourth  paragraph  of  page  12  of  paper  PI ,  because  these  words  would 
make  the  position  more  clear  and  might  prevent  unnecessary  dis- 
cussion on  the  details  of  the  figures  which  followed. 

Mr.  W.  J.  Williams  (U.S.A.)  said  he  thought  one  of  the  greatest 
fields  of  usefulness  for  the  engineer  of  to-day  should  be  along  the 
lines  of  economy,  endeavouring  to  make  two  blades  of  grass  grow 
when  only  one  had  grown  before.  A  number  of  years  ago,  in  looking 
over  the  field  where  large  econom'ts  could  be  effected,  the  Edge 
Moor  Iron  Co.,  of  Edge  Moor,  Delaware,  U.S.A.,  saw  the  great 
possibilities  of  fuel  saving  by  utilising  the  waste  gases  that  were  being 
discharged  into  the  atmosphere  from  various  manufacturing 
processes,  making  steam  with  the  hot  gases  and  using  this  steam  for 
power  purposes.  After  looking  over  the  field  carefully,  they  decided 
that  the  cement  industry  provided  wonderful  opportunities,  and 
in  conjunction  with  the  late  Mr.  John  E.  Bell,  a  boiler  unit  was 
designed  and  patented  consisting  of  a  water  tube  boiler,  super- 
heater, économiser  and  fan,  and  also  a  system  of  flue  arrangements, 
whereby  the  hot  gases  were  taken  from  the  end  of  the  kilns,  put 
through  the  boiler  unit  and  discharged  to  the  atmosphere  at  about 
350°F.  (177°C.).  The  units  were  designed  to  meet  the  conditions, 
of  course,  using  a  different  sized  unit  for  varying  temperatures  and 
capacities,  and  according  to  whether  it  was  a  wet  or  dry  process. 
On  some  plants  the  temperatures  were  as  high  as  1,800^F.  (982°C.). 
That  his  Company  had  been  successful  was  best  attested  by  the  fact 
that  the  following  plants  had  been  sold  and  installed  in  various 
■countries  : — 


34  plants       110  boilers 

in  the  United  States. 

13       , 
2       , 

19 
2 

in  Japan, 
in  France. 

2       , 

2 
1 
3 
4 

in  Spain, 
in  Italy, 
in  Argentine, 
in  Cuba. 

1 

in  AustraHa. 

'       ' 

2 

in  the  Phihppine  Islands 

156       , 

144 
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There  was  a  total  heating  surface  of  about    1 ,500,000   square   feet. 

All  the  plants  installed  had  shown  remarkable  economies.  In  one 
plant  that  he  recaUed,  the  total  coal  used  per  barrel  of  cement 
was  reduced  from  205  lb.  per  barrel  to  120  lb.  per  barrel  and 
the  capacity  of  the  plant  was  increased  from  5,800  barrels  per 
day  (966  EngUsh  tons)  to  7,800  barrels  (1,300  Enghsh  tons)  per 
day  on  the  same  number  and  size  of  kilns.  Hence  it  was 
realised  the  economies  that  were  possible.  While  the  installations 
were  rather  expensive  they  had  never  failed  to  pay  for  themselves  in 
less  than  three  years  and  there  were  instances  where  the  plant  had 
paid  for  itself  in  less  than  one  year.  In  other  words,  a  return  of 
from  33^  per  cent,  to  100  per  cent,  per  year  on  the  capital  expendi- 
ture. They  had  never  yet  failed  to  secure  all  the  steam  necessary 
to  operate  the  entire  mill,  whether  the  wet  or  the  dry  process  was  used, 
and  in  some  of  the  modern  mills  they  were  operating  the  quarry 
also,  using  electric  shovels.  In  practically  all  the  modern  plants 
where  economical  prime  movers  were  used,  there  was  excess  steam 
and  power.  If  the  raw  feed  water  was  bad,  part  of  the  excess  steam 
was  used  for  evaporators,  and  perhaps  part  of  the  excess  electricity 
sold  to  the  pubhc  utilities.  Mr.  Paul  C.  Van  Zandt,  an  international 
engineer,  who  had  built  plants  in  a  number  of  countries,  published 
an  article  in  a  recent  issue  of  "Power,"  in  which  he  stated  that  the 
average  plant  load  was  3,612  kW.,  and  the  average  production  of 
power  in  the  waste  heat  plant  was  4,400  kW.,  the  surplus  being  sold 
to  the  public  service  company.  Considering  this  on  a  very  conserva- 
tive basis,  it  would  amount  to  from  $15,000  to  $18,000  a  year  which 
they  would  receive  from  the  public  service  company  in  addition 
to  getting  aU  the  power  to  operate  the  mill  for  no  expense  for  fuel. 
There  were  numerous  other  mills  that  were  doing  the  same  thing, 
although  he  believed  in  Mr.  Van  Zandt' s  case  they  were  selling  more 
excess  power  than  any  other  plant  he  could  recall.  A  number  of 
years  ago  Mr.  McKelvey,  President  of  the  Portland  Cement  Associa- 
tion in  America,  read  a  paper  before  that  Association  showing 
how  it  was  possible  to  save  2,000,000  tons  of  coal  per  year  in  the 
cement  industry  alone.  Since  the  publication  of  this  paper,  there 
had  been  a  great  many  plants  installed,  with  a  saving  of  a  very 
large  amount.  In  all  the  plants  that  had  been  installed,  they  had 
been  able  to  increase  the  output  of  the  mill  from  15  per  cent,  to  as 
high  as  33  per  cent.,  and  also  to  reduce  the  coal  used  per  barrel  of 
cement  burned,  due  to  the  fact  that  through  mechanical  control  of 
the  draught,  it  was  possible  to  secure  better  combustion. 

Another  of  the  problems  they  had  helped  to  solve  was  the  dust 
problem.  The  elimination  of  the  dust  was  getting  to  be  more 
necessary  and  everything  was  being  done  to  assist  in  doing  this. 
Due  to  the  installation  of  the  main  collecting  flue,  and  the  number  of 
passes  in  the  boilers,  they  collected  in  the  apparatus  that  was 
supplied  about  40  per  cent,  of  the  dust,  besides  cooling  the  gases  to  a 
point  where  they  could  be  better  handled  by  the  Cottrell  system  or 
centrifugal  dust  collector,  or  any  other  system.  On  one  of  the 
installations  that  was  being  made  at  present,  they  were  using  the 
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Sirocco  collectors  made  by  the  American  Blower  Co.,  of  Detroit, 
under  an  English  patent  and  with  the  assistance  of  a  very  large 
high  stack,  it  was  expected  to  collect  at  least  90  per  cent,  of  the  dust 
from  a  dry  plant  which  would  amount  to  117  tons  a  day  from  a 
production  of  about  4,500  barrels  per  day.  This  dust  was  put  back 
into  the  raw  mix  and  represented  a  further  considerable  saving. 
When  it  was  reahsed  that  of  the  total  heat  supplied  to  the  ordinary 
dry  cement  kiln,  only  27  per  cent,  was  used  for  burning,  9  per  cent, 
was  carried  away  in  the  hot  clinker,  17  per  cent,  was  lost  in  radia- 
tion and  47  per  cent,  was  carried  away  in  waste  gases,  it  could  be 
appreciated  what  a  wonderful  opportunity  there  was  for  an  economi- 
cal showing  in  harnessing  these  waste  gases  and  making  them  do 
useful  work. 

Mr.  Tansley  (Great  Britain),  referring  to  the  suitabihty  of  metals 
for  the  transmission  of  heat,  said  it  was  well  known  that  there  had 
been  many  trials  carried  out  in  connection  with  the  production  of 
steel  to  resist  increasingly  high  temperatures,  but  he  did  not  think 
it  was  generally  known  that  the  British  Cast  Iron  Research  Associa- 
tion had,  during  the  past  few  years,  made  many  experiments  with 
the  object  of  producing  a  cast  iron  to  resist  extremely  high  tempera- 
tures. He  beheved  his  firm,  which  had  been  closely  associated  with 
the  Research  Association,  had  at  last  succeeded  in  producing  a 
cast  iron  which  was  capable  of  resisting  temperatures  approaching 
1,800'F.  Also,  during  the  past  two  years  they  had  had  in  operation 
an  experimental  air  heater,  direct  fired  by  means  of  waste  producer 
gas,  mixed  with  town's  gas;  the  air  heater  had  withstood  very 
successfully  for  many  months  the  high  temperatures  attained. 
These  temperatures  were  not  actually  measured  by  a  pyrometer 
but  it  was  noticed  that  the  heater  itself  at  the  hot  end  or  at  the 
gas  entry  end  was  bright  red  during  the  whole  of  the  time  the 
heater  was  in  commission.  The  authors  had  suggested  that  the 
most  suitable  material  for  the  regeneration  process  was  refractory 
material.  He  suggested  that  refractory  materials  be  used  for  the 
higher  temperatures,  and  that  for  the  lower  temperatures  metal 
should  be  substituted.  Although  metal  might  not  be  so  good  as 
refractory  material  for  resisting  temperature,  it  did  enable  one  to 
accommodate  a  very  much  larger  amount  of  heating  surface  in  a 
given  space.  With  regard  to  feed  water  heating,  he  had  noticed 
that  in  the  papers  a  figure  of  230°C.  was  mentioned  as  being  the 
lowest  limit  to  which  the  temperature  of  the  gases  could  be  reduced 
when  leaving  the  boilers,  presumably  on  account  of  wastage  and 
the  high  capital  cost  of  supplying,  say,  économiser  surface  or  extra 
boiler  surface  sufficient  to  reduce  the  temperature  of  the  gases  to, 
say,  150X.  During  the  past  few  years,  however,  it  had  been  the 
practice  to  pass  the  gases  through  economisers  and  boilers  at  very 
much  higher  velocities  than  hitherto,  with  the  result  that  a  given 
duty  could  be  obtained  for  a  capital  outlay  of  probably  less  than 
half  as  much  as  might  have  been  necessary  ten  years  ago.  Therefore, 
he  believed  it  would  be  possible  to  reduce  the  temperature  of  the 
gases  to  something  like  120°C. 
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It  was,  of  course,  well  known  that  coke  oven  gases  had  a  high 
moisture  content,  and  contain  d  a  much  larger  percentage  of  sulphur 
compound  than  ordinary  boiler  flue  gases,  and  that  consequently  the 
dew  point  temperature  was  necessarily  very  high  and  unless  proper 
precautions  were  taken,  corrosion  very  rapid. 

It  was  not  so  generally  realised,  however,  that  provided  the 
temperature  of  the  water  content  of  either  an  économiser  or  a  boiler 
was  kept  at  a  few  degrees  higher  than  the  dew  point  temperature 
of  the  gases,  there  would  be  no  condensation,  and  the  conditions 
being  drv  in  the  économiser  chamber,  there  would  be  no  wastage. 

If  rapid  wastage  had  been  experienced  there  was  no  doubt  that  the 
temperature  of  the  feed  water  had  been  lower  than  the  dew  point 
temperature  of  the  gases,  and  in  all  similar  cases  at  the  present  time 
water  was  drawn  from  the  hot  end  of  the  économiser  and  mixed  with 
the  water  entering  the  économiser,  therebv  bringing  the  inlet 
temperature  to  a  point  higher  than  the  dew  point  temperature  of 
the  gases. 

This  could  be  achieved  quite  inexpensively,  either  by  means  of 
the  now  well  known  injector  circulator,  or  by  the  more  positive 
method  of  utilising  a  small  bore  centrifugal  circulating  pump 
speciallv  designed  to  withstand  the  boiler  pressure  both  on  the  inlet 
side  and  on  the  delivery  side.  The  power  expended  was  necessarily 
verv  small  indeed,  in  fact  we  s  almost  negligible. 

With  regard  to  waste  heat  boilers,  the  speaker  said  that  they  were 
of  two  kinds.  The  first  were  those  in  which  the  gas  was  burned  in 
the  boiler  itself;  and  in  this  case,  therefore,  it  was  probable  that 
there  would  not  be  a  very  large  volume  of  gas  available.  In  the 
second  kind,  especially  when  used  in  connection  with  cement  kilns, 
the  volume  of  gas  was  probably  three  or  four  times  as  great,  and, 
therefore,  one  could  obtain  a  very  high  gas  velocity  and  a  very 
high  heat  transmission  coefficient  as  compared  with  what  might  be 
called  normal  boiler  practice. 

It  was  not  generally  realised  that  where  there  was  a  very  large 
volume  of  gas  available  as  compared  with  the  quantity  of  water 
to  be  heated,  extraordinarily  good  economical  and  commercial 
results  could  be  obtained,  especially  in  view  of  the  fact  that  man}' 
of  these  plants  worked  continuously,  i.e.,  24  hours  per  day. 

Every  waste  heat  transmission  scheme,  therefore,  should  be  treated 
commercially  on  its  merits,  in  order  to  determine  whether  the 
temperature  of  the  gas  could  be  reduced  to  somewhere  in  the  region 
of  120X.,  especially  in  view  of  the  fact  that  cast  iron  was  by  far  the 
best  material  for  resisting  both  internal  and  external  corrosion. 

Mr.  E.  F.  Spanner  (Great  Britain)  said  that  naval  architects  and 
marine  engineers  were  particularly  interested  in  the  applications 
of  waste  heat  boilers  to  sea-going  ships,  which  enabled  the  ship- 
owners to  obtain  the  greatest  possible  output  of  energy  from  every 
pound  of  fuel  and,  what  was  equally  important,  for  every  pound 
weight  of  engine  consuming  that  fuel.  As  a  naval  architect  himself, 
he  was  sincerely  grateful  to  the  designers  of  waste  heat  boilers, 
because  they  had  effected  a  great  improvement  in  the  fuel  efficiency 
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of  motor  driven  vessels.  There  had  been  a  remarkable  increase  iit 
motor  ship  tonnage  during  the  past  ten  or  twelve  years,  and  there 
was  a  growing  and  insistent  demand  that  further  improvements 
should  be  achieved  beyond  that  achieved  simply  by  using  the 
internal  combustion  engine.  The  ship  owner  regarded  the  hot  gases 
from  the  exhaust  of  the  internal  combustion  engine  as  waste  and 
not  as  surplus  heat.  The  production  of  those  gases  involved  the 
carrying  and  burning  of  additional  fuel,  and  they  were  undoubtedly 
waste.  His  experience  was  wi.h  the  thimble  tube  Clarkson  boiler, 
and  it  appeared  to  him  that  that  combined  the  advantages  of  both 
the  fire  tube  and  the  water  tube  types  of  boiler.  When  first  intro- 
duced to  his  notice,  in  1925,  there  was  only  one  ship  with  a  Clarkson 
boiler,  but  he  was  glad  that  the  Admiralty  had  adopted  the  boiler. 
He  understood  that  at  present  there  were  75  boilers  built  or  building 
for  various  types  of  vessel,  from  British  submarines  to  large  ocean- 
going passenger  liners. 

Mr.  H.  J.  Fountain  (Austraha),  discussing  the  possibilities  of 
extracting  useful  heat  from  the  exhaust  gases  of  Diesel  engines,  said 
that  in  his  experience  the  Clarkson  waste  heat  thimble  tube  boiler 
had  proved  very  efficient  in  extracting  heat  for  steam  raising  from 
exhaust  gases  at  temperatures  not  exceeding  450'^F.  The  point  was 
important,  he  said,  because  there  was  an  impression  that  exhaust 
gases  from  two-stroke  engines  were  of  too  low  a  temperature  to  be 
of  value.  That  was  quite  definitely  not  the  case,  for  he  had  had  very 
satisfactory  reports  of  waste  heat  boilers  fitted  to  two-stroke 
engines  in  ships.  It  must  be  remembered  that  low-pressure  steam 
was  of  great  value  for  heating  purposes  on  board  ship  and  for 
process  work  on  land  installations,  and  he  hoped  that  no  user  of  a 
Diesel  engine  would  be  dissuaded  from  ascertaining  what  he  might 
save  in  useful  heat,  even  though  he  knew  that  the  temperature 
of  the  waste  gases  was  a  long  way  below  1 ,000°F. 

Mr.  W.  Newton  Booth  (Great  Britain)  said  his  attention  was  first 
drawn  to  the  economies  of  the  recovery  of  waste  heat  from  industrial 
furnaces  when  he  was  placed  in  charge  of  an  installation  of  forging 
presses  fitted  with  waste  heat  boilers.  He  had  had  occasion  previously 
to  consider  very  closely  the  cost  of  producing  steam  in  the  large 
special  steam-producing  installations  for  power  purposes,  and  the 
cost  of  distributing  that  steam  for  general  use,  so  that  he  knew 
exactly  what  it  would  cost  to  distribute  the  steam  required  for 
driving  the  forging  presses.  Therefore,  he  had  applied  a  similar 
costing  method  in  order  to  ascertain  the  cost  of  the  steam  produced 
by  the  waste  heat  boilers,  and  had  found  that  it  was  actually  costing 
more  to  produce  than  it  would  cost  to  distribute  the  steam  direct 
from  the  boilers  which  were  giving  the  general  works  steam  supply. 
This  had  led  him  to  study  closely  the  economic  aspects  of  the 
recovery  of  waste  heat  by  a  steam  raising  process,  and  he  had 
concluded  that  there  were  very  many  installations  in  which  the  cost 
of  recovering  the  waste  heat  might  very  easily  exceed  its  value. 
Before  adopting  an  expensive  scheme  of  waste  heat  recovery,  one 
should  be  satisfied  that,  after  the  whole  of  the  costs  of  the  installation 
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had  been  determined,  there  would  actually  be  a  saving  effected  as 
compared  with  the  best  that  could  be  done  by  reconstructing  the 
furnace  and  improving  its  operation  so  as  to  reduce  the  amount  of 
waste  heat  available  for  steam  production  and  distribution. 

He  then  went  on  to  deal  with  one  or  two  essential  aspects  of  indus- 
trial furnaces  governing  the  amount  of  waste  heat  available  and  the 
way  in  which  it  could  be  recovered.  A  furnace  consisted,  he  said,  of 
some  kind  of  chamber,  into  which  fuel  and  air  could  be  led,  and 
from  which  the  gases  resulting  from  combustion  must  be  taken. 
In  that  chamber  a  certain  amount  of  "work"  must  be  placed,  and 
around  it  there  must  be  a  containing  wall.  The  heat  that  came  in 
was  divided  into  the  heat  that  could  be  absorbed  by  the  work  done, 
the  heat  which  was  transmitted  through  the  walls  and  which  leaked 
out  through  openings  and  doors  and  the  heat  that  must  be  taken 
awa\'  by  the  flue  gases.  There  was  a  limit  to  the  proportion  of  the 
entering  heat  that  could  be  used  in  the  chamber.  That  limit  was 
the  ratio  of  the  drop  of  temperature  from  the  theoretical  flame 
temperature  to  the  outlet  temperature,  divided  by  the  total  flame 
temperature  : — 

a     Û 

Heat  used  in  chamber  =  — ^—^ — -  X  total  heat  entering  chamber. 

That  amount  of  heat  included  not  only  the  heat  that  went  into  the 
work,  but  also  the  heat  that  went  into  the  walls  and  was  dissipated, 
so  that  if  one  could  reduce  the  amount  of  heat  conducted  away 
from  the  high  temperature  zone  one  could  increase  the  amount  of 
heat  available  for  doing  the  work  of  the  furnace.  That  could  be 
done  by  pa^dng  more  attention  to  the  construction  of  the  furnace 
walls,  and  increasing  their  heat  resistance.  It  was  only  if  that  heat 
were  taken  away  from  the  high  temperature  zone  that  it  had  an 
important  effect,  because  heat  taken  away  from  the  waste  gases  had 
not  to  be  transmitted  at  this  low  efiiciency.  He  had  found  con- 
siderable advantage  in  constructing  the  waste  gas  flue  so  as  to 
enclose  the  heating  zone  as  completely  as  possible,  with  the  idea 
that  the  heat  which  would  otherwise  be  taken  away  from  the  walls 
was  taken  from  the  waste  gas,  and  not  from  the  heating  zone  at  a 
low  efficiency.  Then,  any  method  of  increasing  the  amount  of  heat 
entering  the  chamber,  without  at  the  same  time  increasing  the 
amount  of  waste  gases  leaving  the  chamber,  would  tend  to  increase 
the  efficiency.  That  could  be  done  by  pre-heating  the  gas  and  the 
air,  and  if  careful  attention  were  paid  to  those  points  one  would 
find  in  a  great  many  cases  that  it  was  possible  to  increase  the 
efficiency  of  the  actual  furnace  installation  to  such  an  extent  that 
the  amount  of  waste  heat  going  away  in  the  waste  gases  was  not 
economically  recoverable,  having  regard  to  all  the  conditions.  It 
should  be  remembered  that,  taking  all  charges  into  consideration — 
fuel,  maintenance,  depreciation  of  plant,  rates,  buildings  and  so  on, 
the  actual  cost  of  fuel  alone  was  only  about  half  the  total  cost  of 
steam  made  in  the  best  kind  of  plant,  and  as  the  class  of  fuel  used 
becomes  cheaper,  the  fuel  cost  bore  a  smaller  proportion  to  the 
total;    also  the  fuel  used  in  a  good  modern  boiler  installation  was 
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considerably  cheaper  per  therm  than  the  fuel  which  had  to  be  used 
generally  in  metallurgical  furnaces.  Thei-efore,  he  asked  for  a  proper 
consideration  of  the  whole  subject  from  an  economic  point  of  view 
before  heavy  expenditure  on  waste  heat  boiler  plant  was  under- 
taken. 

Major  Gregson  (Great  Britain)  stated  that,  as  part  author  of 
paper  PI,  he  would  like  an  opportunity  of  replying  to  one  or  two 
points  which  had  been  raised  during  the  discussion. 

He  agreed  with  Mr.  Evans  that  it  was  essential  that  the  furnace 
unit  itself  should  be  made  as  efficient  as  possible  before  the  question 
of  waste  heat  boilers  was  considered,  i.e.,  as  stated  in  the  paper^ 
waste  heat  boilers  should  not  be  used  as  a  cloak  for  furnace  in- 
efficiency. 

It  should  be  remembered  when  discussing  furnaces,  however,  that 
there  were  other  sources  of  heat  loss  besides  the  sensible  heat  in  the 
out-going  gases,  and  in  certain  cases  it  was  possible  to  recover  heat 
from  these  other  sources  and  utilise  same  for  pre-heating  the  air  of 
combustion,  thereby  liberating  the  whole  of  the  gases  from  the 
furnace  for  steam-raising  purposes;  as  an  example,  this  obtained  in 
modern  vertical  retort  practice,  where  the  incoming  air  of  com- 
bustion obtained  its  heat  from  the  walls  of  the  settings  and  by 
cooling  the  coke  at  the  bottom  of  the  retorts.  The  net  result 
was  that  in  modern  vertical  retort  practice,  one  approached 
very  closely  to  the  ideal  furnace,  as  a  very  high  percentage 
of  heat  recovery  was  effected  by  the  joint  arrangement  of  air 
heating,  as  instanced  above,  coupled  with  waste  heat  boilers  for 
the  sensible  heat  in  the  flue  gases. 

He  (Major  Gregson)  agreed  with  Mr.  Evans  regarding  the  enormous 
advances  made  in  the  efficiency  of  hot  blast  stoves,  but  he  would 
point  out  that  another  cause  of  this  increased  efficiency  was  the 
more  scientific  mixing  of  gas  and  air  compared  with  old  practice. 

Mr.  Williams'  remarks  referred  more  to  paper  P2  than  to 
paper  PI,  but  he  (Major  Gregson)  would  question  one  remark  of 
Mr.  Williams',  in  which  the  latter  stated  that  they  considered  it 
took  three  years  to  pay  for  a  waste  heat  boiler  plant.  In  British 
practice  two  years — at  the  outside — would  appear  to  be  a  safe 
figure.  This  was  probably  due  to  the  fact  that  in  Great  Britain  we 
had  developed  the  high  velocity  boiler  to  a  much  greater  extent, 
thereby  cutting  down  the  size,  and  consequently  the  cost,  of  the 
waste  heat  boiler  plant. 

Mr.  Tansley  raised  the  question  of  cast  iron  for  high  temperatui'es, 
but  it  should  be  remembered  that  there  was  no  particular  demand 
for  cast  iron  under  these  conditions  for  waste  heat  recovery  practice; 
in  the  higher  temperature  ranges,  firebrick  for  regenerators,  and 
steel  for  boilers,  were  the  two  fundamentals  concerned. 

What  was  required  was  a  metal  which  would  stand  low  temperatures 
without  corrosion,  and  in  this  connection  it  should  be  pointed  out 
that  whereas  it  would  be  extremely  useful  if  waste  gases  could  be 
reduced  to  the  figure  given  by  Mr.  Tansley — i.e.,  120°C. — in  actual 
practice  it  had  been  found  that  such  temperatures  were  unobtainable 
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in  the  present  state  of  the  art,  owing  to  excessive  corrosion.  It 
should  be  remembered  that  in  deahng  with  furnace  practice,  there 
is  a  very  high  moisture  content  in  the  waste  gases  due  not  only  to  the 
hydrogen  content  in  the  furnace  gas,  but  also  to  the  amount  of  steam 
carried  over  from  the  Producers,  the  result  being  that  any  big  drop 
in  temperature  liberates  a  lot  of  free  moisture,  which,  combined  with 
sulphur  impurities  causes  heavy  corrosion  at  low  temperatures. 

The  result  was  that  in  dealing  with  waste  heat  boiler  practice 
Major  Gregson's  collaborators  and  he  himself  invariably  omitted 
the  économiser  item  and  made  the  boilers  themselves  as  efficient  as 
possible,  and  at  the  same  time  they  were  searching  round  for  a  metal 
for  recuperator,  etc.,  practice,  which  could  be  used  in  the  low 
temperature  ranges  on  recuperators  and  regenerators. 

He  agreed  with  Mr.  Spanner  regarding  the  possibilities  of  the 
waste  heat  boiler  on  marine  oil  engines,  but  would  respectfully  point 
out  that  Mr.  Spanner  was  a  little  behind  the  times  in  asking  for 
research  to  be  carried  out,  as  the  waste  heat  boiler  is  now  practically 
a  standardised  adjunct  to  modern  marine  oil  engine  practice.  The 
boiler  instanced  by  Mr.  Spanner,  i.e.,  the  thimble  boiler,  was 
particularly  well  suited  for  this  class  of  work. 

He  could  not  agree  with  Mr.  Spanner  regarding  the  calling  of 
exhaust  gases  of  the  Diesel  engine  "waste."  They  were  essentially 
surplus  to  the  oil  engine  cycle,  and  it  should  be  remembered  that 
the  Diesel  engine  had  the  most  efficient  heat  engine  cycle. 

He  agreed  with  Mr.  Fountain's  remarks  regarding  the  use  of  a 
waste  heat  boiler  on  two-stroke  engines,  provided,  of  course,  low 
pressures  were  worked  to  in  order  to  get  a  svifficient  temperature 
drop  through  the  waste  heat  boiler. 

Major  Gregson  stated  that  his  friend,  Mr.  Bailey,  would  reply  to 
Mr.  Newton  Booth's  criticisms,  and  he  himself  would  confine  his 
comments  to  the  remark  that  Mr.  Newton  Booth's  experience  with 
waste  heat  boilers  had  obviously  been  due  to  an  entirely  wrong 
boiler  system. 

He  thought  it  was  clearly  brought  out  in  the  paper  (PI)  that  there 
were  definite  limits  beyond  which  extraction  of  heat  in  the  flue  gases 
was  only  possible  by  waste  heat  boilers;  he  thought  that  Mr.  Newton 
Booth  had  been  led  astray  by  low  exit  temperatures,  which — as 
pointed  out  in  the  Paper — were  no  criterion  whatsoever  of  furnace 
efficiency. 

Mr.  W.  a.  Riley  (Great  Britain),  in  view  of  Mr.  Evans'  remarks 
wdth  regard  to  the  inefficient  use  of  waste  heat  from  coke  ovens, 
referred  to  a  proposition  he  had  had  to  consider  some  18  months  ago, 
involving  the  use  of  waste  heat  from  this  source.  The  waste  heat 
from  a  battery  of  ovens  was  being  used  under  five  Lancashire 
boilers  supplemented  by  the  surplus  gas  burned  at  each  boiler  in 
Harper  burners,  the  range  being  on  natural  draught.  This  was  the 
sole  source  of  steam  at  the  works  for  exhausters,  by-product  plant, 
turbo-electric  generation  for  coke-works  and  general  colliery  use, 
the  latter  including  ventilation.  The  proposition  was  put  forward 
by  Mr.  Gregson  that  at  least  20  per  cent,  more  steam  could  be 
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obtained  from  the  waste  heat  by  instalhng  waste  heat  boilers,  and 
still  further  economies  could  be  effected  by  using  the  surplus  gas  in 
a  Spencer-Bonecourt  boiler.  The  position  was  dominated  chiefly 
by  the  capital  cost  involved.  Another  important  factor  was  that  of 
maintaining  continuity  of  working,  as  auxiliaries  for  the  production 
of  draught  were  attached  to  the  waste  heat  and  surplus  gas  boilers. 
The  demands  upon  the  plant  might  be  suddenly  increased  from  time 
to  time,  and  although  there  were  conditions  in  which  little  risk 
would  be  involved,  there  were  other  conditions  in  which  these 
changes  could  not  be  met  sufficiently  quickly  to  prevent  some 
little  disorder  in  the  working  of  the  plant.  The  installation  of  the 
surplus  gas  boiler  was  undertaken,  and,  so  far  as  the  utilisation  of 
surplus  gas  in  that  boiler  was  concerned,  it  had  proved  satisfactory. 
He  maintained,  however,  that  if  waste  heat  boilers  were  used,  with 
auxiliaries  attached,  supplementary  sources  of  steam  should  be 
provided  in  order  to  ensure  the  necessary  continuity  of  working. 

Ma  or  Gregson  (Great  Britain)  stated  that  he  must  disagree 
with  Mr.  Riley  over  the  question  of  the  reliability  of  waste  heat 
boilers. 

Mr.  Riley  appeared  to  carry  his  native  caution  to  excess.  The 
authors  of  the  Paper  had  been  jointly  responsible  for  some  six 
hundred  plants,  involving  the  use  of  the  principles,  etc.,  enunciated 
in  the  Paper,  hence  they  felt  they  had  a  considerable  amount  of 
experience  upon  which  to  base  their  statements,  and  they  had  no 
hesitation  in  speaking  up  for  the  extreme  reliability  of  waste  heat 
recovery  plant.  Major  Gregson  would  remind  Mr.  Riley  of 
two  salient  instances — gas  works  and  motorships  ;  in  the 
former  case,  it  was  now  quite  common  practice  to  rely  entirely 
on  waste  heat  boilers  for  the  power  demand,  i.e.,  the  exhausters 
and  all  the  incidental  plant  in  the  gas  works — which  was  a  public 
utility  concern  giving  constant  service.  In  the  case  of  motorships 
at  sea,  it  was  quite  common  practice  for  the  auxiliaries  to  be  run 
entirely  from  the  waste  heat  boiler,  i.e.,  the  ship's  steering,  and — 
through  the  medium  of  the  compressor — the  ship's  manœuvring. 
These  two  instances  alone  should  surely  convince  Mr.  Riley  as  to 
the  non-existence  of  his  fears. 

Mr.  F.  J.  B.'MLEY  (Great  Britain),  replying  to  Mr.  Newton  Booth's 
remarks  with  regard  to  the  surplus  gases  which  were  or  were  not 
available  from  metallurgical  re-heating  furnaces,  suggested  that 
Mr.  Newton  Booth  had  not  read  carefully  the  introduction  to  the 
Paper  (PI),  in  which  the  authors  had  been  particularly  careful  to 
say  that  it  was  taken  as  axiomatic  that  the  surplus  heat  recovery 
was  not  practised  to  cover  up  defects  in  the  operation  of  the  process. 
The  words  "defects  in  the  operation"  included  defects  in  the  design 
of  the  units  operating.  It  would  be  interesting  to  know  whether 
Mr.  Newton  Booth,  in  the  design  of  his  furnace,  had  found  it  more 
or  less  expensive  to  make  tortuous  gas  passages  in  order  to  blanket 
his  furnace  than  to  lag  the  furnace  with  a  good  quality  heat-resisting 
covering,  assuming  the  furuc'ce  structure  would  stand  that  at  the 
temperatures  at  which  it  had  to  work.    A  number  of  speakers  had 
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said  that  comparatively  recently  they  had  had  to  "look  into" 
propositions  for  waste  heat  recovery.  Such  propositions  ought  to 
have  been  looked  into  years  ago.  The  costing  system  mentioned  by 
Mr.  Newton  Booth  might  very  well  be  made  a  standard  costing 
system  applicable  to  any  heat  utilising  unit  in  such  a  way  that,  when 
efficiently  backed  by  careful  measurements  with  reliable  instruments, 
the  people  in  charge  of  plants  would  know  the  cost  of  heat  and  its 
distribution  and  would  know  what  heat  was  flowing  through  the 
plants.  Then  they  would  discover  how  much  of  their  heat  was 
surplus  and  how  much  was  waste.  He  believed  that  much  of  the 
heat  now  regarded  as  waste  heat  should  be  regarded  as  recoverable 
surplus  heat. 

At  the  conclusion  of  the  discussion,  the  Chairman  expressed  thanks 
to  the  authors  of  the  papers,  and  to  those  who  had  taken  part  in 
the  discussion,  for  the  information  they  had  given. 

The  thanks  of  the  meeting  were  also  expressed  to  the  Chairman,  the 
Vice-Chairman  and  the  General  Reporter  of  Sections  O  and  P. 
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LOW-TEMPERATURE    CARBONISATION 


Qi     THE    POSSIBILITIES    OF    COORDINATION  BETWEEN  COAL 
PROCESSING  AND  THE  PRODUCTION  OF  ELECTRICITY. 

Q2     LOW-TEMPERATURE  CARBONISATION. 

Qi     THE    PRESENT    STATE    OF    LOW-TEMPERATURE    CARBON- 
ISATION IN  GERMANY. 


THE    NUMBERS    ARE    THOSE    GIVEN    TO    EACH    PAPER 
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(THE         POSSIBILITIES         OF         CO-ORDINATIOX         BETWEEN         COAL 
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KOHLENINDUSTRIE-VEREIN 

DR.-ING.    P.    ROSIN 
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Begriff  und  Leitsätze  der  Kupplung. — Der  Begriff  technischer 
Kupplung  bedeutet  nicht  nur  ein  Nebeneinanderbetreiben  ver- 
schiedener Prozesse  am  selben  Ort  und  zur  selben  Zeit,  er  drückt 
vielmehr  ihre  gegenseitige  konstruktive,  betriebliche  und  wirt- 
schaftHche  Verflechtung  aus.  Es  gibt  einige  allgemeine  Leitsätze, 
die  für  alle  Kupplungen  massgebend  sind: 

1.  Jede  Kupplung  muss  in  ihrem  Endergebnis  wirtschaftlich  sein. 
Da  verschiedenartige  Erzeugnisse  anfallen,  ist  die  Gesamtbilanz  auf 
das  Endprodukt  zu  beziehen  unter  Anrechnung  aller  Gutschriften 
aus  Nebenprodukten.  Nur  wenn  auf  dieser  Grundlage  eine  Verbilli- 
gung  des  Haupterzeugnisses  gegenüber  dem  ungekuppelten  Betrieb 
eintritt,  ist  das  Kennzeichen  der  Wirtschaftlichkeit  gegeben.  Nie 
darf  aber  die  Kupplung  dazu  dienen,  notleidende  Verfahren  auf 
Kosten  der  Gewinnminderung  eines  damit  verbundenen  Betriebes 
durchzuschleppen.  Das  Hauptprodukt  der  Kohlen  veredlungs- 
Kraftwerkskupplung  ist  die  Kilowattstunde  (kWh).     Sie  muss  in 
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der  Gesamtbilanz  billiger  werden  als  im  ungekuppelten  Kraftwerk. 
Der  Masstab  jeder  Bewertung  ist  also  der  kWh-Preis  unter  Zu- 
grundelegung des  billigsten  am  Kupplungsort  erhältlichen  Brenn- 
stoffs. 

2.  Grundlegend  für  den  Aufbau  der  Kupplung  ist  die  Feststellung, 
welcher  der  miteinander  gekuppelten  Prozesse  der  übergeordnete 
ist,  welche  Bedürfnisse  unantastbar  sind  und  daher  nicht  den 
Zugeständnissen,  die  die  gegenseitige  Verknüpfung  verschiedener 
Betriebe  mit  sich  bringt,  unterworfen  werden  dürfen.  In  unserem 
Fall  sind  es  die  Anforderungen  der  Stromversorgung,  die  vom  Netz 
an  die  Elektrizitätswerke  gestellt  werden.  Ihnen  muss  rück- 
sichtslos und  sofort  nachgekommen  werden,  alles  andere  hat  sich 
ihnen  unterzuordnen.  AUe  mit  einer  Hauptelektrizitätserzeugung 
gekuppelten  Betriebe  müssen  also  von  vornherein  auf  diese  Unnach- 
sichtlichkeit  zugeschnitten  werden  und  ihr  einen  mehr  oder  minder 
grossen  Teil  der  eigenen  Selbständigkeit  opfern. 

3.  Das  eigentliche  Wesen  der  Kupplung  besteht  darin,  möglichst 
viele  Haupt-,  Zwischen-  und  Abfallstoffe  der  einzelnen  Verfahren 
wechselseitig  nutzbringend  zu  verwerten.  Einmal  wird  damit  der 
Bezug  dieser  Stoffe  von  ausserhalb  und  der  daran  haftende  Zwi- 
schengewinn umgangen,  dann  aber  sind  auch  sehr  viele  Verfahren  in 
ihrer  Wirtschaftlichkeit  auf  angemessenen  Absatz  ihrer  Neben- 
und  Abfallprodukte  angewiesen,  die  technisch  und  wirtschaftlich 
eine  Verfrachtung  oft  nicht  vertragen,  dagegen  zum  wertvollen 
Betriebsstoff  des  damit  gekuppelten  Verfahrens  werden  können. 

4.  Jede  Kupplung  soll  bestrebt  sein,  durch  geschickte  Verbindung 
die  wechselseitigen  Betriebs-  und  Wirtschaftsschwächen  der 
Einzelverfahren  auszugleichen.  Eine  solche  Schwäche  vieler 
Elektrizitätswerke  liegt  in  ihrer  schwankenden  Belastung,  in  dem 
Auftreten  plötzlicher  Spitzen  und  besonders  in  den  nächtlichen 
Stromtälern.  Die  Kupplung  mit  einem  Kohlen  Veredlungsvorgang 
wird  dem  Elektrizitätswerk  umso  wertvoller  sein,  je  mehr  hierdurch 
die  Spitzendeckung  erleichtert  und  die  Grundlast  erhöht  wird. 
Eine  wesenthche  Beihilfe  hierzu  ist  schon  die  wirtschaftliche 
Ermöglichung  von  Methoden,  durch  welche  die  Elastizität  des 
Kraftwerkes  gesteigert  wird  (Staubfeuerung). 

Die  Beachtung  dieser  Grundsätze  bringt  es  mit  sich,  dass  die  bei 
der  Kupplung  untergeordneten  Betriebe  oft  ganz  andere  Form  und 
Gestalt  erhalten,  wie  man  von  ihnen  als  selbständigen  Betriebs- 
individuen gewohnt  ist.  Während  sie  selbständig  das  Gepräge  in 
sich  geschlossener  Konstruktions-  und  Betriebseinheiten  tragen, 
werden  sie  gekuppelt  zu  eingeordneten  Gliedern  eines  organischen 
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Ganzen.  Neue  und  andere  Gesichtspunkte  bestimmen  jetzt 
Gestaltung  und  Betriebsweise.  Forderungen  werden  massgebend, 
deren  Erfüllung  im  Einzelverfahren  unangebracht  oder  gar  un- 
wirtschaftlich sein  dürfte,  in  der  Kupplung  aber  in  ihrer  Unterord- 
nung unter  den  richtunggebenden  Betrieb  die  Gesamtwirtschaft- 
lichkeit  erhöht. 

Die  Grenzen  der  Kupplungsmöglichkeiten  liegen  daher  auch  in 
den  unveränderlichen  Eigenarten  der  einzelnen  Prozesse,  die  man 
immer  nur  bis  zu  einem  gewissen  Grade  zur  Harmonie  bringen  kann. 
Jenseits  dieser  Grenzen  sinkt  entweder  die  Wirtschaftlichkeit  des 
Einzel  Vorganges  so  stark,  dass  sie  die  Gesamtwirtschaftlichkeit 
beeinträchtigt,  oder  die  Betriebsbindungen  werden  so  veiwickelt, 
dass  die  Gesamtsicherheit  in  Gefahr  gerät.  Denn  jede  Kupplung 
wesensverschiedener  Vorgänge  erschwert  den  Betrieb  umso  mehr, 
je  inniger  die  Verflechtung  in  vertikaler  Richtung  ist.  Dagegen 
verzichtet  die  einfache  Parallelschaltung,  die  man  nicht  mehr  als 
Kupplung  ansprechen  kann,  bewusst  auf  manche  technisch- 
wirtschaftliche Vorteile  zugunsten  grösserer  Betriebseinfachheit 
und  -Sicherheit.  Der  oft  verlockende  Gedanke  vollkommenster 
Kupplung  darf  daher  nicht  ideologisch  verwirklicht  werden.  Be- 
sonders in  der  Elektrizitätserzeugung  ist  der  Dienst  der  Stromlie- 
ferung oberstes  Gesetz  und  bestimmt  allein  das  verantwortliche 
Ausmass  der  Kupplung  nach  Tiefe  und  Breite.  Die  Kupplung  mit 
einem  Kohlenveredlungsvorgang  darf  also  Betriebssicherheit  und 
Betriebsbereitschaft  eines  Elektrizitätswerkes  in  keiner  Weise 
beeinträchtigen. 

Begriff  und  Arten  der  Kohlenveredlung. — Der  Begriff 
Kohlen  Veredlung  wird  vielfach  so  verstanden,  dass  durch  irgend 
welche  Behandlung  der  Rohstoff  Kohle  in  eine  veredelte  feste 
Form  mit  besseren  brenntechnischen  Eigenschaften  oder  höherem 
Heizwert  übergeführt  wird.  Eine  solche  Definition  ist  aber  nicht 
umfassend  genug.  Oft  wird  ein  bei  der  Veredlung  erhaltener  fester 
Rückstand,  der  gewichtsmässig  die  Hauptmenge  ausmacht, 
gegenüber  dem  Ausgangsstoff  eine  Wertverminderung  erlitten  haben . 
Hier  wurde  also  die  Kohle  nicht  als  fester  Brennstoff  veredelt, 
sondern  dem  Rohstoff  veredelte  Wertstoffe  entzogen.  Unter 
Kohlen  Veredlung  möchte  ich  daher  alle  Verfahren  begreifen,  die 
aus  dem  Rohstoff  Kohle^  irgendwelche  veredelten  Erzeugnisse  in 
fester,  flüssiger  und  Gasform  neben  Zwischen-  und  Abfallstoffen 
gewinnen.     Diese    Definition    weist    schon    auf    die    Aufgabe    der 

^Zur  Nedden,*  Wirtschaftsfragen  der  Entgasung  und  Vergasung,    Z.V.D.I 
1925,  Seite  521.      (*Adressen  siehe  am  Schluss  dieses  Aufsatzes.) 

927 


LOW-TEMPERATURE  CARBONISATION 

Kupplung  hin,  die  Nebenerzeugnisse  als  Brenn-  und  Betriebsstoffe 
lohnend  unterzubringen.  Denn  die  Wirtschaftlichkeit  der  meisten 
Kohlenveredlungsverfahren  liegt  in  der  Absetzbarkeit  ihrer  Neben- 
produkte. Da  alle  Prozesse  auf  die  besten  Eigenschaften  des 
Haupt erzeugnisses  zugeschnitten  werden,  sind  die  Nebenprodukte 
oft  von  minderer  Qualität.  Wenn  auf  der  einen  Seite  das  Elek- 
trizitätswerk mit  besonderen  Methoden  diese  Nebenerzeugnisse  zu 
verwerten  versteht,  so  muss  dafür  die  Kohlen  Veredlung  auf  der 
anderen  Seite  sich  den  betrieblichen  Eigenarten  der  Elektrizitäts- 
erzeugung unterordnen.     Hierin  liegt  das  Wesen  ihrer  Kupplung. 

Die  Verfahren  der  Kohlen  Veredlung  können  mechanisch,  thermisch, 
chemisch  oder  eine  Verbindung  davon  sein.  Als  mechanische 
Veredlung  ist  jede  Aufbereitung  anzusehen,  durch  die  eine  Reini- 
gung, Sortierung,  Formgebung  (Brikettierung)  oder  Zerkleinerung 
(Staubherstellung)  bewirkt  wird.  Hierzu  muss  aber  bei  den  Kohlen 
höheren  Wassergehaltes,  wie  bei  den  deutschen  Braunkohlen  mit 
ihren  50-60%  Feuchtigkeit,  schon  die  thermische  Veredlung  durch 
Trocknung  der  Brikettierung  und  Staubherstellung  vorausgehen. 
Schon  bei  der  einfachen  Sortierung  der  Kohlen  wird  eine  gewisse 
Kupplung  mit  der  Elektrizitätserzeugung  besonders  auf  den 
Kohlenwerken  in  der  Weise  durchgeführt,  dass  die  unvermeidlichen 
aschereicheren  und  in  der  Körnung  minderwertigen  Sorten  unter 
den  eigenen  Kesseln  der  Elektrizitätszentralen  verfeuert  werden 
und  damit  den  gewinnbringenden  Verkauf  der  höherwertigen 
unterstützen.  Jedoch  ist  diese  Art  der  Kupplung  nur  lose  und 
einseitig,  indem  lediglich  die  Kesselfeuerungen  auf  die  Verbrennung 
minderwertiger  Sorten  mit  gutem  Wirkungsgrad  zugeschnitten 
werden  müssen.  Hierbei  ist  die  Staubfeuerung  eine  wesentliche 
Hilfe  geworden.  Die  Aufbereitung  selbst  hat  dagegen  keine 
anderen  Pflichten  gegenüber  der  Elektrizitätserzeugung,  als  ihr 
immer  die  notwendigen  Mengen  von  möglichst  gleicher  Beschaffen- 
heit zu  liefern.  Diese  loseste  Art  einer  Kupplung  setzt  die  Ver- 
bindung von  Kohlengrube,  Kohlenhandel  und  Elektrizitätser- 
zeugung voraus.  Sie  findet  sich  vielfach  bei  den  Steinkohlen,  die 
vor  der  Vermahlung  keiner  oder  nur  geringer  Trocknung  bedürfen. 

Enger  wird  die  Kupplung  schon  bei  der  mechanischen  Aufbereitung 
der  Braunkohlen  infolge  der  notwendig  vorausgehenden  erheblichen 
thermischen  Trocknungsarbeit,  die  entweder  mit  Dampf  oder 
Heizgas  geschieht.  Im  ersten  Fall  tritt  der  Gegendruck-  oder 
Anzapfbetrieb,  das  bekannteste  Kennzeichen  thermisch-mechani- 
scher Kupplung,  in  Erscheinung,  im  zweiten  Fall  können  die 
Kesselabgase  zur  Trocknung  herangezogen  und  damit  eine  Kupplung 
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zwischen  Kesselbetrieb  und  Trocknung  hergestellt  werden.  Daher 
zeigen  auch  schon  alle  Braunkohlen-Brikettfabriken,  in  steigendem 
Masse  die  mit  Brikettfabriken  verbundenen  Elektrizitätswerke  und 
am    stärksten    die    Braunkohlenkraftwerke    mit    Brikettfabriken 
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Abb.    1. — Energieerzeugung   je   Tonne    Rohkohle    bei    Dampftrocknung    und 

Staubfeuerung. 

Abbildungen  1-4. 
Voraussetzung: 
Kesseldruck 
Überhitzung 

Wärmeinhalt  des  Dampfes 
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weitgehende  Kupplung  zwischen  thermisch-mechanischer  Kohlen- 
veredlung und  Elektrizitätserzeugung.  Allerdings  besteht  in  ihrer 
gegenseitigen  Bindung  ein  wesentlicher  Unterschied.  Das  Haupter- 
zeugnis der  Brikettfabrik  ist  das  Brikett.     Bei  seiner  Herstellung 
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gewinnt  man,  bedingt  durch  die  unerlässlichen  Trocknungsdampf- 
mengen, grössere  oder  geringere  Beträge  an  Überschuss-Energie,  die 
vom  Anfangs-  und  Gegendruck,  vom  Dampf  verbrauch  der  Maschinen 
imd  Strombedarf  der  Grube  und  Fabrik  abhängen.  Der  über- 
geordnete Betrieb  ist  aber  die  Brikettherstellung.  Da  die  Dampf- 
trocknung   den    besten    Wirkungsgrad    bei    ganz    gleichmässigem 


Abb.  2. 


50  55 

Rohkohlen  feuditiaheit 

-Wärmebedarf  je  Kilowattstunde  bei  Dampftrocknung  und  Staub- 
feuerung. 


Betrieb  gibt,  so  wird  die  Brikettfabrik  irgend  welchen  Netz- 
schwankungen zulieb  keine  Veränderungen  ihrer  Arbeitsweise 
vornehmen .  Ja  sie  vermindert  einfach  beim  Ausfall  von  Trocknern  die 
Menge  an  Überschussenergie,  die  sie  ans  Netz  abgibt.  Hierin  liegt  die 
Absatzschwierigkeit  solcher  Überschussenergie  an  die  Landesnetze 
begründet.  Die  Elektrizitätswerke  haben  wenig  Interesse  an  der 
Aufnahme  fremder  Grundlasten,  die  nur  das  eigene  Niveauverhältnis 
verschlechtert    und    die    eigenen    Kapitalkosten    erhöht.     Nach 
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Berechnungen  Vigeners^  könnten  aus  der  deutschen  Jahreserzeu- 
gung von  35  MilUonen  t  (1  t  =  l  000  kg)  Braunkohlenbriketts 
bei  einem  Anfangsdruck  von  1 00  at  550  000  installierte  kW 
eine  Überschussenergiemenge  von  jährlich  4  Milliarden  kWh 
zur  Verfügung  stellen.  Die  angeführten  Gründe  haben  bisher 
diese  Kupplung  zwischen  Brikettfabrik  und  Landesstromversor- 
gung verhindert  und  überdies  bewirkt,  dass  die  Brikettfabriken, 
solange  sie  ihre  Überschussenergie  nicht  gewinnbringend  abgeben 
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Abb.    3. — Energieerzeugung    je     Tonne     Rohkohle    bei     Feuergastrocknung 
und  Staubfeuerung. 


können,  keinen  Anreiz  zur  Drucksteigerung,  die  nur  ihre  Abfall- 
energie erhöhen  würde,  finden. 

Viel  günstiger  Hegen  daher  die  Verhältnisse  in  dem  mit  einer 
ßrikettfabrik  unmittelbar  verbundenen  Elektrizitätswerk,  das  die 
Überschussenergie  aufnimmt.  Hierbei  tritt  dann  aber  der  Wechsel 
der  Vorherrschaft  ein.  Massgebend  sind  die  Bedürfnisse  der  Strom- 
lieferung,   denen    sich  die  Brikettfabrik  unterordnen  muss.     Die 

*Vigener,  Betrachtungen  über  die  wirtschaftlichen  Grenzen  des  Dampfdruckes 
für  die  deutsche  Braunkohlen-Brikett-Industrie.  Braunkohle  1926,  Seite 
471. 
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Netzschwankungen  wirken  sich  auf  Menge,  Druck  und  Temperatur 
des  Gegendruckdampfes  aus,  und  der  Trockenbetrieb  wird  hierdurch 
beeinträchtigt.  Es  empfiehlt  sich,  in  solchen  Fällen  mit  den  Gegen- 
druckturbinen gleichbleibende  Grundlast  zu  fahren,  alle  Schwan- 
kungen aber  mit  den  Kondensationsmaschinen  aufzunehmen,  um 
nicht  der  Gleichmässigkeit  der  Kohlentrocknung  zu  schaden. 

Am   günstigsten    hegen   Kupplungsmöglichkeiten    dieser   Art   im 
Brikettkraftwerk    mit     Staubfeuerung.     Denn    hier    ist    der    am 
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Abb.     4. — Wärmebedarf     je     Kilowattstunde    bei    Feuergastrocknung    und 

Staubfeuerung. 

schwersten  gegen  die  Wirtschaftlichkeit  der  Staubfeuerung  ins 
Gewicht  fallende  Kapitaldienst  der  Trocknung  infolge  der 
Verbindung  mit  der  Brikettfabrik  bedeutend  niedriger,  und 
überdies  bringt  der  in  der  Trockenkohle  enthaltene  Staub,  der 
durch  einfaches  Sicht  verfahren  zu  entziehen  und  mit  dem  Staub 
der  Entstaubungen  zu  vereinigen  ist,  eine  wesentliche  Gutschrift 
an  billigem  Brennstoff  bei  gleichzeitiger  Verbesserung  des  Briketts. 
In  solchen  Braunkohlenkraftwerken  steht  also  die  Verbrennung 
von  Staub,  der  aus  dampf-  oder  feuergasgetrockneter  Kohle 
vermählen  wird,  im  Wettbewerb  mit  der  Verfeuerung  unvcrmahlener 
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Rohkohle.  Die  Abbildungen  1-4*  geben  Aufschluss  über  die 
thermischen  und  elektrischen  Gewinne,  die  durch  die  Staubfeuerung 
bei  Dampf-  oder  Feuergastrocknung  im  Vergleich  zu  Rohkohle 
erreichbar  sind.  Trotz  dieser  thermischen  Vorteile  ist  aber  die 
Staubfeuerung  für  das  reine  Braunkohlenkraftwerk  infolge  der 
hohen  Kosten  für  Trocknung  und  Mahlung  unwirtschaftlich.  Erst 
in  dem  mit  einer  Brikettfabrik  verbundenen  Kraftwerk  wird  diese 
Art  der  Kupplung  gegenüber  unmittelbarer  Rohkohlenverfeuerung 
gewinnbringend,  wobei  natürlich  noch  die  Belastungsverhältnisse 
des  Elektrizitätswerkes  eine  wesentliche  Rolle  spielen.  Das 
modernste  Beispiel  ist  das  Braunkohlen-  und  Grosskraftwerk 
Bohlen  des  Sächsischen  Staates  (Abb.  5,  6).  Abb.  7  zeigt  das 
Wärmekupplungsschema  dieses  Werkes. 

Als  Beispiel  für  die  Trocknung  der  Braunkohle  mit  den  Rauchgasen 
der  Dampfkessel  ist  die  Anlage  auf  Beisselsgrube  zu  nennen.* 
Hier  werden  täglich  aus  400  t  Rohbraunkohle  mit  59%  Wasser 
180  t  Trockenkohle  von  14%  Feuchtigkeit  mittels  der  350°  heissen 
Abgase  zweier  400  m^-Steilrohrkessel  in  Trommeltrocknern 
hergestellt.  Da  in  den  Braunkohlenbrikett fabriken  das  Kondensat 
der  Dampftrockner  den  Kesseln  wieder  mit  hoher  Temperatur 
zufliesst,  sind  gar  keine  oder  nur  kleine  Economiser  vorhanden, 
woraus  sich  die  hohe  Abgastemperatur  erklärt.  Diese  Art  der 
Kupplung  gestattet  also,  dem  Kraftwerk  der  Brikettfabrik  ein 
sonst  verlorengegangenes  Abfallprodukt,  die  fühlbare  Wärme  der 
Kesselabgase,,  wirtschaftlich  zu  verwerten.  Wesentliche  Vorbedin- 
gung einer  derartigen  Kupplung  ist  aber  die  ganz  gleichmässige 
Lastkurve  der  Brikettkesselhäuser. 

Thermochemische  Kohlenveredlung. — Die  bisher  genannten 
Verfahren  der  Kohlen  Veredlung  waren  dadurch  gekennzeichnet, 
dass  eine  chemische  Umwandlung  des  Rohstoffs  Kohle  nicht  erfolgte, 
und  dass  vor  allem,  abgesehen  von  der  Wasserentfernung,  eine 
Aufspaltung  oder  Umwandlung  in  verschiedenartige  Stoffe  nicht 
stattfand.  Das  aber  ist  das  Kennzeichen  der  chemischen  Veredlung, 
die  immer  zugleich  auch  eine  thermochemische  ist.  Sie  steht  heute 
im   Vordergrund   des   Interesses.     Wir   unterscheiden   Schwelung, 


^Rosin,     Wirtschaftlichkeit     der     Braunkohlenstaubfeiierung,     Braunkohle 
1927,  Nr.  18,  ferner 

Rosin,     Braunkohlen-  und    Schwelstaubfeuerung    in    Kraftwerken,     Elek- 
trizitätswirtschaft Nr.  430-31. 

•*Kaspers,  Herstellung  und  Verwendung  von  rheinischem  Braunkohlenstaub, 
Braunkohle  1927,  Nr.  19,  Seite  397. 

Krisch,    Die    Herstellung    von    Braunkohlenstaub    auf    der    Beisselsgrube, 
Braunkohle  1927,  Nr.  34,  Seite  777. 
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Abb.  5. 

Braunkohlen-  und  Grosskraftwerk  Bohlen. 

1  Dreischiffiger    Rohkohlenbunker,   Inhalt    10  000  t,   mit  angebauter    Vor- 
zerkleinerungsanlage und  Abzugsbändern. 

2  Absiebung,   bestehend   aus   4  Siebsystemen  mit   2   Rohkohlemühlen  mit 
einem  Durchsatz  rd.   1  000  t/h,  mit  Sortierkohle- Verladeeinrichtung. 

3  Trocknerhaus    mit     32     Dampfröhrentrocknern,    Dampfdruck     1,5     atü, 
Einzelleistung  5  t  Trockenkohle  stündlich. 

4  Kühlhäuser  mit  200  t  stündlicher  Durchlaufleistung. 
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5  Mahlanlage,  bestehend  aus  5  Mühlenfeldern   von    insgesamt  60  t  stünd- 
lichem Durchsatz. 

6  Brikettpressenhaus  mit    19  Einf achpressen  und  drei  Doppelpressen  mit 
2  000  t  täglicher  Leistung. 

7  Rohrkanal,  enthaltend  Gegendruckleitungen,  Kohlenstaubförderleitungen, 
Rohkohlentransportband  und  Betriebswasserleitungen. 

8  Rohkohlenkesselhaus    mit    8    Kesseln    von    500    m^    mit    mechanischen 
Treppenrostfeuerungen. 

9  Staubkesselhaus  mit  2  Sektionalkessein  je  2  000  m^  Heizfläche,   6  Steil- 
rohrkesseln je  1  500  m-  Heizfläche,  Lufterhitzer,  hydraulische  Entaschung. 

10  Maschinenhaus  mit  3  Gegendruckturbinen  von  2  mal  8  000  kW  und  1  mal 
16  000  kW,  2  Kondensationsmaschinen  von  je  22  500  kW,  2  Kondensa- 
tionsmaschinen von  je  25  000  kW  und  2  Kondensationsmaschinen  von  je 
35  000  kW. 

1 1  3  Kühltürme  für  je  8  000  m^  stündliche  Leistung,  und  3  Kühltürme  für 
je  10  000  m^  stündliche  Leistung. 

12  Hauptschaltanlage  für  100  000  kV  mit  z.Zt.  7  mal  100  000  kV-Stromkreisen 
für  die  Landesversorgung. 


)/irlusl» 


EMCtrix^e  Enerqia 


Vfrlustt 


Hohbrauir  Kohte 


Braun  Kohtfitstau^ 


EnenjLeverteUung 
im  gekuppelten  Staub^aftwerK. 


Abb.  7. 


Verkokung,  Vergasung  und  Hydrierung,  wobei  Schwelung  und 
Verkokiing  nur  Nieder-  und  Hochtemperaturstufen  der  Entgasung 
sind. 
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Im  Sinne  der  einleitenden  Richtlinien  kann  man  den  Begriff  der 
Kupplung  folgendermassen  ausdrücken: 

Kupplung  ist  die  Verwertung  gegenseitiger  Erzeugnisse  und  Abfall- 
stoffe zum  Zweck  wirtschaftlicher  und  betrieblicher  Erleichterungen, 
zugeschnitten  jeweils  auf  die  Forderungen  des  dominierenden 
Betriebes.  Hierbei  sei  zum  Vorteil  einer  klareren  Durchdenkung 
des  ganzen  Gebietes  ein  Unterschied  eingeführt  zwischen  Kupplungs- 
gattung und  Kupplungsmöglichkeit.  Mit  der  Kupplungsgattung 
sei  die  Wesensverschiedenheit  der  einzelnen  Verfahren  ausgedrückt: 
Die  Verbindung  der  Elektrizitätserzeugung  mit  Schwelung,  mit 
Verkokung,  mit  Vergasung,  sind  jeweils  verschiedene  Kupplungs- 
gattungen. Innerhalb  jeder  von  ihnen  gibt  es  dann  zahlreiche 
Kupplungsmöglichkeiten,  die  den  verschiedenen  Aufbau  der  tech- 
nischen Einzelverbindungen  in  konstruktiver  und  betrieblicher 
Hinsicht  umfassen.  Die  Kupplungsmöglichkeiten  sind  also  die 
Spielarten  innerhalb  einer  Gattung.  Man  kann  sie  am  einfachsten 
an  Hand  einer  Übersicht  der  entstehenden  Erzeugnisse  beurteilen. 
Tabelle  I  gibt  eine  solche  mengenmässige  Zusammenstellung  zugleich 
mit  dem  für  das  Veredlungsverfahren  notwendigen  Energiebedarf. 

Da  die  Erzeugnisse  der  Kohlenveredlung  nur  als  Brenn-  oder 
Treibstoff  für  die  Elektrizitätserzeugung  in  Betracht  kommen, 
gibt  Tabelle  II  neben  dem  Wert  der  Rohstoffe  und  Veredlungs- 
produkte die  für  die  Verbrennung  wichtigsten  thermischen  Eigen- 
schaften der  letzteren.  Aus  Tabelle  III  ersieht  man  sofort,  dass  als 
Kupplungsgattung  im  Sinne  der  vorausgeschickten  Begriffsbestim- 
mungen überhaupt  nur  die  Verbindung  von  Schwelerei  und  Stromer- 
zeugung in  der  Form  in  Frage  kommt,  dass  das  Elektrizitätswerk 
den  Halbkoks  als  Brennstoff  abnimmt.  Man  muss  bei  Betrachtung 
der  Tabelle  sich  immer  dessen  bewusst  bleiben,  dass  die  Kupplung  im 
Wettbewerb  steht  mit  dem  Rohstoff  der  Kohlen  Veredlung,  und  dass 
daher  eine  Kupplung  nur  dann  wirtschaftlich  ist,  wenn  in  der  Gesamt- 
bilanz der  gekuppelten  Betriebe  die  Kilowattstunde  bei  dem  Umweg 
über  die  Kohlenveredlung  billiger  herstellbar  ist  als  bei  der  immittel- 
baren Verteuerung  des  Rohstoffs.  Aus  diesem  Grunde  scheidet  auch 
die  Verwertung  von  ölen  zum  Betrieb  von  Dieselmaschinen  im 
allgemeinen  aus.  Denkbar  wird  sie  nur  für  die  Spitzendeckung  in 
mittleren  ausgesprochenen  Spitzen  werken.  Auch  die  Grossgas- 
maschinen und  die  Befeuerung  der  Dampfkessel  mit  Gas  ist  im 
"N^ergleich  mit  Rohkohle  unwirtschaftlich  und  muss  als  Notbehelf 
für  Gasüberschüsse  bewertet  werden.  Aus  diesem  Grunde  ist  auch 
die  Schwelung  mit  anschliessender  restloser  Vergasung  und  Verwer- 
tung des  Generatorgases  für  die  Kesselfeuerungen  keine  Grundlage 
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einer  Kupplung.  Denn  die  Verbrennung  von  Halbkoksstaub 
kommt  in  betrieblicher  und  technischer  Hinsicht  der  Gasfeuerung 
gleich,  die  Vergasung  aber  ist  teurer  als  die  Vermahlimg,  und  die 
geringen  Ausbeuten  an  Ammoniak  aus  der  Vergasung  können  diesen 
Unterschied  bei  weitem  nicht  wettmachen.  Die  wirtschaftHche 
Gaskupplung  kommt  überhaupt  erst  dann  in  Betracht,  wenn  das 
Problem  der  Grossgasturbine  gelöst  ist. 

Die  heute  allein  wirtschaftliche  Kupplungsgattung  besteht  zwi- 
schen Schwelerei  und  Elektrizitätserzeugung.  Alle  Kupplungsmög- 
lichkeiten in  ihr  werden  bestimmt  durch  die  spezifischen  Eigenschaf- 
ten von  Rohstoff,  Haupt-  und  Nebenprodukten  und  durch  die 
betriebliche  Eigenart  der  gekuppelten  Verfahren.  Auf  beide  muss 
man  näher  eingehen,  um  die  MögHchkeiten  zu  entwickeln,  wobei 
eine  Bemerkung  über  die  Unterschiede  der  Braun-  und  Steinkohlen- 
schwelerei vorausgeschickt  sei. 

Die  Braunkohlenschwelerei  ist  in  erster  Linie  auf  den  Teergewinn 
abgelegt,  was  schon  daraus  hervorgeht,  dass  der  Wert  der  durch- 
schnittlichen Teerausbeuten  etwa  das  2,5  fache  des  Wertes  der 
Koksausbeute  beträgt. 

Die  Steinkohlenschwelerei  dagegen  kann  zweierlei  Zwecken  dienen. 
In  erster  Linie  beabsichtigt  sie  nicht  eine  Teergewinnung,  sondern 
eine  Form  Veredlung  der  zwar  kalorisch  hochwertigen,  sortenmässig 
aber  minderwertigen  Feinkohlen  zu  einem  stückigen  rauchlosen 
Brennstoff.  Der  Wert  der  Teerausbeute  beträgt  daher  auch  hier 
nur  etwa  die  Hälfte  des  Halbkokswertes.  Erst  in  zweiter  Linie 
erfolgt  die  Verschwelung  zum  Zweck  der  Teergewinnung  aus  solchen 
Kohlen,  die  einen  feinkörnigen  Halbkoks,  ungeeignet  für  Haus- 
brand, liefern. 

Als  Schwelbraunkohle  ist  nach  dem  heutigen  Stand  jede  Rohkohle 
zu  bezeichnen,  deren  Teergehalt  eine  wirtschaftHche  Schwelung 
erlaubt.  Der  durchschnittliche  Teergehalt  der  im  Jahre  1926^ 
verschwelten  Braunkohlen  mit  55,3%  Wasser  betrug  7,6°o  oder 
bezogen  auf  wasserfreie  Kohle  17%.  Als  untere  wirtschaftliche 
Grenze  kann  eine  Ausbeute  von  14%  der  wasserfreien  Kohle  gelten. 
Ihre  genaue  Festsetzung  hängt  ab  vom  Rohkohlen-  und  Teerpreis, 
von  den  Kapital-  und  Betriebskosten  des  Schwelverfahrens  sowie 
vom  erzielbaren  Schwelkokspreis.  ^  Andere  Eigenschaften  der 
Braunkohle  als  der  Teergehalt  spielen  keine  Rolle. 

*Thau,  Die  Schwelung  von  Braun-  und  Steinkohle,  Seite  9. 

*Rosin,     Wirtschaftlichkeit     der     Braunkohlenstaubfeuerung,     Braunkohle 
1927,  Seite  382  ff. 

938 


GERMANY:  COAL  PROCESSING 


o 

a 

1— 1 

u 

^ 

w 

-i-> 

H 

a> 

i-i 

"O 

M 

pq 

m 

< 

•2 

H 

a 

u 


9    0) 


V  Cd 


Ih  

ni  r: 

pq 


-^  rt 


So 


:5iS 


in  X  t~ 
00  in  in 
t^  t~  in 


m  in  in  in 
in  M-  »  Tf  CM  -^" 
m  -^  in  'T  CN  — 


000 
000 
in  r^  o 


000 
000 
o  in  M 


000000 
000000 
00  in  in  CO  to  t~- 

•>*    Tt    t~.    Tj-    CN    ^ 

000060 

000000 

in  o^  o  o  ■*  — 
■^  •*  t^  "*  M  — 


be 

c 

tn 

3 

,:<1 

c 

0 

ra 

^ 

^ 

0 

4i 
N 

JKi 

^ 

nj 

w 

0 

C/3 

<=i   en 


.^5  ^  ^ 

4=  ^  O 

O    O  _bj 

-«^  Ö 

C    C  D 

'S  'S  2 

c/5  c/5  w 


000  00 

inooooin'4'iM 
— '  —  —  xin-^  —  — 

oooooinoo 
oinoœc^jcsoo 


rt         2 


in  X     ro     to  o  «5  ro 


J2 
C 
1;  v        V        a; 

ccsscacs 


o  o 

o  C30  f~  « 


ex 


öiO  tn 

C   <ä 


O  ^        K        OJ 


O 

h   Cd 


in    00  CO  o  to 


4>  C; 

ü  Ü  Ü  2  W 

^  ^  2   o   en     . 

O    O    O  ^  ^  P 

-«^^  c  o  I 

,e  c  c  3  ^  c 

'S  'S  '5  [^  53  'S 

c/5  02  00  W  O  (/} 


939 


LOW-TEMPERATURE  CARBONISATION 


Kffi 


Ig"  ^ 

'^  E^  ni  s 

^     4)     In     S 

P    tn    3   C 
^  "S^S   o 


L5 


s  2  S 


5-^  c 


3.5 
D  o 

N     CO 


F 

-l-> 

e 

s  ^ 

^  ^ 

rr\ 

&C+^ 

^: 

C   iiJ 

•a 

3^ 

^ 

C   ^ 

•?.- 

C    to 

à: 

?^Ö 

X 

n    t 

-y 

1-    tt 

■^ 
^ 

>-^ 

:^.S^ 


T) 

tiO 

C 

•  c 

mS  5 

TJ 

d  c  ■  « 

bf,j=Xï 

nerzeu 
ftmasc 
srverar 

<ü 

3 

o  2.ti 

rt 

^ 

h-^  ^ 

^  a^ 

Ih 

-^  c 

VM 

^    C    OJ 

bo 

s    (D    C 

3 

erkehr 

Verb 

Ifeuer 

n3 

^.50 

O 

940 


GERMANY:  COAL  PROCESSING 

Als  Schwelsteinkohle  sind  der  vorausgeschickten  Bemerkung 
entsprechend  in  erster  Linie  alle  backenden  Feinkohlen''  mit  einem 
unteren  Teergehalt  von  etwa  6%  zu  bezeichnen,  deren  Formvered- 
lung eine  hinreichende  Wertsteigerung  gegenüber  dem  Rohstoff 
gewährleistet.  An  zweiter  Stelle  alle  feinkörnigen  nicht  backenden 
Steinkohlen,  deren  Teergehalt  einen  Gewinn  der  Schwelung  verbürgt. 

Der  Braunkohlenhalbkoks  fällt  bei  allen  von  Roh-  oder  Trocken- 
kohle ausgehenden  Schwelverfahren  als  Feinkörniges  unter  10  mm 
an.  Er  hält  20-25%  Asche,  und  der  hygroskopische  Punkt  liegt  bei 
6%  Wasser.  Zur  Vergasung  ist  er  in  dieser  Form  ungeeignet; 
Versuche  zu  seiner  Brikettierung  sind  noch  nicht  abgeschlossen. 
Die  Verfeuerung  auf  dem  Rost  hat  bis  jetzt  noch  nicht  befriedigt. 
Die  Brikettverschwelung  oder  die  Verschwelung  von  Nasspresslingen 
kann  stückigen  Koks  liefern,  jedoch  auch  seine  Verfeuerung  auf 
dem  Rost  lässt  noch  zu  wünschen  übrig.  Dagegen  ist  die  Staub- 
feuerung in  der  Lage,  ihn  mit  bestem  Wirkungsgrad  zu  verbrennen. 
Seine  Vermahlung  erfordert  etwa  20-22  kWh/t,  das  sind  50'^  o  mehr 
als  die  Vermahlung  getrockneter  Braunkohle.  Da  sein  Gehalt  an 
flüchtigen  brennbaren  Bestandteilen  durchschnittlich  10°o  beträgt, 
ist  eine  Ausmahlung  auf  0"o  Rückstand  auf  dem  Sieb  mit  900 
Maschen  je  cm^,  10°{,  Rückstand  auf  dem  Sieb  mit  4  900  Maschen 
je  cm^  notwendig,  damit  Zündfähigkeit  und  Elastizität  auch  in 
stark  wassergekühlten  Verbrennungsräumen  gut  bleiben. 

Steinkohlenhalhkoks.^  Für  stückigrn  Halbkoks,  der  im  Hausbrand 
gern  abgenommen  wird,  kommt  die  Verfeuerung  unter  dem  Kessel, 
obwohl  ohne  weiteres  möglich,  und  die  Vergasung  nicht  in  Betracht. 
Auch  die  Vermahlung  erstreckt  sich  nur  auf  den  dabei  als  Fein- 
kömiges  erhaltenen  Anteil.  Die  Zukunft  wird  jedoch  auch  mit 
der  Verschwelung  nicht  backender  Feinkohlen  und  ihrer  nach- 
herigen Vermahlung  zur  Kesselbeheizung  zu  rechnen  haben.  Der 
Kraftbedarf  der  Vermahlung  trockenen  Halbkokses  liegt  etwas 
höher  als  der  getrockneter  Rohsteinkohle. 

Der  Braunkohlenschwelteer  ist  dem  Geldwert  nach  das  Haupt- 
erzeugnis der  Schwelung  und  besteht  aus  einem  Gemisch  organischer 
Verbindungen,  in  dem  die  Kohlenwasserstoffe  vorherrschen.  Die 
wertvollsten  darin  enthaltenen  Körper  sind  das  Paraffin  (20-25 °{)) 
und  das  Leichtöl  (9-10%). 

'Cantieny,  Der  gegenwärtige  Stand  der  Steinkohlenschwelung  in  Deutsch- 
land, Z.V.D.I.  1925,  Seite  547. 

*Müller,    Über    Schwelkoks    aus    Steinkohle,    seine    Herstellung    und    seine 
Verwendung,  Z.V.D.I.  1926,  Seite  1605. 
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Der  Steinkohlenschwelteer  besteht  aus  etwa  1/3  Pech  und  2/3  ölen, 
in  denen  35-40%  Teersäuren  (Phenole)  enthalten  sind. 

Braimkohlenschwelgas.  Menge  und  Zusammensetzung  hängen  in 
weiten  Grenzen  vom  Schwelverfahren  ab.  Während  die  Spülgas- 
verfahren das  Schwelgas  meistens  wegen  seiner  Verdünnung  verloren 
geben  müssen,  erzeugen  die  Retortenöfen  ein  Schwelgas,  das  in 
ungereinigtem  Zustand  etwa  4  000  cal/m^,  in  gereinigtem,  von 
Kohlensäure  und  Schwefelwasserstoff  befreitem  Zustand  5000cal/m^ 
oberen  Heizwert  besitzt. 

Das  Steinkohlenschwelgas  ist  ebenfalls  verschieden  nach  dem 
Verfahren.  Technisches  Gas  hat  etwa  7  500  cal/m^,  in  gereinigtem 
Zustand  bis  zu  8  000  cal/m^  oberen  Heizwert. 

Das  Brainkohler  Schwelwasser  ist  das  lästigste  Abfallprodukt  der 
Schwelerei.  Es  setzt  sich  zusammen  aus  der  Feuchtigkeit  der 
Schwelkohle  sowie  aus  dem  Zersetzungswasser,  das  erst  bei  der 
Schwelung  frei  wird  und  noch  8-10%  der  wasserfreien  Kohle  aus- 
macht. Trockenkohle  von  15  %  Wasser  gibt  also  bis  25%  Schwel- 
wasser. Es  enthält  hierbei  1-2%  gelöster  organischer  Verbindungen, 
hauptsächlich  mehrwertige  Phenole  an  Ammoniak  gebunden  und 
Fettsäuren.  Wegen  seines  üblen  Geruchs  und  seiner  Schädlichkeit 
sind  umfangreiche  Massnahmen  zur  Reinigung  vorgeschrieben,  die 
sich  durch  Wiedergewinnung  der  gelösten  Stoffe  nur  zum  Teil 
bezahlt  machen  können. 

Stei  kohlenschwelwasser  ist  ebenfalls  ein  lästiges  Abfallprodukt 
mit  Phenolen  und  Ammoniak.  Da  aber  auch  bei  feuchter  Kohle 
nur  geringe  Mengen  im  Verhältnis  zu  Braunkohle  anfallen  und  das 
Zersetzungswasser  nur  2-3%  beträgt,  sind  die  Betriebsschwierig- 
keiten auch  nur  ein  Bruchteil  der  der  Braunkohlenschwelereien. 

Die  Braunkohlenschwelung  gewinnt  aus  dem  Rohstoff  wertvolle 
öle  und  bewirkt  ausserdem  noch  eine  kalorische  Veredlung  des  festen 
Rückstandes.  Für  die  nachfolgende  Staubfeuerung  ist  dabei  die 
feine  Körnung  nur  ein  Vorteil.  Der  hohe  Aschengehalt  berührt  die 
Staubfeuerung  bei  geeigneter  Konstruktion  nicht.  Bei  hinreichen- 
dem Teergehalt  kann  also  das  mit  einer  Kohlenveredlung  gekuppelte 
Elektrizitätswerk  einen  im  Vergleich  zu  Rohbraunkohle  verbilligten 
Brennstoff  von  höherem  Heizwert  eintauschen.  Andererseits  ist 
aber  auch  die  Schwelerei  infolge  des  sinkenden  Teergehaltes  der 
Rohkohlenvorkommen  in  zunehmendem  Masse  auf  einen  Erlös  aus 
dem  Schwelkoks  angewiesen.  Der  Absatz  von  Braunkohlen- 
grudekoks im  Hausbrand  lässt  sich  erfahrungsgemäss  nicht  mehr 
steigern,  geht  sogar  zurück.  Im  Jahre  1926  wurden  in  Deutschland 
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etwa  1 55  000  t  Braunkohlenschwel-  und  Generatorteer  verar- 
beitet und  die  Schwelkoksmenge,  die  gerade  vom  Hausbrand 
aufgenommen  wurde,  betrug  406  000  t.  Für  das  Jahr  1928  kaim 
die  verarbeitete  Teermenge  auf  235  000  t  geschätzt  werden  bei 
einem  Schwelkoksanfall  von  600  000  t,  so  dass  der  Überschuss 
über  den  Hausbrandbedarf  200  000  t  beträgt.  Neu  entstehende 
Schwelereien  sind  daher  darauf  angewiesen,  ihren  Koks  zu  ange- 
messenem Preis  unterzubringen,  wobei  der  Erlös  sicher  geringer  ist 
als  die  bisher  im  Hausbrand  bezahlten  Preise.  An  der  Absetz- 
barkeit ihres  Schwelkokses  hängt  bei  nicht  überreichen  Teeraus- 
beuten heute  die  Wirtschaftlichkeit  jeder  Schwelerei. 

Die  Steinkohlenschwelung  dagegen  hat  in  erster  Linie  die  Form- 
veredlung feinkörniger  Kohle  zu  Hausbrandzwecken  im  Auge,  mit 
der  trotz  der  Beseitigung  von  Rauch-  und  Russbelästigung  eine 
geringe  kalorische  Minderung  gegenüber  dem  Rohstoff  verbunden  ist. 
Im  Gegensatz  zum  Grudekoks  ist  der  Hausbrand  heute  noch  für 
wachsende  Mengen  an  Steinkohlenhalbkoks  ein  wiUiger  Käufer, 
Die  Kupplung  mit  dem  Elektrizitätswerk  als  Erschliessung  eines 
Koksabsatzgebietes  ist  für  die  wenigen  Steinkohlenschwelereien 
Deutschlands  heute  noch  kein  Bedürfnis,  da  sie  den  Koks  im  Haus- 
brand als  Anthrazitersatz  zu  viel  besseren  Preisen  absetzen  als 
das  Elektrizitätswerk  im  Wettbewerb  mit  der  Rohkohle  jemals 
zahlen  könnte.  Das  Kupplungsbedürfnis  wird  erst  eintreten,  wenn 
feinkörnige,  nicht  backende  Sorten  wegen  ihres  hohen  Teergehaltes 
verschwelt  werden. 

Das  Schwelkraftwerk. — Auf  Grund  dieser  Zusammenhänge 
ist  heute  die  Verbindung  von  Schwelung  mit  Elektrizitätserzeugung 
in  erster  Linie  ein  Feld  der  Braunkohle  und  hat  zu  einer  Kupplung 
geführt,  die  den  Namen  Schwelkraftwerk  trägt.  Diese  Kupplung 
ist  auch  wegen  der  notwendigen  Trocknung  der  Braunkohle,  die 
mit  Abdampf  oder  Abwärme  des  Elektrizitätswerkes  geschehen 
kann,  eine  viel  innigere  als  bei  der  Steinkohle,  wo  eine  Vortrocknung 
selten  in  Frage  kommt. 

Trocknung  und  Schwelung  brauchen  Heizgas,  Dampf  und  Strom. 
AUe  drei  kann  das  Elektrizitätswerk  liefern,  Heizgas  in  Form  von 
Kesselabgasen,  Dampf  als  Anzapf-  oder  Gegendruckdampf,  Strom 
insbesondere  in  den  Perioden  der  Schwachlast.  Die  Schwelerei 
gekuppelt  mit  dem  Elektrizitätswerk  erzeugt  als  Hauptprodukt 
Teer,  als  Nebenprodukte  Schwelkoks  und  Schwelgas,  als  Abfallstoff 
Schwelwasser.  Das  Kraftwerk  braucht  den  Schwelkoks  als  Brenn- 
stoff. Das  Schwelgas  kann  entweder  im  Schwelereibetrieb  zur 
Beheizung  der  Schwelöfen   verwendet   werden,    wird   aber  besser 
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zur  Versorgung  umliegender  Gemeinden  oder  Hochtemperatur- 
industrien nutzbar  gemacht  und  im  eigenen  Betrieb  durch  biUigeres 
Generatorgas  aus  Stückkohle  ersetzt.  Nur  das  Schwelwasser  ist 
heute  noch  reines  Abfallprodukt,  da  es  als  Kesselspeisewasser 
ungeeignet  ist.  Jedoch  können  die  Rauchgase  des  Kraftwerkes 
nutzbringend  zu  seiner  Reinigung  und  teilweisen  Beseitigung 
herangezogen  werden,  da  die  darin  enthaltene  schweflige  Säure 
einen  günstigen  Einfluss  hat,  wobei  das  Schwelwasser  seinerseits 
wieder  ein  Mittel  zur  Nassentstaubung  der  flugstaubreichen  Staub- 
feuerungsgase und  zur  Unschädlichmachung  der  darin  enthaltenen 
schwefligen  Säure  ist. 

Die  Kupplungsmöglichkeiten  sind  also  mannigfach  und  werden 
in  jedem  Fall  von  den  örtlichen  und  betrieblichen  Sonderver- 
hältnissen beeinflusst.  Da  aber  die  Schwelerei  in  der  Kupplung 
die  untergeordnete  Rolle  spielt  und  als  Diener  des  Kraftwerkes 
auftritt,  gibt  es  eine  ganze  Reihe  allgemein  gültiger  Grundsätze, 
die  den  Charakter  der  Kraftwerks-Schwelerei  bestimmen. 

1.  Das  Schwelv^erfahren  muss  so  betriebssicher  sein,  dass  man  den 
Aufbau  eines  Kraftwerkes  auf  ihm  verantworten  kann. 

2.  Das  Schwelverfahren  muss  einen  Koks  liefern,  der  die  besten 
Eigenschaften  für  die  Staubfeuerung  der  Kraftwerkskessel  besitzt; 
er  muss  trocken  gelöscht  und  doch  nicht  selbstentzündlich  sein.  Er 
soll  möglichst  leicht  vermahlbar  sein  und  einen  Gehalt  an  brennbaren 
flüchtigen  Bestandteilen  besitzen,  der  für  die  Elastizität  der  Kessel- 
feuerungen hinreichend  ist. 

3.  Das  Schwelverfahren  muss  so  angelegt  sein,  dass  auch  bei 
Störungen  oder  Ausbesserungen  der  Schwelanlage  und  Teerverar- 
beitung, femer  auch  beim  Abbau  teerarmer  Kohlenschichten  oder 
bei  schlechtem  Teerabsatz,  wo  die  Schwelung  verlustbringend  wäre, 
man  in  einfacher  Weise,  ohne  die  Brennstoffversorgung  des  Kraft- 
werkes zu  stören,  von  der  Schwelung  absehen  und  der  Kraft werks- 
mahlanlage  Trockenkohle  zuführen  kann.  Trocknung  und 
Schwelung  dürfen  also  nicht  so  miteinander  verbunden  sein,  dass 
die  erste  nicht  ohne  die  zweite  möglich  wäre.  Es  muss  jederzeit 
ein  betrieblicher  Schnitt  zwischen  ihnen  gemacht  werden  können. 

4.  Grosse  Durchsätze  müssen  in  billigen  Öfen  erreicht  werden. 
Die  Anlagekosten  der  Schwelung  und  Teergewinnung  sind  an  sich 
schon  hoch  und  müssen  daher  durch  grosse  Einheiten  erniedrigt 
werden.  Denn  man  muss  auch  mit  höheren  Abschreibungen  rechnen 
als  sonst  übhch,  da  die  heutigen  Schwelverfahren  und  Schwelöfen 
in  kurzer  Zeit  schon  überholt  sein  können,  so  dass  sie  den  Wett- 
bewerb mit  neueren  nicht  mehr  aufzunehmen  imstande  sind.    Die 
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Ära  der  Grosschwelung  beginnt  eben  erst  und  ihre  Fortschritte 
sind  heute  noch  nicht  zu  übersehen.  Auch  lässt  sich  noch  kein 
Urteil  darüber  bilden,  in  welcher  Richtung  die  Hydrierungsverfahren 
die  Wirtschaftlichkeit  der  Schwelung  beeinflussen  werden.  Ganz 
allgemein  ist  die  Kupplung  ein  Vorrecht  grosser  Elektrizitätswerke,  so 
dass  man  heute  schon  Schwelöfen  sucht,  die  einen  täglichen  Durch- 
satz von  1  000  und  mehr  t  in  24  Stunden  je  Einheit  haben. 

5.  Das  Schwelverfahren  muss  auch  die  mulmige  Feinkohle  ver- 
schwelen können,  deren  Anteil  in  der  Förderung  oft  erheblich  ist. 
Gerade  für  sie  sind  die  Wirkungsgradsteigerungen  durch  Veredlung 
gegenüber  der  Rostverfeuerung  am  grössten,  die  Wirtschaftlichkeit 
ihrer  Veredlung  also  am  ehesten  geboten. 

6.  Trotz  der  verlangten  grossen  Durchsätze  darf  nur  das  Min- 
destmass an  Schwelwasser  entstehen.  Die  Schwelerei,  die  ein 
100  000  kW-Kraftwerk  mit  Schwelkoks  aus  15%iger  Trocken- 
kohle versorgt,  wird  bei  halber  Kraftwerksbelastung  etwa  450  m^ 
Schwelwasser  täglich  erzeugen  und  sehr  grosse  Kosten  für  die 
Reinigung  aufzuwenden  haben.  Da  allein  das  bei  der  thermischen 
Zersetzung  freiwerdende  Konstitutionswasser  8-10%  der  Trocken- 
substanz beträgt,  soll  wenigstens  die  der  Schwelung  vorausgehende 
Trocknung  nahezu  restlos  sein,  da  die  im  Trockner  abgegebenen 
Brüden  nach  der  Entstaubung  als  reiner  Wasserdampf  anstandslos 
in  die  Atmosphäre  austreten  dürfen. 

7.  Für  die  Vermahlung  ungesch welter  Trockenkohle  ist 
ein  Wassergehalt  zwischen  10  und  15*^0  ^^n  wirtschaftlichsten. 
Weitergeführte  Trocknung  vermindert  zwar  den  Kraftbedarf  der 
Mühle  und  steigert  ihre  Leistung,^  jedoch  nicht  in  dem  Masse,  dass 
der  höhere  Kapitaldienst  der  Trocknung  hierdurch  aufgewogen 
wird.  Die  Vereinigung  der  Forderungen  3  und  6  verlangt  daher, 
dass  man  die  dem  Schwelverfahren  vorgeschaltete  Trocknung  sowohl 
restlos  trocknen,  wie  auch  bei  einem  Feuchtigkeitsgehalt  von 
15%  unterbrechen  kann,  um  der  Kraftwerksmahlanlage  Trocken- 
kohle ausschliesslich  oder  nur  teilweise  zu  liefern.  Für  diese 
Zwecke  muss  also  auch  eine  Kühlanlage  für  Trockenkohle  vorgesehen 
sein,  um  die  unliebsamen  Kondensationsschwierigkeiten  unge- 
kühlter  Trockenkohle  zu  vermeiden. 

8.  Das  Schwelverfahren  muss  verlustfrei  arbeiten.  Es  darf  weder 
das  Schwelgas  noch  das  darin  enthaltene  Benzin  verloren  geben. 

*Rosin-Rammler,  Kraftbedarf  von  Kohlenstaubmühlen,  Archiv  für 
Wärmewirtschaft  1925,  Seite  289, 

Rosin-Schulz,  Kraftbedarf  von  Kohlenstaubmühlen  in  Abhängigkeit  von 
Belastung,  Mahlbarkeit  und  Mahlfeinheit,  Archiv  für  Wärmewirtschaft 
1927,  Nr.  3. 
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Die  selbständige  Schwelerei  mag  dergleichen  tun,  wenn  der  Teer- 
gehalt der  Kohle  und  ein  hoher  Hausbrandpreis  des  Kokses  es 
gestatten.  Die  Kraft werksschwelerei  aber  steht  im  Wettbewerb 
mit  der  Verfeuerung  von  Rohkohle  und  ist  daher  gezwimgen,  mit 
jeder  Kalorie  zu  rechnen. 

9.  Das  Schwelverfahren  muss  unempfindlich  genug  sein,  damit 
nicht  die  durch  die  Kupplung  darauf  übertragenen  und  den 
Belastungsänderungen  des  Kraftwerkes  entstammenden  Schwankun- 
gen es  ungünstig  beeinflussen  oder  ganz  aus  dem  Betrieb  werfen. 
Es  muss  sich  also  der  Betriebsweise  des  Kraftwerkes  anpassen 
können. 

Umgekehrt  erwachsen  auch  dem  Kraftwerk  eine  Reihe  neuer 
Aufgaben  durch  die  Kupplung  mit  der  Schwelerei.  In  erster  Linie 
ist  es  die  Umstellung  auf  Staubfeuerung  in  allen  Fällen,  wo  nicht 
ein  stückiger  Halbkoks  auf  dem  Rost  verbrannt  wird,  was,  wie 
mehrfach  erwähnt,  zu  den  Seltenheiten  gehört.  Auf  die  konstruk- 
tive Ausbildung  der  Staubfeuerung  kann  hier  nicht  eingegangen 
werden,^"  nur  auf  die  grundlegenden  Änderungen  in  der  Anlage 
und  auf  besondere  Eigenheiten,  die  durch  die  Verwendung  von 
Schwelstaub  entstehen,  sei  hingewiesen.  Da  Schwelstaub  ein 
aschereicher  Brennstoff  ist,  wird  die  weitgehende  Wasserkühlung 
der  Verbrennungskammern  zur  Notwendigkeit,  da  er  aber  auf  der 
anderen  Seite  ein  gasarmer  Brennstoff  ist,  muss  die  Kühlung 
durch  hohe  Luft  vorwärmung  ausgeghchen  werden.  Hierdurch  fallen 
wiederum  die  Economiser  fort,  die  durch  Vorwärmung  mit  Ent- 
nahmedampf nach  dem  Regenerativverfahren  ersetzt  werden. ^^ 

Ein  Teil  der  Maschinen  läuft  bei  Dampftrocknung  auf  Gegendruck- 
oder Anzapfdampf,  wird  also  durch  möghchst  hohe  Dampfdrücke 
den  Wirkungsgrad  der  Kupplung  zu  verbessern  suchen.  Die 
Zwischenüberhitzung  kann  entweder  durch  Dampf  oder  in  den 
Kühlflächen  der  Verbrennungskammem  vorgenommen  werden. 
Das  erstere  ist  aus  verschiedenen  Gründen,  besonders  bei  grösseren 
Anlagen,  stets  vorzuziehen. 

Besonders  wichtig  ist  die  Überlegung  zweckmässigster  Vorrats- 
bunkerung, die  geeignet  ist,  das  Stoffspeicherproblem  in  neuem 
Licht  aufzurollen.  Jede  Hintereinanderschaltung  verschiedener 
Verfahren  vermehrt  ja  grundsätzHch  die  Zahl  der  Störungsmöglich- 
keiten,   denen    man    durch    die    Zwischenschaltung   hinreichender 

^"Hunzinger,  Einfluss  der  Kohlenstaubfeuerung  auf  den  Bau  von  Elek- 
trizitätswerken, Z.V.D.I.   1926,  Nr.  40  u.  42. 

i^Diese  Vorwärmung  geschieht  am  besten  in  drei  Stufen,  die  oberste  durch 
Entnahmedampf  aus  den  Maschinen,  die  zweite  Stufe  durch  Gegendruck- 
dampf, die  dritte  mittels  Vorwärmung  durch  die  Trocknungsbrüden. 

946 


GERMANY:  COAL  PROCESSING 

Vorräte  zwischen  die  einzelnen  Abschnitte  begegnen  muss.  Auch 
die  Elastizität  erleidet  durch  die  Hintereinanderschaltung  eine 
Einbusse,  da  der  Anlauf  des  Brennstoffs  bis  zum  Kessel  viel  weiter 
ist.  Das  Höchstmass  an  Sicherungen  wären  Bunker  für  Rohkohle 
vor  dem  Nassdienst,  für  Trockenkohle  vor  der  Schwelung,  für 
Schwelkoks  vor  der  Mahlanlage,  bei  zentraler  Mahlanlage  für 
Schwelstaub  in  der  Mahlanlage  vor  den  Staubpumpen,  und  schliess- 
lich über  dem  Kessel.  Für  die  Trocknung  war  die  Forderung 
restloser  Wasserentziehung  vor  der  Schwelung  erhoben  worden.  In 
diesem  Zustand  ist  jedoch  eine  Bunkerung  sehr  schwierig.  Wegen 
der  Selbstentzündlichkeit  und  der  unvermeidlichen  Kondensation 
müsste  vor  der  Bunkerung  gekühlt  werden.  Hierbei  nimmt  aber 
die  Kohle  entsprechend  ihrem  hygroskopischen  Punkt  wieder  bis 
zu  10%  Wasser  auf.^^  Daher  ist  eine  Bunkerung  von  Trockenkohle 
nur  unter  der  Voraussetzung  durchführbar,  dass  die  Trocknerei  in 
zwei  Abschnitten  arbeitet,  nämlich  von  grubenfeuchter  Kohle  herab 
auf  15°o,  das  zweite  Mal  von  15  auf  0%  mit  sofort  anschliessender 
Schwelung.  Dazwischen  liegen  Kühlhaus  und  Bunker.  Obwohl 
infolge  der  Abkühlung  diese  Zweiteilung  einen  geringen  thermischen 
Verlust  bedingt,  so  ist  sie  doch  bei  Dampf trocknung  von  grösseren 
Vorteilen  begleitet,  da  die  erste  Trocknungsstufe  mit  Dampf  von 
1-1 ,5  atü  durchzuführen  ist,  während  in  der  zweiten  Stufe,  um  nicht 
zu  grosse  Trockenapparate  zu  bekommen,  3  atü  verwendet  werden. 
Man  gewinnt  also  durch  die  Zweiteilung  an  vorgeschalteter  Energie 
und  verringert  die  Anlagekosten. 

Am  entscheidendsten  für  die  Bunkerverteilung  ist  jedoch  die 
Überlegung  der  notwendigen  Speicherung  zur  Wahrung  der  Elastizi- 
tät. Wenn  das  letzte  Glied  in  der  Reihe  gekuppelter  Betriebe 
Lastschwankungen  erfährt,  so  pflanzen  sie  sich  bei  ungenügender 
Speicherung  durch  die  ganze  Kette  fort  bis  zum  ersten  Glied. 
Hierdurch  wird  der  Wirkungsgrad  jedes  einzelnen  Prozesses  ver- 
mindert und  sein  Kapitaldienst  entsprechend  der  unzulängUchen 
Belastungskurve  erhöht.  Viele  Verfahren  lassen  aber  eine  solche 
Schwankung  betrieblich  gar  nicht  zu,  weil  sie  ihrem  Wesen  und 
Aufbau  nach  auf  gleichmässige  Betriebsweise  zugeschnitten  sind. 
Man  scha  tet  ja  schon  in  kleinen  Fabriken  zwischen  Turbinen  und 
Kessel  Dampfspeicher,  um  durch  Femhalten  der  Maschinen- 
schwankungen den  Wirkungsgrad  der  Dampferzeugung  zu  erhöhen 
und  den  Kapitaldienst  des  Kesselhauses  zu  erniedrigen.  Die 
Lastschwankungen  vieler   Elektrizitätswerke    sind  sprichwörtlich, 

^^Rammler,    Kohlenstaubfeuerung   und   hygroskopische   Eigenschaften   der 
Braunkohle. 
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und  bei  ungenügender  Speicherung  müssten  diese  Schwankungen 
sich  auf  alle  vorgeschalteten  Verfahren  gleichermassen  auswirken. 
Ganz  abgesehen  davon,  dass  bei  unvorhergesehenen  Anforderungen 
an  Strom  die  Elastizität  stark  litte,  da  die  Anlauf-  und  Auslauf- 
zeiten aller  Verfahren  sich  an  den  Maschinen  summieren,  gehören 
gerade  Trocknung  und  Schwelung  in  ihrer  heutigen  Bau-  und 
Betriebsweise  zu  den  ausgesprochen  kontinuierlichen  Verfahren. 

Es  soll  hier  nicht  untersucht  werden,  ob  und  auf  welche  Weise  ein 
lastschwankender  Betrieb  auch  bei  ihnen  möglich  wäre;  selbst 
dann  wäre  wahrscheinlich  noch  die  Zwischenschaltung  eines  grossen 
Stoffpuffers  immer  noch  billiger  als  die  Übertragrmg  des  niedrigen 
Ausnutzungsgrades  des  Elektrizitätswerkes  auf  die  ganze  teure 
Schw'elanlage.  Man  wird  also  diesen  Speicher  da  anordnen,  wo  man 
die  Lastschwankungen  der  Stromlieferung  abfangen  will.  Hierbei 
fällt  auch  die  Entscheidung  über  Einzel-  und  Zentralmahlanlage. 
Die  Einzelanlage  muss  alle  Schwankungen  mitmachen,  hat  also 
denselben  schlechten  Belastungs-  und  Ausnutzungsgrad  wie  das 
Kraftwerk,  der  vielfach  nur  einschliesslich  der  Reserven  30*^o 
beträgt.  Hierzu  kommt  noch,  dass  der  Arbeitsbedarf  unterbelasteter 
Mühlen  stark  steigt  und  bei  den  meisten  Sichtverfahren  die 
Feinheit  sinkt.  Es  obliegt  der  Kalkulation,  zu  entscheiden,  ob 
nicht  die  Zentralmahlanlage  trotz  höherer  Anlagekosten  kraft 
ihres  geringeren  Reservebedürfnisses  und  ihrer  gleichmässigen 
Belastung  die  billigere  Einzelmahleinheit  mit  höherem  Reserve- 
bedarf und  schlechter  Ausnützung  aus  dem  Felde  schlägt. 

Die  Steinkohlenschwelereien  sind  in  der  Frage  der  Stoffspeicherung 
besser  daran  als  die  Braunkohlenschw^elereien,  denn  bei  Spitzen- 
leistungen, denen  die  Schwelanlage  nicht  gewachsen  ist,  kann  ohne 
weiteres  die  Rohkohle,  wenn  sie  nicht  zu  feucht  ist,  der  Mahlanlage 
unter  Umgehung  der  Schwelanlage  zugeführt  und  im  Kessel  ver- 
brannt werden.  Muss  die  Rohkohle  vor  der  Vermahlung  getrocknet 
werden,  so  kann  immer  eine  gewisse  Speicherung  von 
Trockenkohle  gehalten  werden.  Die  Verhältnisse  liegen  hier 
viel  günstiger,  da  wegen  des  geringeren  Wassergehaltes  die 
Forderung  restloser  Vortrocknung  nicht  so  dringend  und  die 
Vortrocknung  überhaupt  für  die  Vermahlung  nicht  so  langwierig 
ist.  Allerdings  empfiehlt  es  sich,  auch  hier  bei  Bunkerung 
grösserer     Trockenkohlemengen     ein     Kühlhaus    vorzusehen. 

Eine  besondere  Möglichkeit  der  Stoffspeicherung  und  Spitzen- 
deckung besonders  bei  gasarmem  Schwelstaub  ist  der  Zusatz  von 
Schwelgas  zur  Staubfeuerung.  Hierzu  muss  allerdings  ein  Gasüber- 
schuss  über  den  Eigenbedarf  der  Schwelung  und  ein  entsprechender 
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Gasbehälter  vorhanden  sein.  Wenn  auch  die  Staubfeuerung  im 
allgemeinen  ausserordentlich  elastisch  ist,  so  hat  unter  Umständen 
doch,  besonders  bei  unzureichender  Koks-  oder  Staubspeicherung, 
der  Gaszusatz  den  Vorteil  sofortiger  Bereitschaft.  Die  gleichzeitige 
Verbrennung  von  Staub  und  Gas  verursacht  bei  geeigneter  Kon- 
struktion keine  Schwierigkeiten. 

Die  Kupplungsmöglichkeiten  werden  im  Braunkohlenwerk  durch 
die  Art  des  Trocken-  und  Schwelverfahrens  bestimmt  und  weisen 
andere  Gesichtszüge  auf,  je  nachdem  Dampf trocknung  oder 
Feuergastrocknung  mit  selbständiger  Feuerung  oder  mit  abgezapften 
bezw.  aufgefrischten  Kesselabgasen  oder  durch  eine  mit  der 
Schwelung  zusammenhängende  Beheizung  vorgesehen  ist.  Aus 
diesem  Grunde  ist  es  auch  unmöglich,  Einheitsziffern  für  die  Krafter- 
zeugung bezogen  auf  die  t  Rohkohle  zu  geben,  da  diese  ausserdem 
noch  vom  Anfangsdruck  der  Kessel,  vom  Gegendruck  der  Maschinen 
und  vom  Eigenbedarf  der  Trocknung  und  Schwelung  abhängen. 
Im  allgemeinen  spielt  auch  der  thermische  Haushalt  in  den  Braun- 
kohlenwerken infolge  der  billigen  Rohkohle  eine  untergeordnete 
Rolle  gegenüber  dem  Kapitaldienst.  Als  Mittelwert  der  ver- 
schiedenen Verfahren,  die  sich  weniger  thermisch  als  in  ihren 
Anlagekosten  unterscheiden,  kann  man  im  gekuppelten  Schwel- 
kraftwerk je  t  Rohkohle  300  kWh  erzeugen,  braucht  also  auf  den 
oberen  Heizwert  der  Rohkohle  bezogen  etwa  8  800  cal /kWh,  eine 
Zahl,  die  selbstverständHch  nur  relative  Bedeutung  hat.  Bei 
Verfeuerung  von  Rohkohle  auf  Rosten  im  selbständigen  Kraftwerk 
werden  unter  ähnlichen  Bedingungen  etwa  425  kWh  t  Rohkohle 
erzeugt  mit  einem  Wärmebedarf  von  6  400  cal  je  kWh.  Betrachtet 
man  also  ausschliesslich  den  thermischen  Gesamtwirkungsgrad 
der  Elektrizitätserzeugung,  bezogen  auf  Rohkohle,  so  erreicht 
das  Schwelkraftwerk  nur  3/4  des  reinen  Rohkohlen werkes,  trotz 
aller  thermischen  Ersparnisse,  die  mit  dem  durch  Trocknung  und. 
Staubfeuerung  erzielten  höheren  Wirkungsgrad  der  Kessel  verbunden 
sind.  Das  ist  selbstverständlich,  da  die  Entziehung  von  Teer  und 
Gas  für  das  Elektrizitätswerk  einen  thermischen  Verlust  bedeutet, 
so  dass,  nur  vom  thermischen  Standpunkt  aus  betrachtet,  die 
vorhergehende  Schwelung  ein  thermischer  Rückschritt  um  etwa 
25%  ist.  Diesen  thermischen  Verlust  und  die  ganzen  Anlage-  und 
Betriebskosten  der  vorgeschalteten  Trocknung,  Schwelung  und 
Mahlanlage,  die  Mehrkosten  für  Staubfeuerung  müssen  die  Erzeug- 
nisse der  Schwelung,  in  erster  Linie  der  Teer,  bestreiten.  Es 
genügt  also  nicht,  dass  die  Teerausbeute  nur  den  eigentlichen 
Schwelereibetrieb  erhält,   sie  hat  darüber  hinaus  auch  noch  den 

949 


L OW- TEMPERA T URE  CARBONISA TION 

thermischen  Rückschritt  der  Krafterzeugung  und  die  durch  die 
Kupplung  verursachten  Mehrkosten  im  Kraftwerk  zu  decken. 
Die  Höhe  dieser  Ansprüche  bestimmt  den  unteren  Teergehalt  der 
Rohkohle,  bei  dem  eine  Kupplung  noch  wirtschaftlich  ist.  Nach 
ausführlichen  Berechnungen,  die  an  anderer  Stelle  veröffentlicht 
wurden^^,  ergibt  sich  für  heutige  Verhältnisse  Abb.  8.  In  ihr  ist 
angenommen,   dass   dem   Kesselhaus   des    Kraftwerkes   durch   die 


Abb.  8. — Schwelstaubpreise. 

Einführung  der  Staubfeuerung  keine  zusätzlichen  Lasten  gegenüber 
Rohkohlenbetrieb  erwachsen,  dass  also  Anlage-  und  Betriebskosten 
des  Staubkesselhauses  unter  Berücksichtigung  der  hohen  Dampf- 
leistung, der  Raum-  und  Reserveersparnis,  die  gleichen  sind  wie 
die  des  Rohkohlenkesselhauses.  Abhängig  vom  Rohkohlenpreis 
errechnet  sich,  ausgewertet  in  der  strich-punktierten  Linie,  ein 
zulässiger  Preis  für  Schwelstaub,  wenn  die  Kupplung  gegenüber 

^^Rosin,     Wirtschaftlichkeit    der    Braunkohlenstaubfeuerung,     Braunkohle 
1927,  Seite  382  ff, 

950 


GERMANY:  COAL  PROCESSING 

dem  reinen  Rohkohlenbetrieb  noch  wirtschaftlich  sein  soll.  Die 
Ordinate  des  Diagramms  gibt  dann  den  Preis,  den  der  im  Schwel- 
kraftwerk hergestellte  Staub  unter  Anrechnung  verschiedener 
Teerausbeuten  tatsächlich  kostet.  Die  Kupplung  ist  wirtschaftlich, 
wenn  der  tatsächliche  Staubpreis  niedriger  ist  als  der  zulässige. 
Die  Strich-punktierte  Linie  teilt  also  das  Gebiet  in  eine  unterhalb 
des  zulässigen  Staubpreises  liegende  wirtschaftliche  und  eine 
darüber  liegende  unwirtschaftliche  Zone  ein.  Die  strich-punktierte 
Linie  ist  aber  nur  der  Wert  des  Ausgabengleichwichtes,  wirft  aber 
noch  keinen  Gewinn  ab.  Man  muss  bedenken,  dass  die  der  Rechnung 


-Schwelstoubherstel^. 
.  Mahltrvcknung 
.  Âbmtrocknung 
.selbstst  Trocknung 
-Dampftrocknung 


Abb.   9. — Spanne    zwischen    zulässigem    und    tatsächlichem    Staubpreis. 

zugrunde  gelegten  Teerpreise  natürlichen  oder  gewaltsamen,  heute 
noch  nicht  zu  übersehenden  Schwankungen  unterworfen  sein  werden, 
und  dass  die  Bewertung  der  Schwelprodukte  mit  der  Vermehrung 
der  Schwelereien  sich  ändern  wird.  Das  gilt  besonders  für  das 
Paraffin,  dessen  Absatz  sich  nicht  mehr  wesentlich  steigern  lässt. 
Abb.  9  gibt  daher  einen  besseren  Eindruck,  indem  sie  die  Gewinne 
je  t  gemahlenen  Brennstoff  anzeigt,  die  durch  die  Veredlung 
erzielt  werden  können.  In  aller  Deutlichkeit  beweist  das  Diagramm, 
dass  im  wirtschaftlichen  Wettbewerb  mit  Rohkohle  die  nur  ther- 
misch-mechanische Veredlung  durch  Staubherstellung  nicht  ausreicht , 
um  die  Mehrkosten  zu  decken,  dass  vielmehr  erst  die  Gewinne  aus 


951 


LOW-TEMPERATURE  CARBONISATION 

der  Schwelung  von  einem  gewissen  Teergehalt  an  die  wirtschaftliche 
Kupplung  gestatten,  durch  die  eine  Verbilligung  der  kWh  gegenüber 
dem  Rohkohlenbetrieb  eintritt.  Braunkohlenschwelung  und  Staub- 
feuerung sind  also  aufeinander  angewiesen:  Die  erste  um  einen 
Abnehmer  für  den  Schwelkoks  zu  besitzen,  die  zweite,  um  durch 
den  Gewinn  aus  Teer  die  höheren  Kosten  der  Staubherstellung  zu 
bezahlen  und  sich  so  die  betrieblichen  Vorteile  der  Staubfeuerung 
wirtschaftlich  zu  ermöglichen.  Die  teerreichen  Rohkohlen  müssen 
nun  mehr  und  mehr  im  Tiefbau  gewonnen  werden,  wodurch  ihre 
Gestehungskosten  auf  RM  3 — 5  steigen  gegenüber  dem  Tagebau, 
wo  schon  Selbstkosten  von  RM  1  je  t  vorkommen.  Hierdurch 
werden  natürlich  der  Kupplung  immer  schärfere  wirtschaftliche 
Bedingungen  auferlegt.  Man  entnimmt  dem  Bild,  dass  bei  einem 
Gestehungspreis  der  Braunkohle  von  RM  4  im  Tiefbau  und  einer 
Teerausbeute  von  7%  eine  Ersparnis  von  RM  1,56/t  verfeuerten 
Schwelstaub  im  Kraftwerk  gegenüber  Rohkohlenbetrieb  erzielt 
wird.  Da  mit  einer  t  Schwelstaub  im  gekuppelten  Werk  etwa 
1 100  kWh  erzeugt  werden,  so  bedeutet  der  Gewinn  eine  Verbilligung 
der  kWh  um  0,143  Pfg.  Bei  der  unmittelbaren  Verbrennung 
von  Rohkohle  werden  je  1  000  kWh  etwa  2,5  t  Rohkohle  ver- 
braucht. Bei  einem  Tagebaupreis  von  RM  2,00  am  Kessel 
sind  die  reinen  Kohlenkosten  von  1  000  kWh  RM  5,00;  die 
Ersparnis  von  RM  1 ,43  bedeutet  also  eine  tatsächliche  Verringe- 
rung der  Brennstoff  kosten  um  28%,  die  noch  bedeutend  höher  ist, 
wenn  die  Schwelkohle  ebenfalls  im  Tagebau  zu  diesem  billigen 
Preis  gewonnen  wird. 

Beim  Braunkohlenkraftwerk  machen  aber  die  Brennstoffkosten 
bei  billigem  Tagebau  nur  einen  kleinen  Teil  der  Erzeugungskosten 
der  kWh  aus,  während  besonders  bei  schlechten  Belastungskurven 
die  Kapitalkosten  überwiegen.^*  Daher  wird  über  die  Senkung 
des  Brennstoffkontos,  die  eine  Schwelung  bei  ausreichendem 
Teergewinn  mit  sich  bringt,  die  Kupplung  umso  wirtschaftlicher 
sein,  je  eher  sie  die  Kapitalkosten  des  Kraftwerks  zu  mindern 
versteht.  Diese  sind  aber  eine  Folge  der  schwankenden  Belastung 
und  der  nächtlichen  Täler.  Hier  steht  also  die  Kupplung  vor  ihrer 
wichtigsten  Aufgabe,  die  Kraftwerke  in  ihrem  Kampf  gegen  die 
Schwachlasten  zu  unterstützen,  und  hierin  liegen  ganz  neue 
Möglichkeiten,  die  zu  entwickeln  die  selbständigen  Schwelereien 
bisher  keinen  Anlass  hatten.  Zur  leichteren  und  schnelleren 
Bewältigung  der  Spitzen  trägt  die  Staubfeuerung  mit  ihrer  grossen 

^*Königsheim,  Der  Einfluss  der  Schwelerei  auf  die  Wirtschaftlichkeit  von 
Braunkohlenkraftwerken,  Elektrizitätswirtschaft  1926,  Nr.  414. 
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Elastizität  wesentlich  bei,  und  ein  Übriges  kann  bei  der  plötzlichen 
Hereinnahme  neuer  Kessel  ein  Zusatz  von  Schwelgas  tun.  Aber  in 
der  Aufnahme  von  Schwachlasten,  insbesondere  von  Nachtstrom, 
vei sagen  die  bisherigen  Schwelverfahren.  Obwohl  alle  bisher 
bekannten  Schwelprozesse  als  kontinuierlich  ausgebildet  wurden, 
muss  man  die  Möglichkeit  erwägen,  sie  gewissermassen  zum  Kraft- 
speicher der  Elektrizitätswerke  heranzuzüchten.  Ein  Weg  hierzu 
wäre  die  Schwelung  mit  überhitztem  Dampf.  Viele  Versuche,  mit 
Dampf  zu  schwelen,  haben  gezeigt,  dass  Dampf  teer  vorzüglich  und 
die  Ausbeute  besonders  hoch  ist.  Trotzdem  hat  man  bisher  von 
der  Dampf  Schwelung  abgesehen,  da  sie  für  selbständige  Schwelereien 
zu  teuer  ist.  Dieser  Einwand  fällt  fort,  sowie  es  sich  um  eine 
Kupplung  mit  dem  Kraftwerk,  das  billigen  Abdampf  liefert,  handelt. 
Man  könnte  also  theoretisch  an  eine  Dampfschwelung  denken,  die 
gewissermassen  als  Dampfspeicher  ausgebildet,  die  Belastungstäler, 
insbesondere  die  nächtlichen  Schwachlasten,  aufnimmt.  Aber  dem 
stehen  ernste  Bedenken  gegenüber.  Die  Umwandlung  der 
Schwelverfahren  aus  kontinuierlichen  in  unterbrochene  wäre  kein 
unüberwindliches  Hindernis,  aber  die  grossen  Schweldampfmengen 
müssen  in  der  Teergewinnung  kondensiert  werden,  wobei  Schwel- 
wasser entsteht,  das  für  die  Kesselspeisung  als  Rücklauf kondensat 
verloren  ist.  Abgesehen  von  den  schon  erwähnten  Schwierigkeiten 
der  Schwelwasserbeseitigung  erwächst  dem  Kraftwerk  die  Notwendig- 
keit, dauernd  grosse  Mengen  frischen  Kesselspeisewassers  bereit- 
zustellen, was  bei  den  steigenden  Anfangsdrücken  immer  teuerere 
Wasserreinigungs-  und  Verdampferanlagen  bedingt.  Das  zweite 
Hindernis  ist  die  Überlegung,  dass  man  durch  ein  solches  Verfahren 
die  Schwachlasten  der  Kessel  einfach  auf  die  Schwelanlage  überträgt, 
die  in  ihrer  Gesamtheit  noch  teurer  ist  als  das  Kesselhaus.  Entlastet 
wird  also  nur  das  letztere,  da  ja  die  Turbinen  nach  wie  vor  den 
Stromschwankungen  folgen. 

Reizvoll  ist  daher  der  Gedanke  elektrischer  Schwelverfahren,  bei 
denen  auch  die  Kraftwerksmaschinen  gleichmässig  belastet  bleiben. 
Man  darf  hierbei  über  den  thermischen  Umwandlungsprozess  von 
Kohle  über  Halbkoks  und  Dampf  in  Elektrizität  und  wieder  zurück 
in  Wärme  nicht  erschrecken.  Sicher  ist  er  verlustreich,  wenn  auch 
nur  um  den  Wirkungsgrad  der  Generatoren  schlechter  als  die 
Dampf  Schwelung,  bei  der  ja  auch  die  gesamte  Verdampfungswärme 
in  der  Teerkondensation  vernichtet  wird.  Aber  eine  Ersparnis  an 
Kapitalkosten  kann  bei  billiger  Kohle  selbst  recht  schlechte  ther- 
mische Wirkungsgrade  vertragen.  Bei  vollkommener  Vortrock- 
nung ist  der  Wärmeaufwand    der  Schwelung  etwa  200  000   cal/t 
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wasserfreie  Kohle.  Unter  Einrechnung  der  Leitungs-  und  Strah- 
lungsverluste des  Ofens,  die  sehr  gering  zu  halten  sind  und  unter 
Berücksichtigung,  dass  die  Abgasverluste  beim  elektrischen  Schwel- 
verfahren fortfallen,  ist  mit  einem  praktischen  Wärmeaufwand 
einschliesslich  des  Wirkungsgrades  der  elektrischen  Maschinen 
von  250  000  cal/t  wasserfreie  Kohle  oder  290  kWh  zu  rechnen. 
Erzeugt  werden  hierbei  0,57  t  Schwelkoks,  die  wiederum  unter 
Berücksichtigung  des  teilweisen  Gegendruckbetriebes  der  Trocknung 
627  kWh  liefern.  42%  der  Krafterzeugung  werden  also  für  die 
Schwelung  beansprucht,  und  bei  ausreichenden  Bunkern  für 
Halbkoks  kann  auch  eine  höhere  Strommenge  in  die  Schwelanlage 
hineingeschickt  werden.  Man  wird  hierbei  als  Stoffspeicher 
genügende  Behälter  für  den  Rohteer  vorsehen,  um  die  Teerweiter- 
verarbeitung von  den  Schwankungen  des  Schwelereibetriebes 
abzuschalten.  Die  konstruktive  und  betriebliche  Ausbildung  eines 
elektrischen,  unstetig  und  mit  schwankender  Belastung  arbeitenden 
Schwelverfahrens  erscheint  möglich.  Hierdurch  kommt  man  in 
die  Lage,  Stromtäler  und  Schwachlasten  mit  der  Schwelanlage 
aufzufangen  und  dem  gesamten  Kraftwerk  zu  einem  besseren 
Belastungs-  und  Ausnutzungsgrad  zu  verhelfen.  Nur  der  Schwelofen 
und  die  Resttrocknung  arbeiten  noch  unter  wechselnder  Last, 
während  Haupttrocknung,  Mahlanlage,  Kesselhaus  und  Maschinen 
unter  konstanter  Belastung  stehen.  Dieser  Gedanke  sei  hier  nicht 
weiter  ausgestaltet,  da  er  noch  keine  praktische  Form  gewonnen 
hat,  und  es  heute  noch  nicht  zu  übersehen  ist,  ob  das  Kraftwerk 
selbst  unter  Wegfall  der  Kapital-,  Betriebs-  und  Veredlungskosten 
sowie  der  Leerlaufskohlenkosten  für  die  Schwachlastperioden  die 
kWh  zu  einem  so  billigen  Preis  abgeben  kann,  wie  ihn  die  Schwelerei 
im  Wettbewerb  mit  anderen  Schwel-  und  Beheizungsarten  zahlen 
kann.  Er  sollte  nur  als  Beispiel  dafür  dienen,  wie  durch  die  Kupp- 
lung zwischen  Kohlenveredlung  und  Elektrizitätserzeugung  ganz 
neue  Möglichkeiten  technischer  und  wirtschaftlicher  Natur  auf 
den  Plan  gerufen  werden.  An  den  heute  betriebenen  oder  entwor- 
fenen Kupplungen  ist  die  Verflechtung  noch  nicht  so  weit  gediehen, 
obwohl  gerade  in  der  Braunkohle  das  Schwelkraftwerk  schon 
Anzeichen  eines  ausgesprochen  eigenartigen  Typus  erkennen  lässt. 

Beispiele  von  Schwelkraftwerken. — Die  einfachste  Form 
einer  Schwelkraftkupplung  ist  die  Vorschaltung  am  Dampfkessel, 
bei  der  die  Kohlen  in  einem  vorgebauten  Schwelschacht  mittels 
abgesaugter  heisser  Kesselgase  entgast  werden.  Der  Halbkoks 
fällt  auf  den  Wanderrost.    Als  Beispiel  dieses  von  der  J.  Pintsch 
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Abb.  10. — Schwelwerk  Minna- Anna  bei  Gölza 


955 


LOW-TEMFERATURE  CARBONISATION 

1  Fördermaschinenliaus,  werktägliche  Rohkohlenförderung  1  020  t. 
Wassergehalt  der  Tiefbaukohle  50"o- 

2  Schachtgebäude  und  Kaue. 

3  Nassdienst, 

4  Rohkohlenlager. 

5  Trockendienst,  3  Trockner  mit  je  1  600  m^  Heizfläche,  Dampfdruck 
3  atü. 

(3  Teergewinnung  8  stehende  Geissenöfen  mit  je  I  10  t  Rohkohlen- 
durchsatz in  24  Stunden,  Teergehalt  der  Rohkohle  12",,-  Schwel- 
kokslieferung aller  Öfen  in  24  Stunden  210  t.  Schwelgasmenge  in  24 
Stunden  64  000  m^  davon  Eigenverbrauch  der  Öfen  44  000  m3=69*îo- 

7  Kokskühlanlage,  2  hintereinandergescfialtete  liegende  Röhrenkühler 
für  o.xydierende  Trockenkühlung. 

8  Koks  Verladeanlage. 

9  Koksmahlanlage  mit  2  Lösche-Mühlen  mit  je  7,5  t  stündlichem 
Durchsatz. 

10  Kraftwerk.  3  stehende  Linke-Hofmann-Schwelstaubkessel.  Dampf- 
leistung je  Kessel  stündlich  17,5  t  normal,  21  t  maximal.  In  den 
Kesseln  werden  37°,,  abgesiebter  Trockenkohlenstaub  und  63% 
Schwelstaub  verfeuert.  Dampfdruck  25  atü.  2  Gegendruckturbinen 
von  je  1  750  Kilowatt.     Gegendruck  3,5  atü. 

1 1  Werkstatt. 

12  Magazin. 

13  Lokomotivschuppen 

14  Gleiswaage. 

15  Wasserturm. 
i6-19  Wasseraufbereitung 

20  Verwaltungsgebäude. 

21  Garage. 

22  Laboratorium. 

23  Ledigenheim 

24  iMeisterhäuser. 
25-38  Chemische  Fabrik. 

A.-G.  beschrittenen  Weges  sei  die  Anlage  im  Reichsbahnwerk 
Brandenburg- West  genannt. ^^  Hier  werden  in  zwei  500  m- 
Kesseln  die  Braunkohlenbriketts  vorgeschwelt  und  60  Vq  ihres 
Teergehaltes  gewonnen,  während  das  entteerte  Spülgas  mit  einem 
Heizwert  von  1  700  cal  m^  dem  Kessel  wieder  als  Hilfsfeuerung 
zugeleitet  wird.  Das  Verfahren  ist  nur  geeignet  für  nicht  zu 
feuchte,  stückige,  wenig  zerreibliche  Brennstoffe,  wie  nicht  backende, 
stückige  Steinkohlen-  und  Braunkohlenbriketts.  Es  ist  als  ausge- 
sprochener Zusatzbetrieb  zu  werten,  der  nicht  den  Anspruch  auf 
vollkommene  Entteerung  macht,  es  aber  gestattet,  mit  geringen 
Anlagekosten  einen  Teil  des  Teeres  vor  der  Verbrennung  zu  gewinnen. 
In  seinem  Wesen  liegt  es,  dass  es  nur  für  Grundlastkessel  Verwendung 
finden  kann. 

Das  eigentliche  Braunkohlenschwelkraftwerk  ist  erst  in  den 
letzten  2  Jahren  in  Deutschland  entwickelt  worden,  macht  aber 
schnelle  Fortschritte.  Zur  Zeit  befinden  sich  schon  eine  ganze 
Anzahl  grosser  Anlagen  in  der  Planung  oder  im  Bau.     Im  Betrieb 

^*Landsberg,    Braunkohlenschwelung    in    Verbindung    mit    Kesselfeuerung 
Braunkohle  1928,  Seite  21. 
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Abb    II. — Schwelwerk  Minna- Anna  bei  Gölzau 
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steht  bereits  das  Schwelkraftwerk  Minna-Anna  bei  Gölzau,  das  im 
Auftrag    der    Kohlenveredlungsgesellschaft    von    der    Allgemeinen 


Abb.    12. — Linke-Hotmann-Staubkesse!  im  Scliwelwcrk  (.olzau. 


Elektrizitäts-Gesellschaft    gebaut    wurde. ^^     Die    Abbildungen    10 
und  1 1  zeigen  die  gesamte  Anordnung  und  den  Materialfluss  von  der 


'M.  Mitteilung  der  A.E.G.  1928,  Schwelwerk  Gölzau. 
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Grube  bis  zur  Mahlanlage.  Interessant  ist  die  Verwendung 
neuartiger  Staubkessel  der  Linke-Hofmann-Werke  (Abb.  12  u.  13), 
in  denen  der  alte  Gedanke  Bettingtons  eine  organische  Einheit 
kohlenstaubgefeuerter  Dampferzeuger  geschaffen  hat.  Gölzau  ist 
in  erster  Linie  als  reines  Schwelwerk  und  nicht  als  Schwelkraftwerk 
gedacht,  da  es  den  für  die  eigene  Energieerzeugung  nicht  benötigten 


Abb.    13. — Linke-Hof mann-Staubkessel  im  Schwelwerk  Gölzau. 


Koks  verkaufen  wird.  Der  Übergang  zum  Schwelkraftwerk 
würde  aber  an  der  grundsätzlichen  Planung  nichts  ändern.  Die 
Mahlanlage  müsste  vergrössert  werden  und  das  eigentliche  Kraftwerk 
mit  Staubkesseln  und  Kondensationsmaschinen  den  Koks  aufnehmen, 
der  jetzt  verkauft  wird.  Die  thermische  Kupplung  des  Schwel- 
kraftwerkes nach  den  oben  entwickelten  Gesichtspunkten  ist  auch 
im  eigentlichen  Schwelwerk  schon  durchgeführt. 
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Wie  neuartig  der  Typus  des  Schwelkraftwerkes  aber  werden  kann, 
zeigen  die  Abb.  14  und  15,  die  ein  Projekt  der  Kohlenveredlungs- 
gesellschaft mit  stehenden  Geissenöfen   und    neuen  Staubkesseln 


a  '  Halbkoks  oder  Trockenstaub 
b- Halbkoks 


c  -  Generator 

d  -  Teerkondenaation 


Abb.    14  u.    15. — Entwurf  eines  Braunkohlen-Schwelkraftwerkes.     (Kohlen- 
veredlungs-Gesellschaft.) 


wiedergeben.^'^  Für  die  Beheizung  der  Schwelöfen  ist  hier 
Generatorgas  vorgesehen,  um  das  Schwelgas  der  Fem  Versorgung 
zuzuleiten.     Abb.  16  zeigt  schHesslich  die  Planung  eines  90  000  kW 


^^Löbinger,  Gewinn  aus  Kohle,  Seite  34. 
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Abb.    16. — Entwurf  eines  Steinkohlen- Schwelkraftwerkes  90  000  kW 
lenscheidungs-Gesellschaft) . 


(Koh- 


Steinkohlen-Schwelkraftwerkes  nach  einem  Entwurf  der  Kohlen- 
scheidungs-Gesellschaft.  Das  Bild  gibt  einen  guten  Eindruck  der 
grundsätzlichen  Anordnung  und  der  gegenseitigen  Raumver- 
hältnisse. Für  die  Trocknung  sind  Feuergastrockner  vorgesehen, 
so  dass  im  Kraftwerk  nur  Kondensationsmaschinen  laufen.     Die 
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Schwelanlage  besteht  aus  12  Drehöfen  Bauart  Kohlenscheidung^"* 
mit  einem  Durchsatz  von  je  75  t  täglich.  Sie  werden  ebenfalls 
mit  Generatorgas  geheizt,  um  das  hochwertige  Schwelgas  freizu- 
machen. Die  thermische  Kupplung  ist  infolgedessen  viel  loser  als 
in  den  Braunkohlenschwelkraftwerken  und  besteht  im  wesentlichen 
nur  darin,  dass  das  Kraftwerk  den  Koks  der  Schwelerei  laufend 
abnimmt.  Das  Stoffspeicherproblem  ist  hierbei  im  Sinne  der 
früheren  Ausführungen  so  gelöst,  dass  die  Mahlanlage  den  Kesseln 
Staub  aus  vorgetrocknet  verschweltem  Koks,  ungetrocknet  ver- 
schweltem Koks,  getrockneter  Rohkohle  und  ungetrockneter 
Rohkohle  liefern  kann.  Der  Puffer  liegt  in  der  Mahlanlage,  die 
so  gross  bemessen  ist,  dass  drei  Mühlen  im  durchlaufenden  Betrieb 
den  Brennstoff  bedarf  der  Kessel  decken,  so  dass  ausser  der  Staub- 
speicherung  über  dem  Kessel  auch  die  Mühlenbunker  mit  den 
Reservemühlen  plötzliche  Spitzen  aufnehmen  können.  Eine 
Reserve  kann  in  der  Ausrüstung  einiger  Kessel  mit  Schwelgas- 
brennern, die  aus  dem  Gasbehälter  gespeist  werden,  herangezogen 
werden. 

Andere  Kupplungsgattungen. — Die  vorliegende  Arbeit  befasst 
sich  dem  Thema  gemäss  ausschliesslich  mit  der  Kupplung  zwischen 
Kohlenveredlung  und  Elektrizitätserzeugung.  Daneben  gibt  es 
noch  eine  ganze  Reihe  anderer  Kupplungsgattungen,  die  wirt- 
schaftlich aussichtsreich  sind.  Hier  ist  vor  allem  die  Dreifach- 
kupplung zwischen  Schwelung,  Kokerei  oder  Gasanstalt  und 
Elektrizitätswerk  zu  nennen.  Überall  trennt  heute  ein  scharfer 
Schnitt  die  Gas-  und  Elektrizitätsversorgung  der  Städte.  Hier 
liegt  unter  Heranziehung  der  Schwelung,  Verwendung  des  Halb- 
kokses zur  Wassergaserzeugung  und  Mischung  mit  dem  hochwertigen 
Schwelgas  zum  Anschluss  an  das  städtische  oder  Ferngasnetz, 
Verstaubung  des  Feinkornkokses  unter  den  Kesseln  der  Elektrizitäts- 
werke und  schliesslich  noch  Belieferung  des  Hausbrandes  mit 
rauchlosem,  stückigem  oder  brikettiertem  Halbkoks  noch  ein 
weites  und  kaum  betretenes  Feld  technischer  und  wirtschaftlicher 
Kupplungsmöglichkeiten  vor  uns. 

Anschriften  der  genannten  Autoren. 

1.  Cantieny,  Dr.,    Direktor,    Kohlenscheidungs-Gesellschaft  m.b.H.,    Berlin 

NW  7,  Friedrichstrasse  100. 

2.  Geissen,  Direktor,  Kohlenveredlung  A,-G.,  Berlin  NW  40,  Roonstrasse  9. 

3.  Kaspers,  Rheinisches  Braunkohlen-Syndikat,   Köln  a.Rh. 


i«Cantieny,  Z.V. D.I.  1925,  Seite  547. 

c31  961 


LOW -TEMPERATURE  CARBONISATION 

4.  Königsheim,    Direktor,    Kohlenveredlung   A.-G.,    Berlin   NW    40,    Roon- 

strasse  9. 

5.  Krisch,  Bergassessor,  Rheinische  Braunkohlen  A.-G.,  Köln  a.Rh. 

6.  Landsberg,  Dr.,  Eisenbahnoberrat,  Eisenbahnzentralamt,  Berlin  SW    1 1, 

Hallesches  Ufer. 

7.  Löbinger,  Direktor,  Allgemeine  Elektrizitäts-Gesellschaft,  Berlin  NW  40, 

Friedrich  Karl-Ufer  2-4. 

8.  Müller,  Dr.,  Stinnes-Zechen,  Essen-Ruhr. 

9.  Hunzinger,    Dr.,    Direktor,  Allgemeine   Elektrizitäts-Gesellschaft,    Berlin 

NW'  40,  Friedrich  Karl- Ufer  2-4. 

10.  Zur  Nedden,  Reichskohlenrat,  Berlin  W  15,  Ludwigkirchplatz  3-4. 

11.  Rammler,  Dr.,  Staatliche  Hüttenwerke,  Freiberg  i. Sa. 

12.  Rosin,  Dr.,  Dresden-N  6,  Bautzner  Strasse  86. 

13.  Thau,  Dr.,  Direktor,  A.  Riebeck'sche  Montanwerke  A.-G.,  Halle  a. Saale, 

Riebeckplatz. 

14.  Vigener,      Direktor,     Zentralverband     der     Preussischen     Dampfkessel- 

Überwachungs-Vereine,  Halle  a. Saale,  Seebener  Strasse  177. 


962  c31 


GERMANY:  COAL  PROCESSING 


THE      POSSIBILITIES      OF      CO-ORDINATION      BETWEEN      COAL 
PROCESSING    AND    THE    PRODUCTION    OF    ELECTRICITY 

Dr.   p.   Rosin 

(English  Translation) 

Principles  of  Co-ordination. — The  term  "technical  co-ordination"  implies 
not  merely  the  operation  of  various  processes  in  the  same  locality  and  at  the 
same  time,  but  denotes  their  mutual  constructional,  operative  and  economic 
interlocking.  There  are  certain  general  principles  which  govern  all  co-ordina- 
tions. 

1.  The  final  result  of  any  co-ordination  must  be  economically  advantageous. 
As  various  products  are  obtained  the  total  balance  must  refer  to  the  final 
product,  by  taking  all  profits  from  by-products  into  account.  The  only 
criterion  of  economic  success  is  the  lowering  of  the  cost  of  the  main  product, 
on  this  basis,  compared  with  the  cost  in  independent  works.  Co-ordination 
should,  however,  never  serve  to  assist  unsatisfactory  processes  at  the  cost  of 
a  reduction  in  the  profits  of  a  co-ordinated  works.  The  main  product  of  the 
co-ordination  of  coal  processing  and  power  stations  is  the  kilowatt-hour 
(kWh.).  This  must  be  cheaper,  according  to  the  ultimate  balance  sheet, 
than  in  independent  power  stations.  The  test  of  any  such  co-ordination  is, 
therefore,  the  price  of  the  kWh.  when  using  the  cheapest  fuel  obtainable  in 
the  locality. 

2.  The  fundamental  basis  for  the  establishment  of  a  co-ordination  scheme  is 
the  decision  as  to  which  of  the  processes  to  be  co-ordinated  is  to  be  dominant, 
and  which  requirements  are  essential  and  are,  therefore,  not  amenable  to  the 
concessions  which  are  inevitable  when  various  operations  are  mutually 
combined.  In  our  case  the  dominant  factor  is  represented  by  the  demands 
for  current  which  must  be  supplied  to  the  mains  from  the  electric  power 
station.  These  demands  must  be  inevitably  and  immediately  met,  and 
everything  else  must  be  subordinated  to  this  requirement.  All  operations 
co-ordinated  with  a  central  electric  power  station  must,  therefore,  be  ab- 
solutely adapted  to  this  necessity,  and  must  sacrifice  their  own  independence 
to  this  consideration  to  a  greater  or  smaller  extent. 

3.  The  essential  purpose  of  co-ordination  is  to  utilise  as  many  as  possible  of 
the  main,  intermediate  and  by-products  of  the  various  processes  usefully 
and  inter-dependently.  By  this  means,  on  the  one  hand,  the  purchase  of 
such  materials  from  without,  and  the  profit  to  others  from  such  transactions, 
are  avoided,  and  on  the  other  hand,  the  economic  success  of  very  many  pro- 
cesses depends  on  a  sufficient  outlet  for  their  by-products  and  waste  products, 
which  are  frequently  technically  and  economically  incapable  of  transportation 
but  may  serve  as  valuable  raw  materials  for  the  co-ordinated  process. 

4.  In  every  co-ordination  scheme  the  endeavour  should  be  made  to  neutralise 
the  economic  weaknesses  of  the  individual  processes  by  suitable  combination 
of  the  various  operations.     Many  electric  power  stations  are  subject  to  such 
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a  weakness  in  the  form  of  a  variable  load,  more  particularly  by  the  occurrence 
of  sudden  peak  loads,  and  particularly  of  oflf-peak  loads  at  night.  The  co- 
ordination with  a  fuel  process  will  be  of  value  to  the  electric  power  station  to 
the  degree  to  which  it  facilitates  supply  of  the  peak  load  requirements  and  the 
increase  of  the  average  load.  An  essential  aid  in  this  direction  is  afforded  by 
the  economic  possibility  of  methods  by  means  of  which  the  adaptability  of 
the  power  station  is  raised,  such  as  firing  by  pulverised  fuel. 

Compliance  with  these  principles  frequently  entails  an  entire  alteration  in 
the  design  of  the  subordinate  works  participating  in  the  co-ordination,  as  com- 
pared with  their  design  when  they  are  to  beoperated  independently;  whilst  when 
operating  independently  they  bear  the  stamp  of  self-contained  constructional 
and  functional  units,  when  co-ordinated  they  become  subordinate  members  of 
an  organic  whole.  Their  construction  and  operation  are  now  determined 
from  fresh  standpoints.  Requirements  become  dominant  which  would  be 
inapplicable,  or  even  uneconomic,  for  an  independent  process,  but  which 
increase  the  economic  success  of  the  combination  under  the  co-ordinated 
conditions. 

Limits  are,  therefore,  set  to  the  possibilities  of  co-ordination  by  the  unchange- 
able peculiarities  of  the  individual  processes,  which  can  only  be  haxmonised 
to  a  certain  degree.  Beyond  these  limits,  either  the  economy  of  the  individual 
process  falls  to  such  an  extent  that  it  affects  the  economic  soundness  of  the 
whole  combination,  or  the  relationships  between  the  various  operations  become 
so  complicated  that  the  safety  of  the  whole  is  endangered;  for  each  co- 
ordination of  essentially  different  processes  renders  organisation  the  more 
difficult,  the  more  intimate  is  the  co-ordination  in  a  vertical  direction.  On  the 
other  hand,  simple  association  in  parallel,  which  cannot  be  considered  as 
true  co-ordination,  sacrifices  many  technical  and  economic  advantages  in 
favour  of  simplicity  and  safety  of  working.  The  idea  of  ideally  complete 
co-ordination,  which  is  frequently  very  attractive,  cannot,  therefore,  be  realised 
in  practice.  In  the.  production  of  electricity  in  particular,  the  dominant  law 
is  the  reliability  of  current  supply,  and  this  alone  determines  the  permissible 
measure  of  co-ordination,  both  vertically  and  horizontally. 

Thus,  co-ordination  with  a  coal  or  lignite  process  must  not  prejudice 
the  safety  and  reliability  of  operation  of  an  electric  power  station  in  any  way. 

Coal  Processing  Defined. — The  term  "coal  (or  lignite)  process"  is  fre- 
quently understood  to  denote  any  treatment  by  which  the  raw  material, 
coal  or  lignite,  is  converted  into  an  improved  solid  form  from  the  standpoint  of 
heat  production.  Such  a  definition  is,  however,  not  sufficiently  comprehensive. 
Frequently  such  a  process  leads  to  the  production  of  a  solid  residue  which 
constitutes  the  main  product  by  weight,  but  which  has  a  diminished  value 
compared  with  that  of  the  raw  material.  In  such  a  case  the  coal  or  lignite 
is  not  improved  as  a  solid  fuel,  but  products  of  greater  value  have  been  re- 
covered from  the  raw  material.  I,  therefore,  propose  under  the  term  of  "coal 
processes"  to  include  all  processes  which  produce  from  the  raw  material 
coal  or  lignite,  any  improved  products  in  solid,  liquid  or  gaseous  form,  to- 
gether  with   intermediate    and    waste    products.'      This    definition   in   itself 

^Zur  Nedden,  Wirtschaftsfragen  der  Entgasung  und  Vergasung  (Economics 
of  de-gasification  and  gasification);  Z.V. D.I.,  1925,  p.  521.  (For  addresses, 
see  Appendix  to  this  Paper.) 
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indicates  the  object  of  co-ordination,  namely,  the  useful  application  of  by- 
products as  fuel  and  raw  materials;  for  the  economic  advantage  of  most  coal 
processes  depends  on  outlets  for  the  by-products.  As  all  such  processes  are 
adapted  to  the  attainment  of  the  best  properties  of  the  main  products,  the 
by-products  are  often  of  inferior  quality.  If,  on  the  one  hand,  the  power 
station  is  able  to  utilise  these  by-products  by  special  methods,  the  coal  process, 
on  the  other  hand,  must  be  subordinated  to  the  industrial  necessities  of  the 
production  of  electric  power.  These  are  the  essential  conditions  ox 
co-ordination. 

Coal  processes  may  be  mechanical,  thermo-chemical,  or  a  combination  of 
these. 

Types  of  Processes. — Mechanical  processes  include  any  operations  which 
effect  a  purification,  sorting,  moulding  (briquetting) ,  or  diminution  in  size 
(pulverisation).  In  cases  of  fuels  with  a  high  percentage  of  water— such  as 
German  lignites,  which  contain  50  to  60  per  cent,  of  moisture — briquetting 
and  pulverisation  must,  however,  be  preceded  by  a  thermal  process  in  the 
form  of  drying.  Even  when  simply  screening  the  coal  a  certain  co-ordination 
with  the  electricity  supply  is  carried  out,  particularly  at  the  pits,  in  the  sense 
that  those  qualities  which  are  inevitably  higher  in  ash  and  smaller  in  size  are 
burnt  under  the  boilers  of  electric  supply  stations,  and  in  this  way  assist  the 
profitable  sale  of  the  more  valuable  fractions.  This  variety  of  co-ordination 
is,  however,  very  loose  and  one-sided,  as  the  only  necessity  is  that  the  boiler 
furnaces  should  be  adapted  to  the  combustion  of  fuels  of  poor  quality  at  high 
efficiency.  In  this  direction,  firing  by  pulverised  fuel  has  been  of  considerable 
assistance.  The  preparation  of  such  pulverised  fuel  entails,  on  the  other 
hand,  no  obligations  towards  the  electricity  supply  service  beyond  the  supply 
of  the  necessary  quantities  of  fuel,  of  as  uniform  a  quality  as  possible.  This 
loosest  kind  of  co-ordination  assumes  the  co-operation  of  colUery,  coal  trade 
and  electricity  supply.  It  frequently  occurs  in  conjunction  with  utilisation  of 
coals  which  require  little  or  no  d  ying  before  pulverisation. 

The  co-ordination  becomes  closer  in  the  mechanical  treatment  of  lignites, 
in  consequence  of  the  very  considerable  preliminary  thermal  drying  operation 
which  is  essential,  and  which  is  carried  out  either  with  steam  or  with  gaseous 
fuel.  In  the  former  case,  back-pressure  supply  is  used  and  is  the  best  known 
example  of  thermo-mechanical  co-ordination,  whilst  in  the  latter  case  the 
boiler  flue  gases  may  be  used  for  drying,  and  a  co-ordination  thus  established 
between  the  operation  of  the  boilers  and  the  drying  process.  Therefore,  all 
briquette  works  combined  with  electric  power  stations— and,  more  particu- 
larly, lignite  power  stations  united  with  briquetting  works — already  illustrate, 
to  a  growing  degree,  far-reaching  co-ordination  between  the  thermo-mechanical 
treatment  of  fuel  and  electric  power  production.  It  is  true  that  there  is  an 
essential  difierence  in  their  mutual  relations.  The  main  product  of  a  briquett- 
ing works  is  the  briquette.  In  the  production  of  the  latter,  more  or  less 
surplus  energy  is  obtained,  due  to  the  necessary  quantities  of  steam  for  drying, 
and  which  depend  on  the  initial  and  back  pressure,  on  the  steam  consumption 
of  the  machines  and  the  electric  power  requirements  of  the  pit  and  the  works. 
The  dominant  operation  is,  however,  the  manufacture  of  the  briquettes. 
As  steam  drying  is  most  efficient  if  the  operations  are  carried  out  absolutely 
uniformly,  the  briquetting  works  will  not  modify  the  course  of  its  operations 
in  favour  of  any  fluctuations  in  the  electricity  supply  system.     In  fact,  when 
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a  dryer  is  out  of  action,  this  simply  reduces  the  quantity  of  energy  which  is 
supphed  to  the  supply  system.  This  is  the  cause  of  the  difficulty  in  finding 
an  outlet  for  such  excess  of  power  to  the  district  power  supply  systems.  The 
electric  power  stations  are  but  little  interested  in  the  absorbtion  of  outside 
power  loads,   which  merely  accentuate  their  own  inequalities  of  load  and 
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Fig.    1. — Power  production  per  metric  ton  of  crude  lignite  with  steam  drying 

and  dust  firing. 


Ordinales: 

Abscissae: 

Rohkohlenfeuchtigkeit 


Power  production  per  metric  ton  of  crude  lignite. 

Counter-pressure  of  steam  Pg  atm.  excess. 
=  Moisture  in  crude  lignite. 
=  kWh.  with  steam  drying. 

=  kWh.  when   firing   with   crude    lignite    and    con- 
densation. 


Figures  1-4. — 

Assumptions: 
Boiler  pressure 
Superheating 
Total  heat  of  steam 
Efficiency  of  dust-fired  boiler  ... 
Moisture  contents  of  fuel  dust 
Ho  of  dust  (calorific  value) 
Pressure  in  condensers  ... 
Steam  used  for  condensation  dk 
Heat  required  by  boiler 
Total     efficiency     of     power     production 
counter-pressure     ... 
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006    atm.    absolute. 
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increase  their  own  capital  charges.  According  to  the  calculations  of  N'igener,^ 
the  annual  German  production  of  35  million  tonnes  of  lignite  briquettes 
(assuming  an  initial  pressure  of  100  atm.,  and  550,000  installed  kW.)  could 
supply  excess  energy  to  the  annual  amount  of  4,000  million  kWh.  The 
above-mentioned  causes  have  hitherto  prevented  such  a  co-ordination  between 


45  50  55  60% 

RohkohlenfeuchtiQkett 

Fig-   2. — Heat  requirements  per  kWh.  with  steam  drying  and  dust  firing. 

Ordinates:     Heat  requirements  per  kWh. 
Abscissae:       Moisture  contents  in  crude  lignite. 

Rohkohlenkondens.  betrieb  =  Firing  with  crude  lignite  and  condensa- 

tion. 
Gegendruck  =  Counter-pressure. 

Staubbetr.  mit  Dampftrocknung     =  Dust  firing  with  steam  drying. 

briquetting  works  and  national  electric  power  supply,  and  have  also  been  the 
reason  that  the  briquetting  works  have  found  no  inducement  to  increase  the 
pressure  at  which  they  operate,  which  would  merely  increase  the  amount  of 
waste  power  so  long  as  they  have  no  opportunity  for  a  profitable  outlet  for 
the  latter. 


^Betrachtungen  über  die  wirtschaftlichen  Grenzen  des  Dampfdruckes  für 
die  deutsche  Braunkohlen-Brikett-Industrie  (Considerations  on  the 
ecomonic  limits  of  steam  pressure  for  the  German  lignite  briquetting- 
industry);  Braunkohle  1926,  p.  471.  i  » 
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The  conditions  are  much  more  favourable  in  the  case  of  a  briquetting  works 
directly  co-ordinated  with  an  electric  supply  station,  which  absorbs  its  excess 
energy.  In  this  case,  however,  the  power  station  is  the  dominant  partner. 
The  dominant  conditions  are  the  demands  for  current  supply,  to  which  the 
briquetting  works  must  be  subordinated.  The  load  fluctuations  in  the  power 
supply  mains  afiect  the  quantity,  pressure  and  temperature  of  the  back 
pressure  steam  and  the  drying  operations  are  affected  by  these  considerations. 
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Fig.   3. — Power  production  per  metric  ton  of  crude  lignite  when  drying  by  flue 
gases  and  dust  firing. 


Ordinates: 

Power  production  per  ton  of  crude  lignite 

Abscissae: 

Temperature  of  heating  gases. 

Dampftrocknung 

Steam  drying. 

Rohkohlenbetrieb 

Firing    with    crude    lignite. 

Independent  drying. 

Counter-pressure  process. 

Drving  by  waste  flue  gases. 

K 

Firing  with  crude  lignite. 

S 

Dust  firing. 

In  such  cases  it  is  advisable  to  operate  the  back  pressure  turbines  at  a  constant 
load  and  to  absorb  all  fluctuations  with  the  condensing  engines  in  order  not 
to  interfere  with  the  uniformity  of  the  operation  of  drying  the  lignite. 

The  most  favourable  conditions  for  co-ordination  of  this  kind  occur  in  bri- 
quette power  works  with  pulverised  fuel  firing,  for  in  this  case  the  capital 
charges  of  the  drying  plant,  which  represent  the  most  serious  factor  in  the 
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economics  of  pulverised-fuel  firing,  are  considerably  lower  in  consequence  of 
the  co-ordination  with  the  briquetting  works;  and,  moreover,  the  dust  con- 
tained in  the  dried  lignite,  which  can  be  separated  by  a  simple  screening 
process  and  united  with  the  dust  from  the  dust  catchers,  represents  a  consider- 
able asset  in  the  form  of  cheap  fuel,  whilst  the  quality  of  the  briquette  is  at 
the  same  time  improved.     In  such  lignite   power  stations,   therefore,   the 


fko/ 
S5ÛÛ 


500'    600'    700'  SOU' 
Heizgastempemtur 

Fig.   4. — Heat  requirements  per  kWh.  with  flue  gas  drying  and  dust  firing. 

Ordinates: 
Abscissae: 


K 

S 


Heat  requirements  per  kWh. 
Temperature  of  heating  gases. 
Independent  drying. 
Counter-pressure  process. 
Drying  by  waste  flue  gases. 
Firing  with  crude  lignite. 
Dust  firing. 


firing  by  dust  which  is  obtained  by  grinding  lignite  dried  by  steam  or  by 
flue  gases  competes  with  firing  by  unground  lignite. 

Figs.  1  to  4^  give  data  on  the  thermal  and  electrical  advantages  which  are 
obtainable  by  dust  firing,  for  drying  by  steam  or  flue  gases,  compared  with  the 
results  obtainable  with  raw  lignite.     In  spite  of  these  thermal  advantages. 


'Rosin,   Wirtschaftlichkeit   der    Braunkohlenstaubfeuerung    (Economics  of 
firing  by  lignite  dust);  Braunkohle  1927,  No.  18. 

Rosin,  Braunkohlen-  und  Schwelstaubfeuerung  in  Kraftwerken  (Lignite  and 
lignite-coke  dust  firing  in  power  stations);  Elektrizitätswirtschaft  No. 
430-431. 

969 


LOW -TEMP  ERAT  LI  RE  CARBONISATION 


^zfZZZ2é^ZZZZ2^ 


TTTni|i|i|l|l|l|l|l|l||Z^L,iZZ^|i|iM|i|MM'|i|'|i|i!i| I 


—  ..rrrrTHH"''''''''''''''''''''''''"''''  ' 

■'"^  II — rrT'i    IT  I   I — I — \ — r   I   I  I   tl  I 


Qrosskrafth/erk  und 

Braunkohlent/erk 

Böhkn, 


Fig.   5." — Power  and  Lignite  Works  at  Bohlen. 

1.  Three-divisional  crude  lignite  bunker;   capacity   10,000  metric  tons  with 

adjacent  preliminary  crushing  plant  and  belt  conveyors. 

2.  Screening  plant  consisting  of  four  screening  systems  with  two  crude 
lignite  mills,  with  a  throughput  of  approximately  1,000  metric  tons  per 
hour,  with  loading  contrivance  for  the  sorted  lignite. 

3.  Drying  shed  with  thirty-two  tubular  steam  dryers;  steam  pressure 
1  -5  atm.  excess  pressure;  output  of  each  dryer  5  metric  tons  of  dry  lignite 
per  hour. 

4.  Cooling  sheds  with  200  metric  tons  throughput  hourly. 
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Fig.   6. — Power  and  Lignite  Works  at  Bohlen. 
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5.  Grinding  plant  consisting  of  five  milling  units,  with  a  total  hourly  through- 
put of  60  metric  tons. 

6.  Briquette  pressing  shed  with  nineteen  single  presses  and  three  double 
presses,  with  a  capacity  of  2,000  metric  tons  daily. 

7.  Main  conduit  containing  high-pressure  steam  mains,  mains  for  conveying 
lignite  dust,  belt  conveyor  for  crude  lignite  and  water  mains. 

8.  Crude  lignite  boiler  house  with  eight  boilers  of  500  sq.  m.  grate  area,  with 
mechanical  stepped  grate  firing. 

9.  Dust-fired  boiler  house  with  two  sectional  boilers  of  2,000  sq.  m.  heating 
area,  with  six  inclined  tubular  boilers  each  of  1,500  sq.  m.  heating  area, 
air  preheaters  and  hydraulic  ash  remover. 

10.  Engine  house  with  three  high-pressure  turbines,  two  of  8,000  kW.  and 
one  of  16,000  kW.;  two  condensing  engines  each  of  22,500  kW.;  two 
condensing  engines  each  of  25,000  kW.,  and  two  condensing  engines  each 
of  35,000  kW. 

11.  Three  cooling  towers,  each  of  8,000  cu.  m.  per  hour  capacity,  and  three 
cooling  towers  each  of  10,000  cu.  m.  per  hour  capacity. 

12.  Main  electricity  distribution  plant  for  100,000  kV.,  with  at  present  seven 
electricity  main  systems  each  of  100.000  kV.  for  national  supply. 


however,  dust  firing  is  uneconomical  for  an  independent  lignite  power  station 
in  consequence  of  the  high  charges  for  drying  and  grinding.  As  compared 
with  direct  firing  with  raw  lignite  this  method  of  co-ordination  is  only  profitable 
in  a  power  station  combined  with  a  briquetting  works,  in  which  case,  of  course, 
the  load  conditions  of  the  electricity  supply  station  play  an  essential  part.  The 
most  modern  example  is  the  lignite  and  power  station  of  the  Saxon  Govern- 
ment at  Bohlen  (Figs.  5  and  6).  Fig.  7  shows  diagrammatically  the  co- 
ordinated heat  distribution  in  these  works. 

The  plant  at  the  Beissels  Mine  may  be  instanced  as  an  example  of  the  drying  of 
lignite  by  flue  gases  from  steam  boilers.*  At  this  mine  400  metric  tons  of  crude 
lignite,  containing  59  per  cent,  of  water,  are  daily  converted  into  180  metric 
tons  of  dry  lignite  containing  1 4  per  cent,  of  moisture  by  means  of  hot  flue  gases 
at  350°C.,  from  two  inclined  tubular  boilers  each  of  400  sq.  m.  heating  surface, 
in  drum  dryers.  As  the  condensate  of  the  steam  dryers  in  lignite  briquette 
works  flows  back  to  the  boilers  at  a  high  temperature,  either  no  economisers, 
or  small  economisers  only,  are  used;  hence  the  high  temperature  of  the  flue 
gases.  This  form  of  co-ordination,  therefore,  renders  possible  the  economic 
utilisation  by  the  power  station  of  the  briquetting  works  of  a  by-product 
which  would  otherwise  be  lost,  namely,  the  sensible  heat  of  the  boiler  flue 
gases.  An  essential  condition  of  such  a  co-ordination  is,  however,  a  perfectly 
uniform  load  curve  on  the  boiler  houses  of  the  briquetting  plant. 

Thermo-Chemical  Processes. — The  processes  of  fuel  treatment  so  far 
considered  are  characterised  by  the  fact  that  no  mechanical  transformation  of 
the  raw  material,  coal  or  lignite,  is  involved,  and  more  particularly  that, 
apart  from  the  removal  of  water,  it  is  not  dissociated  or  changed  into  other 
materials.      Such   a    change    is     the     indication     of     a     chemical     process, 

*Kaspers,  Herstellung  und  Verwendung  von  rheinischem  Braunkohlenstaub 
(Production  and  utilisation  of  pulverised  Rhenish  lignite);  Braunkohle 
1927,  No.  19,  p.  397. 

Krisch,  Die  Herstellung  von  Braunkohlenstaub  auf  der  Beisselsgrube  (The 
production  of  pulverised  lignite  at  the  Beissels  Mine);  Braunkohle  1927, 
No.  34,  p.  777. 
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which  is  also  always  of  a  thermo-chemical  character.  To-day,  such 
processes  excite  the  greatest  interest.  We  may  distinguish  low-temperature 
and  high-temperature  carbonisation,  gasification  and  hydrogénation,  of  which 
low-  and  high-temperature  carbonisation  represent  low-  and  high-temperature 
stages  of  gas  evolution. 
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Rohbratux  Kohitt 


BraurjKofUenjîauJf 


EnerqieverteUang 
im  gekuppelten  Staubkraft  Mer K. 


Fig.   7. — Power    Distribution    in     Co-ordinated     Dust-fired     Power    Works. 


Verluste 

Elektrische  Energie 
Brüdenverwertung 
Trockner 

Speisewasservorwärmung 
Abdampf  leitung 
Dampfturbine 
Frischdampfleitung 
Wärmerückgewnn    (Kon- 
densat u.  Vorwärmung) 

Dampfkessel 

Rohbraunkohle 

Braunkohlenstaub 


=  Losses. 

=  Electric  power. 

=  Utilisation    of    vapours. 

=  Dryers. 

=  Preheating  of  boiler  feed  water. 

=  Waste   steam   mains. 

=  Steam  turbine. 

:  Live  steam  main. 

=  Heat   recovery    (condensate   and   pre- 
heating). 
:  Steam  boilers. 
:  Crude  lignite. 
=  Lignite  dust. 
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In  the  sense  of  the  general  outlook  from  which  we  started,  the  nature  of 
co-ordination  may  be  expressed  as  follows: — 

Co-ordination  is  the  exploitation  of  complementary  products  and  by-products 
for  the  purpose  of  economic  and  technical  simplification,  always  devised  in 
accordance  with  the  requirements  of  the  dominating  operation.  We  may 
distinguish  between  "co-ordination  types"  and  "co-ordination  possibilities." 
By  "co-ordination  types"  we  will  denote  essentially  different  individual 
processes;  for  example,  the  co-ordination  of  electric  power  production  with 
low-temperature  carbonisation,  with  high-temperature  carbonisation  or  with 
gasification,  are  all  various  co-ordination  types.  Included  in  each  of  these 
there  are  numerous  "co-ordination  possibilities,"  which  include  the  various 
arrangements  of  the  individual  processes  from  a  constructional  and  operative 
standpoint.  Thus,  the  co-ordination  possibilities  are  the  sub-varieties 
included  in  any  one  type.  This  can  most  easily  be  illustrated  with  the  help 
of  a  tabulation  of  the  products  which  are  produced.  Table  I.  represents  a 
compilation  of  this  kind,  showing  the  quantities  of  the  various  products, 
together  with  the  energy  requirements  of  the  process. 

As  the  products  of  coal  or  lignite  treatment  need  to  be  considered  merely 
as  fuels  for  the  production  of  electric  power,  Table  II.  shows  the  values  of 
both  the  raw  materials  and  products  and  those  thermal  properties  of  the 
latter  which  are  most  important  from  the  standpoint  of  their  combustion. 
From  Table  III.  it  is  immediately  clear  that  the  only  co-ordination  type  which 
can  be  considered  in  the  sense  of  the  considerations  which  we  have  just 
discussed  is  the  co-ordination  of  low-temperature  carbonisation  and  electric 
power  production,  in  which  the  electric  power  station  utilises  the  semi-coke 
as  a  fuel.  In  considering  the  table  one  must  always  remember  that  the 
co-ordinated  works  have  to  compete  with  the  raw  material  of  the  fuel  process, 
and  that,  therefore,  a  co-ordination  is  only  economically  sound  if  the  net 
result  shows  that  the  co-ordinated  scheme  supplies  a  kilowatt  hour  more 
cheaply  by  way  of  a  fuel  process  than  by  the  direct  combustion  of  the  raw 
material.  For  this  reason,  the  utilisation  of  oils  for  driving  Diesel  engines 
is  not  usually  feasible.  It  is  only  possible  for  supplying  the  peak  load  require- 
ments in  works  where  these  are  fairly  high.  The  use  of  large  gas  engines, 
and  the  firing  of  boilers  with  gas,  are  also  uneconomical  compared  with  the 
use  of  raw  coal,  and  must  be  considered  merely  as  a  last  resort  for  utilising 
excess  of  gas.  For  this  reason  low- temperature  carbonisation  followed  by 
complete  gasification  and  utilisation  of  the  producer  gas  for  boiler  firing, 
forms  no  sound  basis  for  a  co-ordination  scheme,  for  the  combustion  of  pul- 
verised semi-coke  is  as  efficient  as  gas  firing  from  an  operative  and  technical 
standpoint;  whilst  gasification  is  dearer  than  grinding,  and  the  small  yields  of 
ammonia  obtained  thereby  are  not  nearly  sufficiently  important  to  make  good 
the  deficit.  Industrial  co-ordination  with  gas  production  will  only  be  possible 
when  the  problem  of  the  large  gas  turbine  has  been  solved. 

Factors  Governing  Low-Temperature  Carbonisation. — To-day,  the 
only  type  of  co-ordination  which  is  economically  sound  is  that  between  low- 
temperature  carbonisation  and  the  production  of  electric  current.  All  the 
co-ordination  possibilities  included  under  this  heading  differ  on  account  of 
the  specific  properties  of  the  raw  materials  and  the  main  and  by-products, 
and  in  the  operative  peculiarities  of  the  co-ordinated  processes.  Both  must 
be    considered    more    closely   in    order    to    describe    the    possibilities,     and 
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consideration  must  first  be  paid  to  the  difference  between  the  low- 
temperature  carbonisation  of  lignite  and  of  ordinary  coal. 

The  low-temperature  carbonisation  of  lignite  is  mainly  concerned  with  the 
production  of  tar,  as  is  obvious  from  the  fact  that  the  average  value  of  the 
tar  production  as  about  25  times  that  of  the  coke. 

The  low-temperature  carbonisation  of  coal,  on  the  other  hand,  may  serve  two 
different  purposes.  It  is  usually  chiefly  concerned,  not  with  the  production 
of  tar,  but  with  an  improvement  in  the  properties  of  small  coals  which  may 
have  a  high  calorific  value  but  are  comparatively  valueless  as  slack,  and  which 
are  converted  into  lumps  of  smokeless  fuel.  In  this  case,  therefore,  the  tar 
production  has  only  about  half  the  value  of  the  semi-coke  production.  Low- 
temperature  carbonisation  for  the  purpose  of  tar  production,  from  coals  which 
yield  a  small  semi-coke  unsuitable  for  domestic  use,  is  of  secondary  importance 
only. 

At  the  present  stage  of  development,  lignite  suitable  for  low-temperature 
carbonisation  comprises  any  raw  lignite  the  tar  yield  of  which  is  sufficiently 
high  to  enable  the  process  to  be  operated  profitably.  The  average  tar  yield 
of  the  lignite  carbonised  in  1926,^  containing  55.3  per  cent,  of  water,  was  7*6 
per  cent,  or  17-0  per  cent,  on  the  basis  of  dry  lignite.  The  lowest  economic 
limit  may  be  considered  to  be  a  yield  of  14  per  cent,  on  the  dry  lignite. 
The  exact  limit  depends  on  the  prices  for  crude  lignite  and  for  tar,  on  the 
capitalisation  and  operative  costs  of  the  carbonisation  process,  and  on  the 
prices  obtainable  for  the  semi-coke.^  The  properties  of  lignite  other  than 
the  tar  yield  are  of  no  importance. 

Coals  suitable  for  low-temperature  carbonisation  are,  in  accordance  with  the 
previous  considerations,  primarily  all  coking  small  coals,'  with  a  minimum  tar 
yield  of  about  6  per  cent.,  the  improvement  in  form  of  which  ensures  a  sufficient 
appreciation  in  value  compared  with  the  raw  material.  One  may  include  as 
of  secondary  importance  all  non-coking  small  coals  of  sufficient  tar  content 
to  ensure  a  profit  from  the  carbonisation  process 

Carbonisation  of  Lignite. — Lignite  semi-coke  is  obtained  in  all  processes 
starting  from  crude  or  dry  lignite,  as  a  granular  product  of  grain  size  under 
10  mm.  It  contains  20  to  25  per  cent,  of  ash,  and  6  per  cent,  hygroscopic 
moisture.  In  this  form  it  is  unsuitable  for  gas  production,  and  attempts  to 
briquette  it  have  so  far  been  unsuccessful.  It  has  not  yet  been  satisfactorily 
burned  in  a  fire-grate.  Lump  coke  can  be  obtained  by  low-temperature 
carbonisation  in  briquette  form,  or  by  the  carbonisation  of  the  material  after 
compression  when  wet,  but  the  firing  of  these  products  on  a  grate  is  not 
particularly  satisfactory.  On  the  other  hand,  the  semi-coke  can  be  fired 
as  pulverised  fuel  with  a  high  degree  of  efficiency.  For  grinding  it  requires 
20  to  22  kWh.  per  ton,  which  is  50  per  cent,  more  than  for  the  grinding  of 
dry  lignite.  As  its  average  contents  of  volatile  combustible  matter  are  only 
10  per  cent.,  it  is  necessary  to  grind  it  until  it  leaves  no  residue  on  a  sieve  of 

*Thau,  Die  Schwelung  von  Braun-  und  Steinkohle  (The  low-temperature 
carbonisation  of  lignite  and  coal);  p.  9. 

•Rosin,  Wirtschaftlichkeit  der  Braunkohlenstaubfeuerung  (Economics  of 
firing  by  pulverised  lignite);  Braunkohle  1927,  pp.  382,  et  seq. 

'Cantieny,  Der  gegenwärtige  Stand  der  Steinkohlenschwelung  in  Deutschland 
(The  present  state  of  low-temperature  carbonisation  of  coal  in  Germany); 
Z.V.D.L,  1925,  p.  547. 
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900  meshes  per  sq.  cm.,  and  10  per  cent,  only  on  a  sieve  of  4,900  mesh«s  per 
sq.  cm.,  so  that  its  inflammability  and  adaptabihty  remain  satisfactory  even 
in  combustion  chambers  which  are  strongly  cooled  with  water. 

Semi-coke  from  coal.^ — For  lump  semi-coke,  which  is  readily  disposed  of  as 
a  domestic  fuel,  firing  under  boilers  and  gas  production  need  not  be  considered, 
although  entirely  practicable;  nor  need  grinding  be  considered  except  for 
that  portion  which  is  obtained  in  the  form  of  smalls.  In  the  future,  however, 
the  question  of  the  low-temperature  carbonisation  of  non-coking  small  coal 
and  its  subsequent  grinding  for  boiler-firing  will  have  to  be  considered.  The 
power  requirements  for  the  grinding  of  dry  semi-coke  are  rather  higher  than 
those  for  dry  raw  coal. 

Lignite  tar  represents  the  most  valuable  output  of  the  distillation  process, 
and  consists  of  a  mixture  of  organic  compounds,  among  which  hydrocarbons 
predominate.  The  most  valuable  substances  which  it  contains  are  paraffin 
wax  (20  to  25  per  cent.)  and  light  oil  (9  to  10  per  cent.) 

Low  temperature  tar  from  coal  consists  of  about  one-third  pitch  and  two- 
thirds  oils,  which  contain  35  to  40  per  cent,  of  tar  acids  (phenols). 

Gas  from  the  carbonisation  of  lignite. — The  quantity  and  composition  of  this 
largely  depends  on  the  nature  of  the  carbonisation  process;  whilst  in  those 
processes  which  carbonise  in  a  gas  current  the  gas  has  usually  to  be  rejected 
on  account  of  its  high  degree  of  dilution,  retort  ovens  produce  a  gas  which  has 
a  calorific  value  of  4,000  calories  per  cu.  m.  before  purification,  and  of  5,000 
calories  per  cu.  m.  after  removal  of  carbon  dioxide  and  hydrogen  sulphide  in 
the  purifiers. 

Gas  from  the  low-temperature  carbonisation  of  coal  also  varies  in  quality 
according  to  the  process.  Technical  gas  has  a  gross  calorific  value  of  about 
7,500  calories  per  cu.  m.,  and  of  8,000  calories  per  cu.  m.  after  purification. 

Tar  water  from  the  carbonisation  of  lignite  is  the  most  objectionable  by-product 
of  the  process.  It  is  formed  from  the  moisture  of  the  raw  lignite  and  the  water 
of  decomposition,  which  latter  is  only  liberated  during  the  carbonisation 
process,  and  amounts  to  8  to  10  per  cent,  of  the  dry  lignite.  Thus,  for  ex- 
ample, dry  lignite  containing  15  per  cent,  of  water  produces  up  to  25  per  cent, 
of  tar  water.  This  product  contains  1  to  2  per  cent,  of  soluble  organic  com- 
pounds, consisting  mainly  of  polyvalent  phenols  combined  with  ammonia 
and  fatty  acids.  On  account  of  its  evil  odour  and  injurious  nature,  strict 
regulations  are  prescribed  for  its  purification,  which  are  only  partially  paid 
for  by  the  recovery  of  the  dissolved  substances. 

Tar  water  from  the  low-temperature  carbonisation  of  coal  is  also  a  noxious 
by-product  containing  phenols  and  ammonia.  As^  however,  even  wet  coal 
contains  only  relatively  small  quantities  of  water  compared  with  lignite,  and 
the  water  of  decomposition  amounts  to  2  to  3  per  cent,  only,  the  manufacturing 
difficulties  which  it  causes  amount  to  a  fraction  only  of  those  involved  in  the 
carbonisation  of  lignite. 

Lignite  Semi-Coke. — The  carbonisation  of  lignite  produces  valuable  oils, 
and  also  achieves  a  calorific  improvement  of  the  solid  residue.  The  fine  state 
of  division  of  the  product  is  actually  an  advantage  for  subsequent  dust  firing. 
The  high  ash  contents  do  not  interfere  with  dust  firing  if  the  plant  is  suitably 

"Müller,  Über  Schwelkoks  aus  Steinkohle,  seine  Herstellung  und  seine 
Verwendung  (On  semi-coke  from  coal,  its  production  and  utilisation); 
Z.V. D.I.,  1926,  p.  1605. 
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constructed.  If,  therefore,  the  lignite  yields  sufficient  tar,  an  electric  supply- 
works  co-ordinated  with  lignite  carbonisation  is  in  a  position  to  utilise  a 
cheaper  fuel  of  higher  calorific  value  than  raw  lignite.  On  the  other  hand 
the  carbonisation  is  increasingly  dependent  on  the  value  of  the  semi-coke  in 
consequence  of  the  falling  tar  yields  of  the  lignite  which  is  available.  The 
demand  for  lignite  semi-coke  for  domestic  firing  has  been  found  to  be  incapable 
of  increase,  and  is,  in  fact,  decreasing.  In  Germany,  in  1926,  about  155,000 
metric  tons  of  lignite  tar  and  producer  tar  were  treated  and  the  semi-coke, 
which  was  barely  consumed  for  domestic  firing,  amounted  to  406,000  metric 
tons.  In  1928,  the  amount  of  tar  to  be  treated  is  estimated  at  235,000  metric 
tons  and  the  semi-coke  production  at  600,000  metric  tons,  so  that  the  excess 
above  the  demand  for  household  firing  will  be  200,000  metric  tons.  Modern 
lignite  carbonisation  works  are,  therefore,  forced  to  dispose  of  their  coke  at 
prices  which  are  adjusted  accordingly,  and  certainly  at  a  price  which  is  lower 
than  those  which  have  been  paid  for  domestic  fuel.  As  the  yields  of  tar  are  by 
no  means  particularly  high,  the  economic  success  of  any  lignite  carbonisation 
plant  to-day  depends  on  the  possibility  of  disposing  of  the  semi-coke. 

Semi-Coke  from  Coal. — -On  the  other  hand,  the  low-temperature  carbonisa- 
tion of  coal  mainly  aims  at  the  improvement  in  form  of  small  coal,  in  order  to 
render  it  suitable  for  domestic  use,  although  the  avoidance  of  nuisance  from 
smoke  and  soot  is  accompanied  by  a  reduction  in  calorific  value  compared 
with  the  raw  material.  In  contrast  to  lignite  coke,  semi-coke  from  coal  is 
in  increasing  demand  for  domestic  purposes.  The  few  German  installations 
for  the  low-temperature  carbonisation  of  coal  are  to-day  in  no  way  obliged  to 
co-ordinate  with  electricity  supply  works  in  order  to  ensure  a  demand  for  their 
semi-coke,  as  such  coke  can  be  sold  for  household  purposes  as  a  substitute  for 
anthracite  at  far  better  prices  than  electricity  supply  works  could  possibly 
pay  in  competition  with  raw  coal.  The  necessity  tor  co-ordination  will  only 
arise  when  non-coking  small  coals  are  subjected  to  iow-temperature  carbonisa- 
tion on  account  of  their  high  tar  yields. 

The  Low-Temperature  Carbonisation  Power  Station. — In  consequence 
of  these  circumstances,  the  combination  of  low-temperature  carbonisation 
with  electric  power  production  is  to-day  essentially  confined  to  lignite,  and  has 
led  to  a  form  of  co-ordination  which  is  known  by  the  name  of  "low- temperature 
carbonisation  power-station."  (Schwelkraftwerk.)  This  co-ordination  is 
much  more  intimate  than  it  would  be  in  the  case  of  coal,  on  account  of  the 
necessity  for  drying  the  lignite,  which  can  be  effected  by  waste  steam  or  waste 
heat  from  the  electricity  supply  station,  a  preliminary  drying  of  ordinary 
coal  being  rarely  necessary. 

For  drying  and  carbonisation,  heating  gas,  steam  and  current  are  required. 
All  three  can  be  supplied  by  the  electric  power  station;  the  heating  gas  in  the 
form  of  boiler  flue  gases,  the  steam  as  back  pressure  steam,  and  current,  more 
particularly  during  periods  of  off-peak  load.  The  carbonisation,  which  is 
co-ordinated  with  the  electric  supply  station,  produces  tar  as  a  main  product, 
semi-coke  and  gas  as  by-products  and  tar  water  as  a  waste  product.  The 
power  supply  station  uses  the  semi-coke  as  a  fuel.  The  gas  from  the  car- 
bonisation can  be  used  for  heating  the  ovens  in  the  carbonisation  of  the  lignite, 
but  is  better  employed  for  supplying  surrounding  communities  or  industries 
requiring  high  temperatures,  in  which  case  it  is  replaced  in  the  works  by 
cheaper  producer  gas  from  ordinary  coal.     The  tar  water  alone  is  to-day  an 
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entirely  waste  product,  as  it  is  unsuitable  for  boiler  feed  water.  However, 
the  flue  gases  of  the  power  station  can  be  usefully  employed  for  its  purification 
and  partial  removal,  as  the  sulphur  dioxide  which  they  contain  has  a  favourable 
efiect,  whilst  at  the  same  time  the  tar  water  serves  as  a  mcaas  for  the  removal 
of  dust  by  washing  the  very  dusty  flue  gases  from  the  pulverised-fuel 
burners,  and  for  the  removal  from  these  of  the  sulphur  dioxide  which  they 
contain. 

The  co-ordination  possibilities  are,  therefore,  numerous,  and  are  influenced 
in  each  case  by  the  local  and  industrial  conditions.  As,  however,  lignite 
carbonisation  plays  a  subordinate  rôle  in  the  co-ordination,  and  acts  essentially 
as  a  servant  of  the  power  station,  there  is  a  large  number  of  principles  of 
general  apphcation  which  determine  the  character  of  the  lignite  carbonisation 
power  station. 

1 .  The  caxbonisation  process  must  be  so  dependable  that  the  power  station 
can  rely  on  its  uninterrupted  working. 

2.  The  carbonisation  process  must  supply  a  semi-coke  having  the  best 
possible  properties  for  dust  firing  of  the  boilers  of  the  power  station;  it  must, 
therefore,  be  quenched  dry,  but  must  not  ignite  spontaneously.  It  must  be 
easily  ground  and  must  contain  such  an  amount  of  combustible  volatile 
constituents  that  these  suffice  for  the  necessary  adaptability'  of  the 
bouer  firing. 

3.  The  carbonisation  process  must  be  so  arranged  that  in  case  of  breakdowns 
or  repairs  of  the  carbonisation  and  tar  treatment  plants,  and  also  during 
periods  of  production  of  lignite  from  deposits  deficient  in  tar,  or  during  periods 
when  the  demand  for  tar  is  small  and  carbonisation  would  involve  the  works 
in  loss,  the  operation  of  the  carbonisation  plant  can  be  discontinued  and  dry 
lignite  supplied  to  the  grinding  mill  of  the  power  station  in  a  simple  manner 
without  disturbance  of  the  fuel  supply.  Drying  and  carbonisation  must 
not,  therefore,  be  so  co-ordinated  that  the  former  cannot  be  carried  out  without 
the  latter.  On  the  contrary,  one  must  be  workable  without  the  other  at  any 
time 

4.  Large  throughputs  must  be  achieved  in  cheap  ovens.  The  capitalisation 
costs  of  the  carbonisation  and  tar  recovery  installations  are  in  any  case  high, 
and  must,  therefore,  be  kept  as  low  as  possible  by  means  of  large  units;  for 
higher  amortisation  must  be  allowed  than  is  otherwise  usual,  as  at  present 
carbonisation  processes  and  furnaces  may  become  obsolete  in  a  very  short 
time,  so  that  they  would  not  be  in  a  position  to  compete  with  newer  installa- 
tions. The  era  of  low-temperature  carbonisation  on  a  large  scale  has  only 
just  commenced,  and  its  progress  cannot  yet  be  clearly  anticipated.  It  is 
also  still  impossible  to  form  an  opinion  as  to  the  direction  in  which  hydrogéna- 
tion processes  may  affect  the  economics  of  low-temperature  carbonisation. 
Generally  speaking,  co-ordination  is  possible  to  large  electric  power  stations 
alone,  so  that  to-day  coke  oven  installations  are  being  sought  having  a  daily 
throughput  of  1,000  tons  or  more  per  twenty-four  hours. 

5.  The  carbonising  process  must  also  be  able  to  deal  with  dusty  lignite,  of 
which  considerable  quantities  are  frequently  won.  For  this  material,  in 
particular,  the  increased  efficiency  after  treatment  is  greatest  compared  with 
its  utilisation  for  grate  firing,  and  the  process  of  treating  it  is,  therefore,  the 
most  profitable. 

6.  In  spite  of  the  required  large  throughput  the  smallest  possible  amount 
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of  tar  water  must  be  produced.  A  lignite  carbonisation  plant  supplying  a 
100,000  kW.  power  station  with  semi-coke  from  15  per  cent,  dried  lignite 
(i.e.,  lignite  containing  15  per  cent,  of  moisture)  will  produce  about  450  cu.  m. 
of  tar  water  daily,  when  the  load  on  the  power  station  is  only  50  per  cent., 
and  will  have  to  spend  considerable  sums  on  the  purification  of  this  tar  water. 
As  the  constitutional  water  liberated  by  the  thermal  decorrtposition  amounts 
to  8  to  10  per  cent,  of  the  dry  material  the  drying  process  which  precedes 
carbonisation  must  at  any  rate  be  almost  complete,  so  that  the  vapours 
evolved  in  the  drier  may  escape  into  the  atmosphere  in  a  harmless  form  after 
dust  removal. 

7.  For  grinding  uncarbonised  dry  lignite,  moisture  contents  of  between 
10  and  15  per  cent,  are  the  most  economical.  If  the  drying  is  carried  further 
it  is  true  that  the  power  requirements  of  the  grinding  mill  are  lowered  and  its 
efficiency  is  increased,^  but  not  to  such  a  degree  that  the  greater  capital 
charges  of  the  drying  station  are  paid  for. 

The  combined  requirements  of  conditions  3  and  6,  therefore,  make  it  necessary 
that  the  drying  process  preceding  carbonisation  should  remove  the  whole  of 
the  moisture  and  also  that  it  should  be  possible  to  stop  the  process  at  a  moisture 
content  of  15  per  cent.,  so  that  the  grinding  mills  of  the  power  station  can 
be  entirely  or  partially  supplied  with  dry  lignite.  For  this  purpose  a  cooling 
plant  for  the  dry  lignite  must  be  provided  in  order  to  avoid  the  unpleasant 
difficulties  due  to  the  condensation  of  moisture  by  hot,  dry  lignite. 

8.  The  carbonisation  process  must  work  without  loss.  Neither  the  gas 
produced  nor  the  light  oil  which  it  contains  must  be  lost.  An  independent 
carbonisation  plant  may  suffer  such  things  to  happen  if  the  proportion  of  tar 
from  the  lignite  and  a  high  price  for  semi-coke  for  household  use  make  this 
possible,  but  the  power  station  carbonisation  plant  has  to  compete  with  firing 
by  raw  coal,  and  is,  therefore,  forced  to  consider  the  price  of  every  calorie. 

0.  The  low-temperature  carbonisation  process  must  be  sufficiently  insensitive, 
in  order  that  fluctuations  caused  by  co-ordination  with  the  power  station  and 
the  alterations  of  load  of  the  latter  may  not  influence  it  unfavourably  or 
entirely  dislocate  the  operations;  that  is  to  say,  it  must  be  able  to  adapt  itself 
to  the  method  of  working  of  the  power  station. 

Conversely,  a  number  of  new  problems  arise  for  the  power  station  through  its 
co-ordination  with  the  carbonisation  plant.  More  particularly,  it  must  be 
converted  to  pulverised-fuel  firing  in  all  cases  excepting  when  large 
semi-coke  is  burned  on  the  grate,  which  only  rarely  happens.  We  cannot 
here  consider  the  constructional  development  of  dust  firing, i"  but  merely  point 
to  fundamental  changes  in  the  plant  and  to  special  peculiarities  which  are 
due  to  the  use  of  powdered  lignite  coke.  As  this  material  contains  much  ash 
it  is  necessary  to  cool  the  combustion  chambers  very  thoroughly  with  water, 

'Rosin  and  Rammler,  Kraftbedarf  von  Kohlenstaubmühlen  (Power  require- 
ments for  coal  dust  grinding  mills);  Archiv  für  Wärmewirtschaft  1925, 
p.  289. 

Rosin  and  Schulz,  Kraftbedarf  von  Kohlenstaubmühlen  in  Abhängigkeit 
von  Belastung,  Mahlbarkeit  und  Mahlfeinheit  (Power  requirements  for  coal 
dust  grinding  mills  and  their  dependence  on  load,  resistance  to  grinding 
and  size  of  product);  Archiv  für  Wärmewirtschaft  1927,  No.  3. 

'"Münzinger.Einflussder  Kohlenstaubfeuerung  auf  den  Bau  von  Elektrizitäts- 
werken (Influence  of  coal  dust  firing  on  the  construction  of  electric  power 
stations);  Z.V. D.I.  1926,  Nos.  40  and  42. 
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but  as,  on  the  other  hand,  it  is  a  fuel  containing  but  httle  gas,  cooling  must  be 
compensated  by  a  high  degree  of  preheating  of  the  air.  Therefore,  economisers 
are  not  used  but  are  replaced  by  the  preheating  of  the  air  with  steam  by  the 
regenerative  process.  This  preheating  is  best  carried  out  in  three  stages;  the 
first  by  steam  from  the  engines,  the  second  by  back  pressure  steam  and  the 
third  by  preheating  by  means  of  the  vapours  from  the  drying  plant. 

Some  of  the  steam  engines  are  driven  by  dry  steam  in  counter-pressure; 
that  is,  the  attempt  is  made  to  improve  the  efficiency  of  the  co-ordination  by 
steam  pressures  which  are  as  high  as  possible.  The  intermediate  superheating 
can  be  carried  out  either  by  steam  or  at  the  cooling  surfaces  of  the  combustion 
chambers.  The  first  is  always  preferable  for  various  reasons,  particularly  in 
large  installations. 

Storage  Bunkers  for  Lignite. — The  consideration  of  the  most  suitable 
arrangement  of  storage  bunkers  is  particularly  important,  and  throws  a  new 
light  on  the  question  of  the  storage  of  materials.  Each  successive  operation 
necessarily  increases  the  number  of  possibilities  of  interruption  of  manufacture, 
which  must  be  met  by  interposing  sufficient  reserves  of  material  between  the 
individual  sections.  The  adaptability  of  the  system  also  suffers  by  the 
sequence  of  processes,  as  the  course  of  the  fuel  to  the  boiler  is  much  longer. 
The  highest  degree  of  security  would  entail  bunkers  for  dry  lignite  before 
the  carbonisation  plant;  for  lignite  coke  before  the  grinding  plant;  for  powdered 
coke  at  the  grinding  plant  for  the  power  station;  before  the  dust  injectors  in 
the  grinding  plant;  and  finally,  above  the  boilers.  In  the  drying  plant,  the 
complete  removal  of  water  is  necessary  before  carbonisation,  but  storage  of 
dry  lignite  is  very  difficult.  On  account  of  liability  to  spontaneous  combustion 
and  unavoidable  condensation,  lignite  has  to  be  cooled  before  bunkering, 
but  under  these  conditions  the  material  regains  up  to  10  per  cent,  of  water 
corresponding  to  its  hygroscopic  point. i*  Therefore,  it  is  only  possible  to 
bunker  dry  lignite  under  the  condition  that  the  drying  operation  is  carried 
out  in  two  stages;  namely,  from  crude  wet  lignite  down  to  1 5  per  cent,  moisture, 
and  from  15  per  cent,  to  0  per  cent,  moisture,  followed  immediately  by  car- 
bonisation. Between  these  two  stages  the  cooling  shed  and  bunkers  are 
interposed.  Although  a  small  thermal  loss  necessarily  occurs  by  cooling 
between  these  two  stages  of  drying,  the  arrangement  involves  great  advantages 
in  steam  drying,  as  the  first  stage  of  drying  can  be  carried  out  with  steam  at 
1  to  1  -5  atm.  excess  pressure,  whereas  in  the  second  stage  3  atm.  excess  pressure 
is  employed,  in  order  that  the  drying  plant  may  not  be  too  large.  Thus, 
by  the  sub-division  power  is  saved  and  the  capital  costs  are  reduced. 

The  most  decisive  reason  for  the  distribution  of  the  bunkers  is,  however,  the 
consideration  of  the  necessary  storage  in  order  to  maintain  elasticity  of  work- 
ing. If  the  last  member  of  a  series  of  co-ordinated  operations  is  liable  to 
fluctuations  of  load,  these  travel  back  through  the  whole  series  to  the  first 
operation  if  insufficient  storage  is  available.  In  this  way  the  efficiency  of 
each  individual  process  is  reduced,  and  its  capital  charges  are  raised  in  con- 
sequence of  the  deficient  load.  Many  processes,  however,  do  not  allow  such 
fluctuations  in  working,  as  their  whole  nature  and  constructional  details  are 
fitted  for  uniform  operation  only.     Thus,   in  small  works  steam  storage  is 

^^Rammler,    Kohlenstaubfeuerung   und    hygroskopische    Eigenschaften   der 
Braunkohle    Lignite  dust  firing  and  the  hygroscopic  properties  of  lignite). 
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interposed  between  turbines  and  boilers,  in  order  to  increase  the  efficiency  of 
steam  production  by  reducing  the  effects  of  fluctuations  in  the  operation  of 
the  engines,  and  thus  reduce  the  capital  charges  of  the  boiler  house.  The 
fluctuations  in  load  on  many  electric  power  stations  are  everywhere  realised, 
and  if  insufficient  storage  were  present  these  fluctuations  would  react  similarly 
on  all  the  preceding  processes.  Quite  apart  from  the  fact  that  the  elasticity 
of  the  operations  would  suffer  severely  by  unforeseen  requirements  of  current, 
as  the  fluctuations  in  time  of  all  the  processes  are  integrated  at  the  engines, 
the  drying  and  carbonisation  operations  in  their  present  form  and  method  of 
operation  belong  very  specially  to  the  category  of  continuous  operations. 

We  will  not  investigate  here  whether,  and  by  what  means,  operation  with 
varying  load  would  be  possible  in  these  cases;  even  then,  the  interpolation  of 
a  large  reserve  of  material  would  probably  be  cheaper  than  the  distribution 
of  the  low  output  of  the  power  station  over  the  whole  expensive  carbonisation 
plant.  Storage  will,  therefore,  be  placed  where  it  is  desired  to  neutralise  the 
variations  in  load  of  the  current  supply.  The  choice  between  individual  and 
central  grinding  plants  must  be  decided  in  the  light  of  these  considerations. 
The  individual  plant  has  to  participate  in  all  fluctuations,  and,  therefore, 
suffers  from  the  same  bad  load  and  efficiency  conditions  as  the  power  station, 
which  frequently  amounts  to  30  per  cent.,  including  reserves.  In  addition, 
there  is  the  fact  that  the  power  requirements  of  under-loaded  grinding  mills 
arise  rapidly  and  that  the  degree  of  fineness  of  the  product  falls  in  most 
sifting  processes.  Calculation  is  required  in  order  to  decide  whether  the  central 
grinding  plant  with  its  higher  capital  cost,  but  smaller  requirements  for  spares, 
and  its  uniform  load,  is  definitely  superior  to  the  cheaper  individual  grinding 
unit  with  a  higher  demand  for  spares  and  poor  efficiency. 

Storage  of  Coal. — Low-temperature  carbonisation  plants  for  coal  are  in 
a  better  position  than  those  for  lignite  with  regard  to  the  storage  for  raw 
material;  for  in  the  Ccise  of  peak  outputs,  with  which  the  carbonisation  plant 
cannot  cope,  raw  coal,  if  it  is  not  too  moist,  can  be  passed  directly  to  the 
grinding  plant  without  passing  through  the  carbonisation  plant,  and  directly 
fired  under  the  boiler.  If  the  raw  coal  has  to  be  dried  before  grinding,  a 
certain  stock  of  dry  coal  can  be  maintained.  In  this  case  the  conditions  are 
much  more  favourable,  as  on  account  of  the  low  water  contents  the  require- 
ment of  absolute  drying  is  not  so  important,  and  drying  in  general  is  not  so 
essential  for  the  grinding  process.  It  is,  however,  desirable  even  in  this  case 
to  provide  a  cooling  shed  when  bunkering  large  quantities  of  dry  coal. 

A  special  possibility  for  storage  and  provision  for  peak  load,  particularly 
in  the  case  of  semi-coke  dust  containing  but  little  gas,  is  provided  by  the 
addition  of  carbonisation  gas  to  dust  firing.  For  this  purpose,  of  course,  an 
excess  of  gas  must  be  available  over  and  above  the  requirements  for  carbonisa- 
tion, and  a  suitable  gasholder  must  also  be  available.  Although  dust  firing 
in  general  is  extremely  adaptable,  the  addition  of  gas  offers  the  advantage 
of  immediate  applicability  under  special  circumstances,  particularly  if  the 
supply  of  coke  or  of  pulverised  fuel  is  insufficient.  The  simultaneous  com- 
bustion of  dust  and  gas  offers  no  difficulties  if  the  installation  is  suitably 
constructed. 

Economic  Considerations. — The  co-ordination  possibilities  in  a  lignite 
works  are  determined  by  the  methods  of  drying  and  carbonising,  and  differ 
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in  character  according  to  whether  the  drying  operation  is  carried  out  by  steam, 
by  flue  gases,  with  independent  firing,  with  directly  diverted  or  reheated  boiler 
flue  gases,  or  in  direct  conjunction  with  the  carbonisation  process.  For  this 
reason  it  is  impossible  to  give  definite  figures  for  the  power  produced  by  one 
metric  ton  of  crude  Hgnite,  as  this  also  is  dependent  on  the  initial  boiler  pressure, 
on, the  back  pressure  of  the  engines  and  on  the  works  requirements  for  drj'ing 


Fig.   8. — Prices  of  Lignite   Semi-coke   Dust. 
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Actual  price  of  dust. 
=  Yield  of  tar. 
=  Permissible  price  of  dust. 
=  Syndicate  price. 
=  Price  of  crude  lignite  in  marks  per  metric  ton. 


and  carbonisation.  In  general,  thermal  economies  in  a  lignite  works  play  an 
unimportant  part  compared  with  the  capital  charges,  in  consequence  of  the 
cheapness  of  lignite.  An  average  value  for  the  various  systems  in  a  co- 
ordinated lignite  carbonisation  power  plant,  which  differ  less  from  a  thermal 
standpoint  than  in  the  capital  costs,  may  be  taken  as  300  kWh.  per  ton  of 
crude  lignite,  or,  on  the  basis  of  the  gross  calorific  value  of  lignite,  about 
8,800  cals,  per  kWh.,  a  figure  which  is.  of  course,  of  merely  comparative 
importance.  When  firing  crude  lignite  on  grates  in  independent  power  works 
under  similar  conditions  about  425  kWTi.   are   produced   per  ton   of   crude 
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lignite,  with  heating  requirements  of  6,400  cals,  per  kWh.  If,  therefore,  one 
considers  merely  the  net  thermal  efficiency  of  electric  power  production  in 
terms  of  crude  lignite,  the  lignite  carbonisation  power  works  achieve  only 
three-quarters  of  the  efficiency  of  the  independent  crude  lignite  plant,  in  spite 
of  all  thermal  economies  whch  are  entailed  by  the  higher  efficiency  of  the  boilers 
through  drying  and  dust  firing.  This  is  obvious,  as  the  recovery  of  tar^and 
gas  entails  a  thermal  loss  for  the  electric  power  works,  so  that  from  a  thermal 
standpoint  the  preliminary  carbonisation  necessitates  a  thermal  loss  of  about 


Fig.   9. 


-Difference  between  Permissible  and  Actual  Price  of  Lignite    Semi- 
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—  •  —  ■  —  =  Mill  drying. 
=  Drying  by  flue  gases. 

=  Independent   drying. 

—  •  — ■ =  Steam  drying. 

25  per  cent.  This  thermal  loss  and  the  whole  capitalisation,  carbonisation 
and  operating  costs  of  the  interpolated  drying,  carbonising  and  grinding  plant, 
together  with  the  increased  costs  for  dust  firing,  must  be  met  by  the  products 
of  carbonisation,  and  more  particularly  by  the  tar.  It  is,  therefore,  not  suf&- 
cient  that  the  tar  production  should  merely  pay  for  the  actual  carbonisation 
process,  as  it  has  further  to  cover  the  decreased  thermal  efficiency  of  power 
production  and  the  increased  costs  of  the  power  station  entailed  by  the  co- 
ordination.    The  amount  of  these  requirements  determines  the  minimum  tax 
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yield  of  the  crude  lignite  at  which  co-ordination  is  economic.  Detailed 
calculations  which  have  been  published  elsewhere, ^^  lead  under  present  con- 
ditions to  the  results  shown  in  Fig.  8.  In  this  figure  it  is  assumed  that  the 
introduction  of  dust  firing  in  the  boiler  house  of  the  power  station  does  not 
entail  any  additional  charges  compared  with  firing  with  crude  lignite;  that  is, 
that  the  capitalisation  and  working  costs  of  the  dust  fired  boiler  house,  allowing 
for  the  large  steam  output  and  the  economy  in  space  and  in  spares,  are  the 
same  as  those  of  the  boiler  house  fired  with  crude  lignite.  The  line  drawn  thus 
— shows  the  minimum  permissible  price  for  pulverised  lignite  semi- 
coke  for  varying  prices  of  crude  lignite  at  which  co-ordination  is  still  profitable 
as  compared  with  firing  by  crude  lignite.  The  ordinates  of  the  diagram  then 
show  the  price  which  the  pulverised  lignite  semi-coke  produced  in  the  car- 
bonisation power  works  actually  costs  with  varying  yields  of  tar.  The  co- 
ordination is  profitable  if  the  actual  price  of  dust  is  lower  than  the  permissible 
minimum.  The  line  referred  to,  therefore,  divides  the  diagram  into  a  zone 
below  the  permissible  price  of  lignite  semi-coke  dust  at  which  co-ordination  is 
profitable,  and  an  upper  zone  within  which  such  co-ordination  is  unprofi  able. 
The  line  itself,  however,  represents  conditions  under  which  the  extra  expense 
is  exactly  balanced  by  the  charges,  so  that  co-ordination  does  not  result  in 
any  additional  profit.  It  must  be  borne  in  mind  that  the  tar  prices  on  which 
the  calculations  are  based  are  subject  to  natural  or  forced  fluctuations  which 
cannot  as  yet  be  foreseen,  and  that  the  demand  for  the  products  of  low- 
temperature  carbonisation  will  alter  a^  the  number  of  carbonising  plants 
increases.  This  is  particularly  true  with  regard  to  paraffin  wax,  the  demand 
for  which  cannot  be  further  increased  to  any  important  extent.  Fig.  9, 
therefore,  gives  a  clearer  view  by  indicating  the  profits  which  may  be  attained 
per  metric  ton  of  ground  lignite  semi-coke  by  carbonisation.  The  diagram 
shows  clearly  that  in  economic  competition  with  crude  lignite  the  thermal- 
mechanical  treatment  resulting  in  the  production  of  lignite  dust  is  insufficient 
to  cover  the  increased  costs,  whilst,  on  the  other  hand,  the  profits  from  low- 
temperature  carbonisation  permit  of  profitable  co-ordination  if  the  tar  yields 
exceed  a  certain  percentage,  above  which  the  kWh.  can  be  produced  more 
cheaply  than  when  firing  with  crude  lignite.  The  carbonisation  of  lignite  and 
dust  firing  are,  therefore,  dependent  one  on  the  other;  the  former  in  order  to 
obtain  an  outlet  for  the  semi-coke,  and  the  latter  in  order  to  pay  the  higher 
costs  of  dust  production  by  the  profit  from  the  tar,  and  thus  to  enable  the 
operative  advantages  of  dust  firing  to  be  economically  possible.  Lignites  rich 
in  tar  must  now  be  won  to  an  increasing  extent  by  deep  level  mining,  for  which 
reason  their  production  cost  is  increasing  to  from  3  to  5  marks  per  metric  ton, 
as  compared  with  open  working,  at  which  production  costs  of  1  mark  per  metric 
ton  still  occur.  These  conditions  naturally  entail  increasingly  difficult  economic 
conditions  for  co-ordination.  From  the  diagram  it  will  be  seen  that  with  a 
production  cost  for  lignite  of  4  marks  per  metric  ton  by  deep  mining  and  a  tar 
yield  of  7  per  cent.,  a  saving  of  1  -56  marks  per  metric  ton  is  achieved  by  firing 
with  carbonised  semi-coke  in  the  power  works  as  compared  with  firing  by  crude 
lignite.  As  in  a  co-ordinated  works  about  1, 100  kWh.  are  produced  per  metric 
ton  of  pulverised  semi-coke,  this  profit  represents  a  reduction  in  price  per  kW^h. 
of  0-143  Pfg.  (0-017d.)  (100  Pfg.  =1  mark).     When  crude  hgnite  is  directly 

'^ Rosin,   Wirtschaftlichkeit  der  Braunkohlenstaubfeuerung  (The  economics 
of  lignite  dust  firing),  Braunkohle,  1927,  p.  382,  et  seq. 
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üred  about  2-5  metric  tons  of  crude  lignite  are  used  per  1,000  kWh.  At  a  price 
with  open  working  of  2*00  marks  per  metric  ton  of  lignite  at  the  boilers,  the  fuel 
costs  for  1,000  kWh.  are  5-00  marks,  and  the  saving  of  1-43  marks  represents 
an  actual  reduction  in  the  fuel  costs  of  28  per  cent.,  which  is  considerably 
higher  if  the  lignite  which  is  carbonised  can  also  be  obtained  by  open  working 
at  a  cheap  rate. 

In  the  lignite  power  station,  however,  the  cost  of  the  fuel,  if  it  is  obtained 
cheaply  from  the  open  workings,  represents  a  small  portion  only  of  the  pro- 
duction costs  of  the  kWh.,  more  particularly  as  the  capitalisation  charges  pre- 
dominate and  more  particularly  if  the  load  curves  are  poor.i*  Therefore,  the 
reduction  in  the  fuel  charges  caused  by  low-temperature  carbonisation  with 
a  sufficient  yield  of  tar  will  cause  the  co-ordination  to  be  the  more  profitable 
the  more  it  enables  the  capital  charges  of  the  power  station  to  be  reduced. 
These  charges  depend,  however,  on  the  variable  load  and  the  deficiency 
loads  in  the  night  time.  These  circumstances  provide  the  most  important 
function  of  co-ordination,  which  is  to  assist  the  power  works  in  their  conflict 
with  deficiency  loads,  and  open  up  entirely  new  possibilities  which  independent 
lignite  carbonisation  works  have  hitherto  had  no  reason  to  develop.  Dust 
firing,  with  its  great  adaptability,  assists  very  largely  in  the  ease  and  rapidity 
with  which  the  peak  load  requirements  are  met,  and  further  assistance  can  be 
rendered  in  this  direction  by  the  use  of  the  gas  from  the  carbonisation  plant 
when  suddenly  putting  new  boilers  into  action.  Low-temperature  carbonisa- 
tion processes  have,  however,  hitherto  failed  in  coping  with  deficiency  loads, 
more  particularly  at  night.  Although  all  low-temperature  carbonisation 
processes  hitherto  known  have  been  developed  as  continuous  processes,  the 
possibility  must  be  considered  of  developing  them,  so  to  speak,  as  power 
reservoirs  for  electric  power  works.  One  method  of  achieving  this  aim  would 
be  carbonisation  with  superheated  steam.  Many  attempts  at  carbonisation 
with  steam  have  shown  that  the  tar  so  obtained  is  excellent,  and  the  yield 
particularly  high.  In  spite  of  these  facts,  low-temperature  carbonisation 
with  steam  has  not  hitherto  been  adopted,  as  it  is  too  expensive  for  independent 
carbonisation  works.  This  objection  disappears  when  such  a  works  is  co- 
ordinated with  a  power  works  which  supplies  cheap  waste  steam.  Theoreti- 
cally, therefore,  one  may  imagine  a  steam  carbonisation  plant  which  could  be 
developed  as  a  form  of  steam  storage  which  would  neutralise  the  deficiency 
loads,  more  particularly  at  night.  Such  a  development,  however,  raises 
serious  considerations.  The  conversion  of  the  carbonisation  process  from  a 
continuous  to  a  discontinuous  process  would  be  no  insuperable  obstacle,  but 
the  large  quantities  of  steam  used  for  the  carbonisation  would  have  to  be 
condensed  in  the  tar  recovery  plant  and  would  thus  produce  tar  water  which 
could  not  then  be  used  for  feeding  the  boilers  after  condensation.  Apart 
from  the  difficulty  of  disposing  of  the  tar  water  with  which,  as  already  referred 
to,  the  power  station  would  be  faced,  the  necessity  of  continually  obtaining 
large  quantities  of  fresh  boiler  feed  water  would  entail  water  purification  and 
evaporation  plants  of  increasing  cost  with  the  increasing  rise  of  initial  boiler 
pressures.     The  second  objection  arises  from  the  fact  that  by  such  a  process 

i*Königsheim,  Der  Einfluss  der  Schwelerei  auf  die  Wirtschaftlichkeit  von 
Braunkohlenkraftwerken  (The  influence  of  low-temperature  carbonisation 
on  the  economics  of  lignite  power  stations);  Elektrizitätswirtschaft  1926, 
No.  414. 
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the  deficiency  loads  on  the  boilers  would  simply  be  transferred  to  the  cairbonisa- 
tion  plant,  which  is  as  a  whole  even  more  expensive  than  the  boiler  house. 
The  latter  only  would,  therefore,  be  relieved,  as  the  turbines  naturally  follow 
the  fluctuations  in  the  current. 

This  leads  to  the  attractive  idea  of  an  electric  carbonisation  process  which 
would  enable  the  engines  of  the  power  station  to  work  at  uniform  load.  It 
is  unnecessary  to  be  dismayed  by  the  consideration  of  the  thermal  transforma- 
tion from  coal  via  semi-coke  and  steam  to  electricity  and  the  re-transformation 
of  this  latter  into  heat.  This  cycle  of  transformations  certainly  entails 
considerable  losses,  although  only  greater  than  those  of  carbonisation  by  steam, 
by  the  power  losses  in  the  generators,  as  in  carbonisation  by  steam  the  whole 
of  the  heat  of  evaporation  is  lost  in  the  tar  condensation  plant;  but  with  cheap 
fuel  the  saving  in  capital  charges  may  well  represent  a  gain,  even  at  the  cost 
of  very  poor  thermal  efiSciency.  If  the  preliminary  drying  is  complete  the 
heat  requirements  for  the  carbonisation  process  are  about  200,000  calories 
per  metric  ton  of  anhydrous  lignite.  Taking  into  account  the  losses  in  the  retort 
by  conductivity  and  radiation,  which  may  be  kept  very  low,  and  also  allowing  for 
the  fact  that  the  losses  in  the  flue  gases  disappear  in  the  electric  carbonisation 
process,  we  may  reckon  that  the  practical  heat  requirements,  including  allow- 
ance for  the  power  losses  of  the  electric  rotors  will  be  250,000  calories  per  ton 
of  anhydrous  lignite,  or  290  kWh.  Under  these  conditions  0'57  metric  tons  of 
semi-coke  will  be  produced  which,  once  more  allowing  for  the  partial  counter- 
pressure  operations  of  the  drying  installation,  will  supply  627  kWh.  Forty-two 
per  cent,  of  the  power  production  is,  therefore,  required  for  the  carbonisation, 
and  if  sufficient  storage  is  allowed  for  semi-coke,  a  larger  quantity  of  current 
can  be  supplied  to  the  carbonisation  plant.  Sufficient  storage  for  the  crude 
tar  would  also  be  provided  in  order  to  protect  the  tar  refining  plant  from 
fluctuations  in  the  operation  of  the  carbonisation  plant.  The  constructive 
and  operative  development  of  an  electric  carbonisation  process  working 
discontinuously  and  at  a  fluctuating  load  appears  to  be  possible.  One  would 
then  be  in  a  position  to  cope  with  deficiency  loads  by  means  of  the  carbonisation 
plant  and  to  provide  the  combined  power  works  with  a  better  load  and  to 
run  it  more  nearly  at  its  rated  capacity.  The  carbonisation  and  supple- 
mentary drying  plants  alone  would  then  work  at  variable  load,  whilst  the 
main  drying  plant,  grinding  plant,  boiler  house  and  engines  would  work  at 
constant  load.  This  suggestion  will  not  be  further  developed  here,  as  it  has 
not  yet  achieved  a  practical  form  and  it  is  as  yet  impossible  to  foresee  whether 
such  a  power  station  would  be  able  to  supply  the  kWh.  at  a  price  as  cheap  as 
that  at  which  it  can  be  produced  by  low-temperature  carbonisation  in  com- 
petition with  other  carbonisation  and  heating  systems,  even  although  the 
capitalisation,  operation  and  process  costs,  and  the  costs  of  running  idle  during 
the  periods  of  deficiency  load  disappear.  It  is  only  intended  to  serve  as  an 
example  of  the  fact  that  by  co-ordination  between  processes  of  fuel  treatment 
and  electric  power  production  entirely  new  possibilities  of  a  technical  and 
economic  character  may  be  considered.  The  co-ordination  systems  which 
have  been  operated  or  designed  hitherto  have  not  developed  the  interlocking 
of  the  various  processes  to  this  extent,  although  in  the  case  of  lignite,  in  par- 
ticular, the  low-temperature  carbonisation  plant  has  already  developed  into 
a  complex  of  a  very  definite  and  characteristic  type. 

Examples  of  L.T.C.  Power  Plants. — The  simplest  form  of  co-ordination 
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Fig.   10. — Lignite  Carbonisation  Plant,  Minna- Anna,  Near  Gölzau. 
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1.  Winding  engine  house;  daily  crude  lignite  production  of  1,020  metric 
tons  water  contents  of  lignite  from  deep  workings,  50  per  cent. 

2.  Pit  head. 

3.  Washing  plant. 

4.  Crude  lignite  store. 

5.  Drying  plant:  three  dryers  each  of  1,600  sq.  m.  heating  surface,  steam 
pressure  3  atm.  excess. 

6.  Tar  production  plant  comprising  eight  vertical  Geissen  retorts,  each 
w-ith  a  throughput  of  1 10  metric  tons  of  crude  lignite  per  24  hours.  Tar 
yield  of  crude  lignite,  12  per  cent.  Joint  semi-coke  production  of 
retorts,  210  metric  tons  per  24  hours.  Output  of  distillation  gas  per  24 
hours,  64,000  cu.  m.,  of  which  69  per  cent  or  44,000  cu.  m.  are  used 
at  works  for  heating  retorts. 

7.  Coke  cooling  plant  comprising  two  horizontal  tubular  coolers  in  series 
for  oxidising  and  dry  cooling. 

8.  Coke  loading  plant. 

9.  Grinding  plant  for  semi-coke  with  2  Lösche  mills  each  of  a  capacity 
of  7-5  metric  tons  per  hour. 

10.  Power  plant  comprising  three  vertical  Linke-Hofmann  boilers  fired 
with  semi-coke  dust;  normal  steam  output  of  each  boiler  1 7-5  metric  tons 
hourly;  maximum  output  2 1  metric  tons  hourly.  The  mixture  fired  under 
the  boilers  consists  of  37  per  cent  of  dr\'  sifted  lignite  dust  and  63  per 
cent,  of  powdered  lignite  coke  dust.  Steam  pressure  25  atm.  exce?s. 
Two  high-pressure  turbines  each  of  1,750  kW.,  pressure  3-5  atm. 
excess. 

1 1.  Workshop. 

12.  Stores. 

13.  Locomotive  sheds. 

14.  Weighbridge. 

15.  Water  tower. 

16-19.  Water  softening  plant. 

20.  Office  buildings. 

21.  Garage. 

22.  Laboratory. 

23.  Bachelors'  quarters. 

24.  Foremen's  dwellings. 
25-38.  Chemical  works. 


between  low-temperature  carbonisation  and  power  production  is  carbonisa- 
tion in  front  of  the  steam  boilers,  in  which  fuel  is  de-gasified  in  a 
shaft  carboniser  built  into  the  front  of  the  boiler,  by  means  of  hot  diverted 
fire  gases.  The  semi-coke  drops  on  to  the  travelling  grate.  As  an  example 
of  this  system,  which  has  been  developed  by  J.  Pintsch  A.-G.,  we  may  mention 
the  installation  at  the  State  Railway  Works  at  Brandenburg-West.^^  At  these 
works  lignite  briquettes  are  carbonised  in  two  500  sq.  m.  boilers,  and  60  per 
cent,  of  their  tar  contents  are  recovered,  whilst  the  gas  used  as  a  carbonising 
medium  is  returned  to  the  boiler  as  an  auxiliary'  firing  medium  after  removal 
of  the  tar,  and  then  has  a  calorific  value  of  1,700  calories  per  cu.  m.  The 
process  is  only  suitable  for  fuels  which  are  not  too  moist,  and  which  are  lumpy 
and  not  too  friable,  such  as  non-coking  lump  coals  and  lignite  briquettes. 
This  is  to  be  considered  definitely  as  an  auxiliary  process  which  does  not 
attempt  the  complete  recovery  of  the  tar,  but  which  enables  a  portion  to  be 
recovered  before  combustion,  with  plant  of  very  small  cost.     It  is  inherent  in 

'^Landsberg,  Braunkohlenschwelung  in  Verbindung  mit  Kesselfeuerung 
(Lignite  carbonisation  co-ordinated  with  boiler  firing);  Braunkohle  1928. 
p.  21. 
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Fig.   1 1. — Carbonisation  Works,  Minna-Anna,  Near  Gölzau.     Elevation  of  Buildings  from  Winding  Engine  to  Grinding  Plant. 


Fördermaschinenhaus  =  Winding  engine  house. 
Schachtgebäude  und  Kaue  =  Pit  head  with  winding  gear. 

Nassdienst  =  Washers. 

Trockenhaus  =  Drying  shed. 

Teergewinnung  =  Tar  recovery. 

Kokskühlanlage  =  Coke-cooling  plant. 

Mahlanlage  =  Grinding  plant. 
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its  character  that  it  can  only  be  used  for  boilers  utihsed  to  supply  a  basic  load. 

The  true  lignite  carbonisation  power  works   has  only  arisen  in   Germany 

during  the   last  two  years,   but  is  developing  rapidly.     At   the   moment   a 


Fig.    12. — Linke-Hofmann    Dust-fired     Boilers    in    Carbonisation    Plant     at 

Gölzau. 


considerable  number  of  large  plants  are  either  designed  or  under  construction. 
The  carbonisation  power  works  at  Minna-Anna,  near  Gölzau,  is  already  in 
operation,  and  was  constructed  for  the  Kohlenveredlungsgesellschaft  by  the 
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Allgemeine  Elektrizitäts-Gesellschaft. ^*  Figs.  10  and  11  show  the  complete 
lay-out  and  the  flow-sheet  from  the  pit  to  the  grinding  plant.  The  use  of 
dust-fired  boilers  of  a  new  type  from  the  Linke-Hofmann  Works  is  of  interest 
(Figs.  12  and  13),  in  which  Bettington's  old  idea  has  been  utilised  for  the  con- 
struction of  dust-fired  steam  producers  as  an  organic  whole.  Gölzau  was 
primarily   designed   as   a  self-contained   carbonisation  plant,   and    not   as   a 


Fig.    13. — Linke-Hofmann     Dust-fired    Boilers    in    Carbonisation     Plant    at 

Gölzau. 

Schnitt  =  Section. 


carbonisation  power  plant,  as  it  will  sell  all  the  semi-coke  which  is  not  required 
for  the  production  of  its  own  supply  of  power.  Its  conversion  into  a  carbonisa- 
tion power  plant  would,  however,  in  no  way  alter  the  principles  of  its  design. 
It  would  only  be  necessary  to  enlarge  the  grinding  plant  and  to  supply  the 
power  station  with  additional  dust-fired  boilers  and  condensing  engines,  in 
order  to  utilise  that  portion  of  the  coke  which  is  at  present  sold.  The  thermal 
co-ordination  of  the  carbonisation  power  plant,  according  to  the  principles 

**First  communication  of  the  A. E.G.  1928,  Schwelwerk  Gölzau. 
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Trockenkohle 

Rohkohle 

Schwelhaus 

Trockner 

Siebtrommel 


=  Dry  lignite. 

=  Crude  lignite. 

=  Retort  house. 

=  Dryer. 

=  Revolving  screen. 


a  -  Halbkoks  oder  Trockenstaub 
b- Halbkoks 


c  -  Generator 

d  •  Teerkondensation 


Figs.   14  and    15. — Project  for  a  Lignite  Carbonisation  Power  Works. 
(  Kohlenveredlungs-Gesellschaf  t.  ) 


Kesselhaus  =  Boiler  house. 

a  =  Semi-coke  dust  or  dry  lignite  dust, 

b  =  Semi-coke. 

c  =  Gas  producer. 

d  =  Tar  condensation  plant. 
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Fig.    16. — Design  for  a  Low-temperature  Coal  Carbonisation  Power  Plant  of 
90,000   kW.      (Kohlenscheidungs-Gesellschaft.) 

1.  Pithead. 

2.  Coal  storage. 

3.  Crane. 

4.  Coal  drying  plant. 

5.  Low  level  coal  bunkers. 

6.  Coal  grab  conveyor. 

7.  Low-temperature  carbonisation  plant  with  twelve  rotary  retorts. 

8.  Bottom-fired  gas  producers. 

9.  Gas  coolers. 


994 


c32 


GERMANY:  COAL  PROCESSING 

10.  Gas  suction  fan  and  pumping  shed. 

1 1 .  Light  oil  recovery  plant. 

12.  Light  oil  washers. 

13.  Tar  separators. 

14.  Tanks  for  light  oil  and  heavy  oil. 

15.  Gas  holders. 

16.  Cooling  frames. 

17.  Store  rooms. 

18.  Hoist  for  semi-coke. 

19.  Cooling  plant  for  semi-coke. 

20.  Grinding  plant  and  dust  conveying  pumps. 

21.  Boiler  house  with  eight  boilers  each  of    1,000  sq.   m.    heating 

surface. 

22.  Feed  pump  shed. 

23.  Turbine  shed  with  six  turbines  each  of  22,500  kW. 

24.  Ash  pit. 

25.  Workshop. 

26.  Converter  shed. 

27.  Transformer  shed. 

28.  Lodge. 

29.  High  tension  switchboard  shed. 

30.  Offices. 


already  developed  in  this  article,  has  been  carried  out  in  the  actual  carbonisa- 
tion plant.  The  novel  form  which  carbonisation  power  plants  may  assume  is 
illustrated  by  a  project  of  the  Kohlenveredlungs-Gesellschaft,  with  vertical 
Geissen  retorts  and  new  dust-fired  boilers,  shown  in  Figs.  14  and  15.^'  In  this 
case  producer  gas  is  provided  for  heating  the  carbonising  retorts,  so  that  the 
gas  produced  by  the  carbonisation  may  be  utilised  for  long  distance  gas  supply. 
Finally,  Fig.  16  shows  the  project  for  a  90,000  kW.  coal  low-temperature 
carbonisation  power  works,  designed  by  the  Kohlenscheidungs-Gesellschaft. 
The  plan  gives  a  good  idea  of  the  essential  arrangement  and  the  general 
lay-out.  Flue  gas  dryers  are  provided  for  the  drying  plant,  so  that  condensing 
engines  alone  are  used  in  the  power  plant.  The  carbonisation  plant  consists 
of  twelve  rotary  furnaces  built  by  the  Kohlenscheidungs-Gesellschaft^^  with 
a  throughput  of  75  metric  tons  each  daily.  They  are  also  heated  with  producer 
gas,  so  that  the  rich  carbonisation  gas  may  be  otherwise  utilised.  The  thermal 
co-ordination  is  consequently  much  less  close  than  in  the  lignite  carbonisation 
power  stations,  and  is  essentially  restricted  to  the  supply  of  coke  from  the 
carbonisation  plant  to  the  power  station.  The  problem  of  the  storage  of 
materials  is  in  this  case  solved  in  the  sense  of  the  principles  which  we  have 
already  mentioned,  in  such  a  manner  that  the  grinding  plant  is  able  to  supply 
the  boilers  with  pre-dried  semi-coke  dust,  dry  semi-coke  dust,  dry  crude  lignite 
dust  and  moist  crude  lignite.  Fluctuations  in  the  supply  of  materials  are 
absorbed  by  the  grinding  plant,  which  is  so  large  that  three  mills  are  able  to 
cover  the  fuel  requirements  of  the  boilers  during  continuous  working,  so  that 
apart  from  the  storage  of  dust  above  the  boilers,  the  bunkers  of  the  grinding 
mills  are  able  to  absorb,  and  the  reserve  mills  can  supply,  any  sudden  peak 
requirements.  A  further  reserve  can  be  drawn  upon  in  the  form  of  several 
boilers  which  are  provided  with  burners  for  carbonisation  gas,  which  is  supplied 
from  the  gas  holders. 

^'Löbinger,  Gewinn  aus  Kohle  (Profit  from  coal),  p.  34. 
isCantieny,  Z. V.D.I.  1925,  p.  547. 
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Conclusion. — In  accordance  with  its  title,  the  present  article  is  entirely 
confined  to  the  co-ordination  between  fuel  processes  and  electric  power 
production.  A  whole  series  of  other  co-ordinations  are  also  possible,  and  are 
economically  promising.  We  may  more  particularly  refer  to  the  treble 
co-ordination  between  low-temperature  carbonisation,  coke  ovens  or  gasworks 
and  electricity  supply  works.  At  present  a  sharp  distinction  is  everywhere 
made  between  the  gas  and  electric  supply  works  of  towns.  The  co-ordination 
of  these  offers  a  wide  field  of  technical  and  economic  possibilities  which  héis 
hardly  so  far  been  approached,  and  which  entails  low-temperature  carbonisa- 
tion, the  utihsation  of  the  semi-coke  for  the  production  of  water-gas,  and  for 
mixing  with  the  rich  carbonisation  gas  which  may  be  supplied  to  the  urban  or 
long  distance  gas-transmission  system,  the  pulverisation  of  the  small  coke 
which  can  be  fired  under  the  boilers  of  the  electric  supply  works,  and  finally, 
the  supply  of  household  fuel  in  the  form  of  smokeless  lump  semi-coke  or 
briquetted  semi-coke. 
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General  Remarks 

During  the  past  two  years  the  authors  have  had  occasion  to  prepare 
a  number  of  papers  upon  the  position  of  the  low-temperature 
carbonisation  of  coal,  particularly  in  relation  to  the  conditions 
prevailing  in  this  country.  As  little  new  information  has  become 
available  since  the  appearance  of  the  last  of  the  papers  referred  to 
it  will  be  convenient  here  to  summarise  the  technical  data  con- 
tained in  them. 

The  steady  developments  which  have  taken  place,  both  at  the 
Fuel  Research  Station  and  in  connection  with  the  many  firms  and 
individuals  interested  in  these  processes,  are  gradually  removing 
the  economic  and  social  uncertainties;  and  while  it  is  still  too  early 
to  forecast  the  evolution  of  a  new  industry  to  deal  with  the  car- 
bonisation of  millions  of  tons  of  coal  per  annum,  there  is  little  doubt 
that  such  circumstances  exist  in  various  localities  as  allow  of  definite 
processes  being  introduced  with  reasonable  hope  of  commercial 
success.  At  what  point  such  developments  will  find  their  economic 
level  no  one  can  predict. 
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Application  at  Gasworks 

It  may  be  stated  as  a  generalisation  that  there  are  four  possible 
appHcations  of  low  temperature  carbonisation  plants  to  bituminous 
coals  in  this  country.  The  conditions  vary  widely,  and  no  one  type 
of  plant  can  conceivably  prove  the  best  in  all  circumstances.  The 
first  application  to  be  considered  is: — 

(1)  Plants  auxiliary  to  high-temperature  apparatus  at  gasworks. 

In  such  a  situation  a  ready  market  would  be  found  for  the  rich 
gas  associated  with  externally-heated  retorts.  The  lower  grade 
gas  from  internally-heated  retorts  might  also  be  utilised  to  a  limited 
extent,  but  at  present  only  to  replace  the  producer  gas  normally 
used  for  heating  other  gasworks  plant. 

From  time  to  time  suggestions  have  been  made  in  various  quarters 
regarding  the  possibility  of  distributing  gas  of  low  calorific  value 
for  industrial  and  general  purposes.  It  is  now  known  that  a  Mac- 
laurin  plant  has  been  erected  at  the  Nuneaton  gasworks,  by  an 
independent  company,  and  the  Maclaurin  gas  of  calorific  value 
about  240  B.Th.U.  will  be  available  for  distribution  for  domestic 
use,  whilst  the  smokeless  fuel  {Kin cole)  will  be  sold  for  the  same 
purpose. 

The  marketing  arrangements  possessed  by  the  gas  companies 
would  afford  a  very  promising  method  of  profitably  disposing  of  the 
smokeless  fuel  manufactured.  The  raw  coal  would  have  to  be 
transported  from  the  coalfields  to  the  works  as  at  present,  but  the 
coke  would  be  produced  in  the  centre  of  utilisation.  The  raw 
material  would  probably  be  of  similar  quality  and  price  to  that 
ordinarily  utilised  in  these  undertakings,  although  if  the  method 
were  proved  capable  of  large  development  special  types  of  coal 
which  are  not  generally  suitable  for  gasworks  purposes,  but  are 
particular^  suitable  for  low-temperature  carbonisation,  would 
probably  be  utilised.  Should  it  ever  become  possible  to  substitute 
low-temperature  coke  for  a  large  proportion  of  the  40  millions  of 
tons  of  coal  used  for  domestic  purposes,  the  simultaneous  production 
of  rich  gas  would  become  so  great  that  it  could  never  be  dealt  with 
apart  from  the  gas  industry. 

Although  the  more  recent  developments  of  low-temperature 
carbonisation  may  be  considered  to  have  originated  with  the  work 
of  Parker  in  1906,  it  must  not  be  forgotten  that  all  carbonisation 
in  gasworks  was  in  the  early  days  of  the  industry  carried  out  at 
low  temperatures  in  iron  retorts.  Technically  it  is  possible  for  the 
methods  of  carbonisation  in  gasworks  to  be  modified  so  as  to  produce 
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a  more  easily-ignitable  and  free-burning  coke.  Systems  of  blending 
offer  a  solution  of  the  problem  of  producing  free-burning  cokes  in 
gas  retorts  and  in  coke  ovens.  Further,  the  work  of  Lessing  and 
Cobb  and  their  colleagues  (J.  C.  S.  1924,  125,  2344,  and  Proceedings 
of  Institution  of  Gas  Engineers,  1926-1927)  has  indicated  that  by 
treating  either  the  coal  before  carbonisation  or  the  resulting  coke 
with  suitable  reagents,  it  is  possible  to  modify  the  properties  of  the 
coke  and  provide  a  fuel  possessing  greater  activity  than  ordinary 
coke.  Speaking  in  a  broad  sense  it  would  appear  natural  for  the 
gasworks  to  enter  into  the  solid  fuel  markets  to  a  greater  extent 
than  at  present,  and  for  them  to  produce  a  smokeless  solid  fuel 
suitable  in  every  way  for  domestic  apphances.  It  is  frequently 
suggested  that  such  a  procedure  would  not  be  so  beneficial  as  the 
alternative  of  a  greatly  increased  use  of  gas  for  all  domestic  pur- 
poses. It  must  be  recognised,  however,  that  so  long  as  the  com- 
munity retains  its  desire  for  an  open  fire,  it  is  to  the  advantage  of 
industry  to  meet  the  demand  in  the  most  efficient  manner  possible, 
and  we  beheve  that  a  supply  of  carefuUy  sized  smokeless  fuel 
would  be  the  greatest  benefit  to  the  individual  householder  and 
the  community  at  large.  Members  of  the  gas  industry  are  fuUy 
alive  to  the  possibiHties  of  widening  their  markets  by  the  adoption 
of  such  methods  in  combination  with  those  at  present  practised, 
but  large  developments  can  only  take  place  after  it  has  been  demon- 
strated that  plants  can  pay  in  such  situations.  The  object  of  the 
commercial  experiment  at  present  being  undertaken  by  the  Gas 
Light  and  Coke  Company,  with  a  trade  facilities  guarantee  of  the 
capital  cost  of  the  plant,  is  intended  to  provide  data  upon  which 
reliable  forecasts  of  the  economic  position  of  such  plants  can  be 
based. 

Application  at  Collieries 

The  second  direction  of  development  to  be  considered  is: — 

(2)  Plant  at  collieries,  especially  where  good  quality  fine  coal  is 

available  at  a  favourable  price. 
Developments  in  the  future  might  render  it  possible  to  pipe  the 
gas  produced  for  town  or  industrial  purposes,  but  in  general  a  use 
would  have  to  be  found  for  the  gas  on  the  spot.  If  the  smokeless 
solid  fuel  is  to  be  disposed  of  for  domestic  purposes  a  raw  material 
of  good  quality,  low  in  ash,  would  be  necessary,  and  the  price  at 
which  this  material  could  be  debited  to  the  plant  would  have  to  be 
such  that  it  had  borne  its  proper  share  of  the  mining  costs.  If  the 
solid  residue  could  be  disposed  of  for  making  pulverised  fuel  for 
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power  purposes  a  lower  grade  and  cheaper  material  could  be  used, 
but  the  resultant  product  would  only  command  a  price  considerably 
less  than  that  obtainable  for  domestic  coal.  Simple  and  cheap 
plant  could,  however,  be  used  in  the  latter  case.  Several  t>^es  of 
plant  are  at  present  under  erection  at  collieries,  and  accurate 
information  as  to  their  commercial  working  should  shortly  be 
available. 

Independent  Installations 

(3)  Independent  plants. 

Such  plants  would  not  necessarily  be  tied  down  to  particular 
supplies  of  fuel,  but  would  often  be  handicapped  by  being  unable 
to  find  a  remunerative  market  for  the  gas  made.  Examples  of 
these  are  Leigh  Smokeless  Fuels  Ltd.  and  the  Low  Temperature 
Carbonisation  Ltd.  plant  at  Bamsley.  In  the  case  of  the  latter 
process,  however,  a  large  plant  is  being  erected  in  connection  with 
a  coUiery,  so  that  data  will  shortly  be  available  bearing  on  its  com- 
mercial success  in  both  situations  (2)  and  (3). 

Co-ordinated  Plants 

(4)  Plants  run  in  conjunction  with  boiler  plants  in  electric  stations 

or  large  industrial  works  which  would  normally  purchase  a 

low-grade  slack  for  their  raw  material. 
In  general  the  oil  only  would  be  sold,  although  it  is  conceivable 
that  arrangements  might  be  made  for  the  sale  of  gas  in  suitable 
circumstances.  The  plant  on  the  Merz  cycle  at  Newcastle  falls 
into  this  group,  a  plant  having  been  operated  for  some  years  at  the 
Dunstan-upon-Tyne  power  station,  the  details  of  which  are  being 
dealt  with  elsewhere  at  this  conference.  Another  plant,  exemplified 
by  the  McEwen-Runge  installation  at  Milwaukee,  also  faUs  into  this 
group.  In  this  apparatus  the  coal  is  first  powdered  and  then 
showered  down  a  vertical  retort,  being  carbonised  by  an  upward 
current  of  heated  gas.  The  carbonised  material  is  intended  to  be 
delivered  in  the  hot  condition  to  the  pulverised  fuel  burners.  A 
plant  of  large  capacity  is  being  run  experimentally  at  the  present 
time,  but  the  technical  difficulties  have  not,  it  is  understood,  been 
completely  surmounted. 

Four  Stages  of  Development 

In  the  development  of  any  commercial  process  of  carbonisation 
it  is  generally  necessary  that  four  distinct  stages  should  be  passed 
through: — 
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(1)  The  suggested  method  must  be  investigated  under  laboratory- 

conditions,  where  the  varying  factors  involved  can  be  sub- 
jected to  close  control,  and  where  relatively  high  accuracy 
of  measurement  can  be  obtained. 

(2)  The  process  is  carried  a  stage  further  by  erecting  an  inter- 

mediate-scale unit,  with  a  view  to  obtaining  further  designing 
data  for  a  still  larger  unit.  In  this  stage  the  plant  will 
probably  deal  with  several  cwt.  a  day. 

(3)  Making  use  of  the  information  yielded  in  stage  2,  a  full-scale 

unit  must  now  be  erected  and  tried  out.  The  size  of  this 
unit  would  depend  upon  the  type  of  plant,  but  might  range 
between,  say,  5  tons  and  100  tons  daily  capacity.  It  is 
essential  that  this  unit  should  be  capable  of  multiplication  to 
the  full  size  of  commercial  unit  without  any  alteration  in  scale. 

(4)  A  commercial  battery  consisting  of  several  units  similar  to 

those  developed  in  stage  3  would  be  erected  in  some  favour- 
able locality,  and  the  economic  possibilities  of  the  system 
examined  in  actual  practice,  and,  if  necessary,  tested  by 
actual  commercial  audit. 

There  are  some  sixteen  plants  known  to  us,  of  which  units  capable 
of  dealing  with  about  10  tons  a  day  are  in  existence,  or  in  course  of 
erection.     The  plants  may  be  separated  into  two  main  groups: — 

(a)  Those  in  which  the  solid  product  of  carbonisation  is  obtained 
in  lump  form  sufficiently  robust  for  transport  and  suitable 
for  ordinary  domestic  grates.  Such  processes  are: — Coalite; 
Crozier;  Dvorkovitz;  Fuel  Research;  Hird;  lUingworth; 
K.S.G.;  Maclaurin;  Midland  Coal  Products;  Plassman; 
Sutcliffe;    Turner. 

(6)  Those  in  which  the  solid  residue  is  mainly  small  in  size.  It 
must  be  recognised,  however,  that  a  proportion  may  be 
obtained  in  lump  form.  The  product  will  be  utilised  as 
pulverised  fuel  or  converted  into  briquettes.  Such  plants 
are: — Freeman  Multiple  Retort;  Fusion  Rotary  Retort; 
"L.  and  N."  process;   Merz  and  McLellan;   Salermo  system. 

The  processes  may  be,  again,  differentiated  by  the  method  of 
heating  adopted,  and  this  factor  determines  the  type  of  gas  pro- 
duced. In  systems  in  which  the  retorts  are  externally  heated,  the 
gas  is  small  in  volume  and  high  in  calorific  value.  In  intemaUy- 
heated  systems,  on  the  other  hand,  large  volumes  of  low  calorific 
value  gas  are  obtained,  except  where  steam  is  the  heating  medium. 
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The  processes  of  low-temperature  carbonisation  enumerated 
embrace  the  stages  of  development  from  the  unit  plant  capable  of 
carbonising  10  tons  a  day,  to  the  full  commercial  scale  where  the 
largest  plant  in  the  country,  that  of  Low  Temperature  Carbonisation 
Ltd.,  at  Barugh  near  Bamsley,  is  dealing  with  upwards  of  200 
tons  of  coal  per  day. 

Plants  Tested 

It  will  be  recollected  that  in  1924  the  Department  of  Scientific 
and  Industrial  Research  was  authorised  to  test  at  the  request  of  the 
promoters  any  plant  which  claimed  to  have  reached  the  stage  where 
a  full  sized  unit  was  available.  The  following  processes  have  been 
tested  and  technical  reports  published: — 

The  CoaHte  process.  Low  Temperature  Carbonisation  Limited, 
Bamsley. 

Midland  Coal  Products,  Colwich,  Nottingham. 

Fusion  Rotary  Retort,  Fusion  Corporation  Limited,  Middlewich. 

The  Freeman  Multiple  Retort,  British  Oil  and  Fuel  Corporation 
Limited,  Willesden. 

Crozier  Process,  Mineral  Oils  Extraction  Limited,  Wembley. 

A  test  has  also  been  completed  upon  the  Maclaurin  plant  at  Glas- 
gow. In  this  case  those  responsible  for  the  development  of  the 
process  waited  until  they  had  reached  the  end  of  the  stage  of 
the  complete  commercial  plant  before  asking  for  an  official  test  to  be 
carried  out .  This  plant  is  designed  for  a  throughput  of  about  1 00  tons, 
has  been  in  operation  since  August,  1925,  in  the  Dalmarnock 
Gasworks  of  the  Glasgow  Corporation,  and  since  the  coal  stoppage 
has  been  steadily  carbonising  from  50  to  70  tons  of  coal  a  day. 

Several  other  processes  are  also  approaching  the  end  of  stage  (4) 
where  commercial  units  have  been  in  operation  for  some  time. 
These  include  the  Illingworth  process,  a  plant  of  42  tons  a  day 
capacity  being  in  operation  at  Pontypridd;  Midland  Coal  Products 
plant  of  100  tons  a  day  capacity  at  Colwick;  Fusion  Corporation 
plant  working  on  cannel  at  Welbeck;  and  a  plant  working  on  the 
Merz  cycle  at  Newcastle.  A  plant  of  the  Leigh  Smokeless  Fuels 
Ltd.,  designed  for  a  throughput  of  100  tons  a  day,  also  exists,  but  it 
is  understood  that  this  is  not  actually  working  at  the  present  time, 
having  been  shut  down  for  minor  alterations 

The  technical  data  quoted  in  Table  I  have  been  abstracted 
from  the  official  reports  of  the  tests,  where  available,  or  were  sup- 
plied by  the  firms  themselves  for  the  purposes  of  the  Carbonisation 
Conference  held  recently  at  Birmingham. 
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TABLE   I.— LOW-TEMPERATURE    PROCESS  YIELDS 


Volatile      matter 

moisture 
Fixed  carbon 


Ash 

Carbon 

Hydrogen 

Sulphur 

Nitrogen 

Oxygeu,  etc 

SOLID  PRODUCT— 

Volatile  matter,  p.  rt. 
Breeze  throuyU  i-iii.  sq. 

Temperature  of  rarboni- 


Specific  gravity. . 
Spirit  from  gas.  gallo 
per  ton 

Water      . . 

Up  to  120°C.      .. 

Up  to  I7n''C.      . . 

120°-23U°C. 

17n°-230°C. 

231)»-27ü°C 

270'-300''C. 

270°-31O°C. 

270'-330°C 

270".345"C 

2;0'-360''C 

300'.350°C 

Piteh  ..     ■ 

far  acids 


CAS— 
Volume  of  gas, 


i.  ft.  per 


Calorific  value,    R.Th.U. 

co""'  :: 

Cnflm      .. 

°> 
CO 
H, 
CnH  n  + 


4-75 
80-05 
4-95 
110 
1-6U 
7-411 


5-94 
77-72 
4-91 


Briquettes 
Charged 


15-0 
up  to  1200 


21-0 
1-076 


26-9 

63-2 
0-8 
13-4 


46-6 
3S-8 
14-8 


15-00 
70-20 
6-32 
0-78 
1-50 
6-20 


Kirkby 
Hards. 


7-73 
75-03 
4-83 
1-56 
1-36 


13-3 

15-2 

59-3 


21-1 

1-057 
0-85 


29-8 

39-3 
0-6 
24-5 


charged 

wet 
weather) 

34-0 
44-2 
111-4 


11-77 
71-40 
4-84 
0-80 
1-58 


{     11} 

1-028 


1-032 

typical  tar 
1-70 
0-64 

'5-47 

14-14 


Caking 
suitably 
Blended. 


Iliing- 
worth 
Carboni- 
sation, 


Rough 
Slack 
Caking. 


11-4 
caking 


23-0 
40-7 


20-3 
1-023 


•  Plants  tested  by  Fuel  Research  Board  staff. 
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Economic  Considerations 

It  is  necessary  to  examine  the  significance  of  the  nature  of  the 
products  upon  the  possible  future  development  of  low-temperature 
carbonisation.  It  must  be  accepted  that  if  the  processes  are  to 
show  a  reasonable  profit,  not  only  must  the  solid  product,  the  tar 
and  the  gas  all  be  utihsed  to  the  full,  but  also  the  coal  must  be 
obtainable  at  a  reasonable  price. 

The  prospects  of  low-temperature  carbonisation  generally  are 
boimd  up  with  the  gas  industry  and  the  coke  oven  industry,  and 
with  the  trends  in  industry,  as  they  bear  upon  the  grades  of  coal 
available  for  the  process.  Many  of  the  low-temperature  processes 
have  been  devised  to  treat  small  sizes  of  coal,  with  a  view  to  "step- 
ping-up"  the  value  of  the  products  obtained.  It  is  frequently 
assumed  that  these  grades  of  coal  will  be  low  priced.  It  is  import- 
ant to  examine  briefly  the  general  position  in  relation  to  small  sizes 
of  coal  and  the  saturation  of  the  domestic  requirements.  There  is, 
undoubtedly,  a  general  increase  in  the  demand  for  small  coal. 
Many  devices  have  been  developed  for  the  combustion  of  such 
grades  of  coal,  e.g.,  modern  chain  grates,  special  furnaces,  pulverised- 
fuel  plants,  and  the  gas  industry  and  the  coke  oven  industry  utilise 
some  of  these  grades  of  coal  in  their  normal  processes. 

These  two  industries  together  utihse  in  all  about  36,000,000  tons 
of  coal  per  annum,  or  about  one-fifth  of  the  total  coal  consumed 
in  the  country.  The  general  effect  of  the  cheapening  of  gas  and 
the  sale  of  a  coke  more  suited  to  domestic  requirements  is  to  decrease 
the  demand  for  raw  coal  for  domestic  purposes.  The  effect  of  this 
trend  is  important,  because  it  has  been  possible  for  collieries  to  offer 
certain  grades  of  small  coal  at  low  prices,  since  they  were  able  to 
demand  a  higher  price  for  the  sized  coal.  If  the  household  market 
for  the  lump  coal  is  filled  by  fuels  made  from  small  coal,  whether 
coal  gas,  gas  coke,  oven  coke,  or  low-temperature  coke,  the  natural 
result  will  be  an  increase  in  price  of  the  small  coal  until  it  bears 
its  full  mining  cost.  This  conclusion  is  obviously  of  importance 
in  considering  the  commercial  possibilities  of  low-temperature 
carbonisation,  as  it  is  both  local  and  general  in  its  action.  It  may, 
in  fact,  be  necessary  to  crush  lump  coal  in  order  to  meet  the  demand 
for  small  sized  coal.  On  the  other  hand,  the  general  product  of  a 
colliery  may  be  cheapened  if  there  is  no  longer  any  occasion  to 
exercise  special  care  in  obtaining  the  maximum  amount  of  large  coal. 

For  the  purposes  of  low-temperature  carbonisation  coals  may  be 
classified  according  as  the  resultant  cokes  occupy  a  greater  or  less 
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volume  than  the  fine  coal  from  which  they  were  produced.  By 
blending  strong  and  weakly — or  non-coking  coals  it  is  usually  possible 
so  to  adjust  the  mixture  that  a  well-knitted  coke  is  produced  which 
is  sHghtly  shrunken,  so  that  the  product  leaves  the  retort  with  ease. 
In  this  way  the  excess  binder  of  the  more  coking  variety  is  utilised 
to  supply  the  deficiency  of  binder  in  the  more  inert  material.  Some- 
times the  breeze  produced  by  the  plant  is  utilised  by  blending  with 
a  coking  coal  in  this  manner. 

Characteristics  of  Coals 

A  considerable  amount  of  data  is  now  available  as  to  the  properties 
of  coals  under  low-temperature  treatment.  The  following  is  a 
brief  description  of  some  of  those  which  were  either  used  in  the 
tests  mentioned  above,  or  in  the  experimental  work  on  the  exter- 
nally-heated retorts  developed  at  the  Fuel  Research  Station,  which 
are  typical  of  a  fairly  wide  range. 

Dalton  Main  Coal.  This  coal  was  used  in  the  test  of  the  "Coalite" 
plant  and  has  also  been  largely  used  in  the  work  of  the  Fuel  Research 
Station.  It  is  a  mediimi  caking  coal.  The  size  in  the  case  of  the 
test  in  the  Parker  retort  (Low  Temperature  Carbonisation  Ltd.) 
was  a  washed  breeze  up  to  |  in.  In  the  Fuel  Research  plant,  nuts, 
of  which  35  to  43  per  cent,  passed  through  \  in.  sq.  mesh,  were  used. 

Kirkhy  Top  Hard. — Used  in  the  test  of  the  Midland  Coal  Products 
plant,  the  test  of  the  Freeman  retort,  and  blended  with  more 
strongly-coking  coals  at  the  Fuel  Research  Station.  This  coal  has 
low  caking  properties.  The  drained  washed  slack  was  briquetted 
with  about  9  per  cent,  of  pitch  for  the  test  in  the  Midland  Coal 
Products  plant.  In  the  test  on  the  Freeman  plant  washed  slack 
was  used. 

Welbeck  Cannel. — Run-of-mine  cannel  was  used,  containing  some 
10  per  cent,  of  bituminous  coal  which  it  was  not  economical  to 
separate.  The  mixture  yielded  fairly  compact  coke  in  the  assay 
test,  and  the  coke  from  the  ground  cannel  was  a  coherent  mass. 

Jiillygarth  Coal. — This  is  a  splint  coal  which  does  not  swell  unduly 
on  carbonisation.  The  coke  produced  in  the  assay  was  only  just 
coherent;    the  Campredon-Gray  value  was  4. 

For  the  Maclaurin  plant,  coals  possessing  caking  indices  between 
eight  and  sixteen  are  suitable,  though  coals  with  indices  as  high 
as  twenty-three  have  been  treated.  The  sizes  preferred  are  treble 
nuts  and  upwards.  The  plant  is  not  suitable  for  small  coal  and 
dross. 
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Leigh  Smokeless  Fuels  Ltd.  can,  by  suitable  blending  of  caking 
and  non-caking  coals,  utilise  a  wide  range  of  raw  materials;  the 
coal  is  briquetted  by  pressure  alone  prior  to  carbonisation. 

For  the  plant  of  the  Illingworth  Carbonisation  Ltd.,  the  coking 
power  of  the  raw  material  was  adjusted  by  preliminary  heat  treat- 
ment, and/ or  by  blending  so  as  to  present  to  the  retort  a  product 
of  relatively  uniform  properties  with  regard  to  its  behaviour  in  the 
particular  plant. 

In  the  low-temperature  plant  at  the  Fuel  Research  Station  many 
other  types  of  coal  have  been  treated,  among  them  being  the 
following: — Mitchell  Main  (highly  caking),  Durham  coal  (highly 
caking),  Kinneil  gas  coal  (caking),  Warwickshire  slate  coal  (non- 
caking)  ,   Wearmouth    (caking) . 

It  will  be  observed  that  coals  of  many  different  types  can  be 
treated  in  the  various  plants,  and  that  certain  of  the  methods,  e.g., 
the  Maclaurin  process,  are  limited  to  particular  varieties  of  coal. 

Coal  and  Coke  Prices 

The  prospects  of  commercial  success  of  low-temperature  carbon- 
isation plants  depend  very  largely  upon  the  margin  of  difference 
between  the  price  paid  for  the  raw  material  and  the  price  which 
can  be  obtained  for  the  smokeless  fuel.  The  price  at  which  really 
large  quantities  of  smokeless  fuel  will  appeal  to  the  public  will 
probably  be  about  that  of  household  coal.  If  fines  of  good  quality 
are  available  at  a  low  price  the  prospects  of  commercial  success  of  a 
suitably  placed  plant  are  considerably  enhanced.  On  the  other 
hand,  if  the  process  should  grow  to  such  a  scale  as  to  deal  with 
millions  of  tons  of  coal  per  annum,  the  price  paid  for  the  coal  is  not 
likely  to  be  much  less  than  that  being  paid  at  the  present  time  by 
the  gas  industry.  This  varies  widely  according  to  locality,  and 
Talkie  II  gives  the  average  price  of  coal  at  the  colliery  at  different 
districts. 


LLING  PRICE  OF  COAL 


Lancashire  &  Cheshire 
South  Yorkshire     ... 

Notts  

Kent  


1924. 

1925. 

1926. 

s.   d. 

s. 

d. 

s.   d. 

18   0-3 

14 

9-8 

15   0-6 

1   19   5-8 

15 

7-8 

14   4-9 

19  10-6 

19 

0-5 

21   5-9 

18   M 

15 

7-8 

17   6-7 

17  111 

15 

2-5 

25   0-4 

18   2-4 

18 

8-6 

25   1-9 
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For  the  purposes  of  comparison,  the  average  selhng  price  of  coke 
for  three  years,  exported  and  ex  works,  is  given  in  Table  III. 

TABLE  III. 
PRICE  OF  COKE  (EXPORT) 


Gas  coke. 

Other  sorts. 

Great  Britain  only. 
Coke  price  at  works. 

1924 
1925 
1926 

tons.        s. 
964,539  34 
889,281   21 
387,323  20 

d. 
lOi 

8 
9 

tons.          s.       d. 

1,847,672  32       5-7 

1,222,476  23     11-2 

376,356  22     11-2 

1924 
1925 
1926 

tons.            s.     d. 
7,419,305     29      3-1 
7,396,681      23     11-2 
6,970,733     28       8 

An  improved  quahty  of  gas  coke  or  smokeless  fuel  is  obviously 
likely  to  command  higher  prices. 

Coke 

The  soHd  residue  from  low-temperature  carbonisation  forms  some 
70  per  cent,  of  the  weight  of  the  original  coal,  and  its  properties 
must  be  closely  examined  in  order  that  comparisons  may  be  possible 
with  other  solid  fuels. 

In  the  plants  quoted  in  the  Table  I.,  with  the  exception  of  the 
products  from  the  "Fusion"  rotary  retort,  the  Freeman  "Multiple" 
retort,  and  the  "Salermo"  process,  the  solid  residue  is  in  lump  form, 
and  is  suitable  for  general  domestic  purposes.  The  amount  of 
volatile  matter  present  is  only  a  broad  indication  of  the  ease  with 
which  the  products  will  ignite,  for  with  as  little  as  4  per  cent,  low- 
temperature  coke  wiU  ignite  readily  and  yield  a  good  fire  in  the 
ordinary  domestic  grate.  It  is  not  necessary,  as  often  assumed,  for 
it  to  contain  8  to  10  per  cent,  of  volatile  matter. 

The  product  from  the  Coalite  plant  is  robust,  contains  only 
4  per  cent,  of  volatile  matter,  and  yields  a  good  hot  fire  in  an 
ordinary  domestic  grate. 

The  product  from  the  Midland  Coal  Products  plant  consists  of 
carbonised  briquettes  and  portions  of  briquettes.  It  is  quite  suited 
for  stoves  as  a  substitute  for  anthracite,  but  was  not  so  successful 
in  the  domestic  grate. 

The  "Fusion"  rotary  retort  gives  a  smaU-sized  fuel  which  should 
be  suitable  for  conversion  into  pulverised  fuel. 

The  fuel  from  the  Freeman  "Multiple"  retort  is  in  powdered 
form  and  of  a  highly  combustible  nature,  and  would  be  suitable  for 
piilverising  or  briquetting. 
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The  fuel  from  the  Maclaurin  plant  (Kincole)  contains  3  to  4  per 
cent,  of  volatile  matter,  but  ignites  quite  readily.  According  to 
Maclaurin  the  ease  of  ignition  is  apparently  due  to  the  porosity 
of  the  fuel,  and  not  to  the  volatile  matter  retained.  This  conclusion 
is  supported  by  prolonged  experience  on  a  large  scale,  and  is  of 
great  importance  in  relation  to  the  suitabiUty  of  cokes  of  all  types 
for  the  domestic  fire. 

The  fuel  of  the  Illingworth  carbonisation  process  ("Ricoal")  is  in 
compact  lump  form,  and  owing  to  the  pre-treatment  the  texture 
and  properties  are  uniform. 

The  product  of  Leigh  Smokeless  Fuels  is  in  briquette  form.  Its 
density  is  from  1-00  to  ITO,  but  material  up  to  1-25  sp.  gr.  has 
been  made.  The  hardness  compares  with  foundry  coke.  It  is 
used  as  a  substitute  for  anthracite,  and  for  domestic  fires.  Its  high 
density  is  an  advantage  as  a  producer  fuel  and  for  steam  vehicles. 

The  "Salermo"  process  yields  a  product  of  small  size. 

The  conversion  of  small  coal  (slack)  into  limip  smokeless  fuel 
(household  fuel)  increases  the  so-caUed  size  value  of  the  product, 
and  it  becomes  a  competitor  of  the  grades  of  coal  for  which  higher 
prices  can  be  obtained.  Where,  on  the  other  hand,  the  semi-coke 
retains  the  size  of  the  original  slack,  its  uses  are  identical  with  those 
of  the  parent  coal,  and  it,  therefore,  competes  with  the  material  from 
which  it  was  made. 

The  chief  disadvantage  of  low-temperature  coke  compared  with 
coal  arises  from  its  low  bulk  density.  Broadly  speaking,  it  may 
be  assumed  that  the  lump  fuel  occupies  twice  the  volume  of  coal. 
In  view  of  this  the  cost  of  transport  will  be  slightly  greater.  This 
does  not  apply  to  the  pulverised  material,  since  the  bulk  density 
of  the  coke,  and  of  coal  of  similar  degree  of  fineness,  would  probably 
be  of  the  same  order. 

Advantages  of  Semi-Coke 

The  most  important  use  for  low-temperature  coke  is  undoubtedly 
as  a  domestic  fuel.  The  open  domestic  grate  which  is  used  so 
widely  in  Great  Britain  emits  the  bulk  of  its  effective  energy  as 
radiation.  Determinations  of  the  radiant  efficiency  of  various 
fuels  form,  therefore,  a  reasonable  basis  of  comparison  of  their 
value  for  domestic  purposes.  Dr.  Margaret  Fishenden  has  shown 
conclusively  that  the  radiating  power  of  coke  is  greatly  superior 
to  that  of  raw  coal;  for  instance,  the  proportion  of  the  theoretical 
energy  of  the  fuel  burned,  delivered  as  radiation  in  three  different 
types  of  sitting-room  grates  was  found  to  be  24-2  per  cent.,  19-5 
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per  cent,  and  17-3  per  cent,  for  bituminous  coal,  and  30-8,  24-0  and 
19-9  per  cent,  for  low-temperature  coke.  It  is  apparent,  therefore, 
that  a  low-temperature  coke  of  calorific  power  of  say,  1 2,500  B.Th.U. 
per  pound  will  normally  give  more  radiation  than  a  coal  fire  burning 
at  the  same  rate.  The  householder  thus  does  not  require  to  burn 
the  same  weight  of  coke  as  of  coal  in  order  to  obtain  the  same 
comfort  effect,  and  since  the  coke  is  more  bulky  than  coal  and  the 
grates  will  consequently  be  filled  with  a  smaller  weight,  the  general 
tendency  has  been  found  to  be  distinctly  economical.  In  order  to 
obtain  the  full  economy  the  draught  should  be  controlled. 

Some  of  the  advantages  are  neutralised  in  cokes  which  are  high 
in  ash  or  moisture.  Since  the  whole  of  the  ash  of  the  original  raw 
material  is  concentrated  in  the  coke  during  carbonisation,  the  ash 
content  of  the  latter  wiU  be  unduly  high  unless  the  raw  material 
is  comparatively  pure.  This  emphasises  the  necessity  for  using 
a  good  quahty  raw  material;  coking,  whether  at  high  or  low  tem- 
perature, cannot  be  regarded  as  a  means  of  producing  a  satisfactory 
smokeless  domestic  fuel  from  coals  which  owe  their  low  price  to  a 
high  ash  content. 

The  combustibiMt}'  of  low-temperature  coke  is  of  interest  as  a 
guide  to  the  ease  with  which  a  fire  can  be  made  from  the  product, 
and  a  series  of  comparative  tests  of  this  nature  has  been  carried 
out  in  ordinary  domestic  grates.  It  has  been  found  that  with  a 
charge  of  eight  pounds  of  low-temperature  coke  independent  com- 
bustion can  be  assured  by  the  application  for  seven  minutes  of  a 
gas  fighter  consuming  450  B.Th.U.  coal  gas  at  the  rate  of  15  cu.  ft. 
per  hour,  or  a  total  of  less  than  2  cu.  ft.  The  low-temperature  coke 
fires  continued  to  burn  on  every  occasion,  and  reached  their  period 
of  maximum  radiation  at  the  end  of  about  one  hour. 

An  important  potential  outlet  for  low-temperature  coke  is  for  use 
in  gas  producers  for  motor  traction  should  these  develop  in  the 
future.  A  number  of  very  successful  trials  have  been  carried  out 
recently  in  which  the  low-temperature  coke  made  at  the  Fuel 
Research  Station  proved  to  be  suitable  for  such  producers.  In  one 
of  the  trials  over  a  distance  of  about  30  miles  the  consumption  on 
a  lorry  of  6  tons  overall  weight  was  2-6  lb.  of  low-temperature  coke 
per  mile.  Such  a  development  is  most  desirable,  as  it  would  render 
the  country  less  dependent  upon  outside  suppfies  of  motor  fuel. 

Pulverised  Semi-Coke 

The  utilisation  of  the  coke  as  pulverised  fuel  has  received  consider- 
able  attention.     Dunn,    in   his    "Pulverised   and   CoUoidal   Fuel" 
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(Ernest  Benn,  Ltd.),  describes  experiments  carried  out  by  Messrs. 
Edgar  Allen  &  Co.  in  a  reheating  furnace  with  pulverised  "Coalite" 
ground  in  their  own  turbo-pulveriser.  The  normal  forging  tem- 
perature was  1,000''  to  1,200^C.,  but  as  an  experiment  the  tempera- 
ture of  the  furnace  was  raised  to  1,400°C.  They  remark  that  the 
low  percentage  of  moisture  makes  the  fuel  suitable  for  pulverising, 
while  the  work  of  cleaning  the  flues  of  the  furnace  was  reduced. 

Nielsen  ("Gas  Journal,"  1927,  117,  p.  254),  states  that  tests  on  a 
large  scale  have  shown  that  powdered  semi-coke  of  the  "L.  &  N." 
type  improves  the  usual  steaming  conditions;  and  Captain  Brand, 
R.A.N.  (Institution  of  Naval  Architects,  1927,  July  12)  has  de- 
scribed tests  carried  out  upon  "L.  &  N."  fuel  from  a  Leicester  coal 
by  Messrs.  Clarke,  Chapman  &  Co.  Ltd.,  the  efficiency  quoted  being 
67-4  per  cent.  Mr.  Woodeson,  of  Messrs.  Clarke,  Chapman  and 
Co.  Ltd.,  states  that  so  long  as  the  temperature  of  the  furnace  is 
maintained  above  (say)  1,000°C.,  no  difficulty  whatever  is  experi- 
enced in  the  combustion  of  semi-coke  as  pulverised  fuel;  but  below 
this  temperature,  should  the  volatile  content  be  low,  the  flame 
may  be  extinguished.  No  difference  has  been  experienced  in  the 
behaviour  of  the  ash  of  semi-coke  as  compared  with  that  of  coal  in 
the  furnace.  The  wear  and  tear  of  the  pulveriser  was  somewhat 
increased,  but  the  product  obtained  tends  to  be  of  a  more  uniform 
grade,  but  at  the  same  time  slightly  coarser  than  the  coal. 

Tar 

A  consideration  of  systems  mentioned  earlier  in  the  paper  and  the 
values  given  in  Table  I  emphasise  the  importance  of  the  tar  as  an 
item  in  the  balance  sheets  of  the  processes.  The  economic  prospects 
of  the  methods  depend  largely  upon  the  amount  the  tar  will  realise 
on  the  market.  Processes  which  do  not  yield  a  lump  smokeless 
fuel  are  obviously  more  sensitive  to  variations  in  the  selling  price 
of  the  tar.  The  investigations  of  low-temperature  tar  do  not 
appear  at  this  stage  to  have  revealed  any  special  feature  likely  to 
raise  its  commercial  value  above  that  of  high-temperature  tar. 
There  is,  however,  the  increased  yield  per  ton,  although  the  amount 
])roduced  from  vertical  gas  retorts  under  certain  conditions  of  working 
is  substantially  the  same  as  that  from  low-temperature  carbonisa- 
tion. The  methods  of  refining  high-temperature  tar  have  been 
developed  in  the  course  of  many  years,  and  markets  have  been 
gradually  established  for  the  products.  It  is  weU  known  that  low- 
temperature  tar  differs  in  composition  from  high-temperature  tar, 
and  the  lower  the  temperature  of  carbonisation  the  more  pronounced 
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is  the  difference.  This  consideration  raises  an  important  issue  as  to 
the  methods  to  be  employed  in  refining  low-temperature  tar.  It 
is  conceivable  that  the  ordinary  methods  may  be  modified  so  as 
to  apply  to  tar  produced  at  about  600°C.,  whilst  a  new  technique 
may  be  required  for  tar  obtained  at  a  lower  temperature.  In  the 
latter  case  methods  resembling  those  used  in  refining  petroleum 
may  be  more  suitable.  There  is,  however,  no  reason  to  suppose 
that  the  cost  of  refining  low-temperature  tar  wiU  be  less  than  that 
of  high-temperature  tar,  and  this  cost  must  be  taken  into  accoimt 
in  assessing  the  value  of  any  special  fractions.  Further,  if  the 
amount  produced  in  a  particular  district  or  in  the  country  generally 
is  such  as  to  saturate  the  requirements  for  special  products  derived 
from  the  tar  the  sole  method  of  utilising  the  surplus  wiU  be  as  fuel 
oil.  The  price  obtained  for  tar  has  shown  wide  variations  at  gas- 
works in  different  locahties,  as  wiU  be  gathered  from  Table  IV. 

TABLE  IV. 

VARIATIONS  IN  PRICE  OF  GAS  TAR  IN  GREAT  BRITAIN 
(1923  to  1926) 


Values  in  pence  per  gallon. 

Companies. 

1923. 

1924. 

1925. 

1926. 

Gas,  Light  and  Coke 

6-40 

4-57 

3-24 

4  95- 

Commercial 

6-98 

3-61 

308 

4-72 

South  Metropolitan 

7-03 

3-36 

3-56 

4-74 

Suburban — 

Average 

6-49 

3-85 

2-71 

4-42 

Highest 

7-62 

4-93 

319 

5-42 

Lowest     ... 

513 

2-90 

1-92 

3-01 

Provincial — 

Average  of  9 

6-00 

4-65 

3-86 

5-22 

Highest 

8-10 

6-98 

510 

8-08 

Lowest     ... 

4-35 

300 

2-89 

3-36 

Corporations — 

Average  of  1 1     ... 

4-73 

5-60 

3-45 

3-31 

Highest 

6-33 

7-23 

4-48 

4-05 

Lowest     ... 

3-60 

4-35 

2-39 

2-81 

It  will  be  observed  that  in  1926  the  price  reahsed  for  high-tem- 
perature tar  ranged  from  2-8d.  to  8d.  per  gallon,  according  to  local 
conditions.  During  this  year  4-6d.  per  gallon  was  reahsed  by  the 
chief  London  gasworks,  while  only  2-8d.  per  gallon  could  be  obtained 
in  certain  parts  of  the  provinces.  Co-operative  schemes  between 
coal  gas  undertakings  and  tar  distillers  are  being  estabUshed  through  - 
out  the  country.  In  this  method  of  deahng  with  tar,  an  agreed 
minimum  price  is  paid,  plus  any  additional  profit  on  an  agreed 
schedule.     Already  some  100  miUion  gallons  per  annum  are  dealt 
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with  on  this  principle.  The  object  is  obviously  a  desirable  one — 
viz.,  to  economise  in  the  treatment  of  the  tars  and  to  establish 
a  uniform  market.  Similar  schemes  are  being  considered  by  those 
responsible  for  the  exploitation  of  low-temperature  carbonisation 
plants. 

The  amount  of  coal  tar  made  in  gasworks  in  Great  Britain  in  1926 
was  about  187  million  gallons,  or  some  9  gallons  per  ton  of  coal, 
while  the  pitch  produced  was  310,412  tons.  The  "Gas  World  ' 
(Dec.  31,  1927),  in  their  annual  review,  considered  ;^3  per  ton 
is  a  reasonable  price  for  tar,  which  is  equivalent  to  about  3s. 
per  ton  of  coal  carbonised.  The  low  price  of  tar  was  attributed 
to  the  fact  that  remunerative  prices  can  be  realised  for  gas  and 
coke.  One  of  the  most  valuable  products  from  tar  is  the  pitch; 
and  here  the  competition  from  bitumen  for  road  preparations 
and  other  purposes  is  increasing.  The  pitch  from  low-temperature 
distillation  differs  greatly  from  ordinary  pitch;  and  new  uses  must 
be  sought  for  it.  It  has  already  been  proved  suitable  for  briquette 
making. 

If  the  tar  has  to  be  sold  as  fuel  oil  the  price  obtainable  may  be 
from  3d.  to  3|d.  per  gallon  at  the  present  time,  but  it  is  impossible 
to  forecast  how  this  wiU  change  in  the  future. 

Gas 

Gas  of  high  calorific  value,  and  incidentally  of  high  illuminating 
value,  is  of  interest  as  a  means  of  enriching  ordinary  town's  gas, 
but  obviously  is  not  of  primary  interest  to  the  gas  industry,  which 
can  meet  all  the  modern  demands  by  other  methods  of  gas  making. 
The  gas  from  low-temperature  carbonisation  may  find  special  uses 
in  industry,  since  it  is  not  greatly  inferior  to  the  gas  produced  by 
the  cracking  of  oils. 

Many  suggestions  have  been  advanced  for  the  utilisation  of  the 
gas  from  externally-heated  retorts,  based  either  upon  its  high 
calorific  value  or  upon  the  recovery  of  (or  products  from)  the 
unsaturated  and  saturated  hydrocarbons.  It  is  possible  by  com- 
pressing the  gas  to  condense  a  proportion  of  the  unsaturated  and 
of  the  saturated  hydrocarbons;  and  this  product  can  be  employed 
as  a  substitute  for  acetylene  for  welding  purposes.^  It  possesses 
the  advantage  of  being  perfectly  safe  when  stored  in  cylinders. 
It  would  appear  that  the  unsaturated  hydrocarbons  might  be 
recovered  as  alcohols;    but  it  seems  more  attractive  to  convert 

*  Gasöl.     Hock,  Z.  angew,  Chem.,  1 925,  38,  945. 

1011 


LOW -TEMPERATURE    CARBONISATION 

them  into  glycols,  and  thus  obtain  products  having  special  uses 
as  solvents,  anti-freeze  compounds  and  as  substitutes  for  glycerine-. 
It  has  been  found  that  the  nitrated  unsaturated  hydrocarbons  can 
be  used  as  explosives.^  If  it  is  found  that  lead  tetraethyl  is  a 
desirable  addition  to  motor  fuels,  a  certain  amount  of  ethylene 
dibromide  will  be  required  to  counteract  some  of  the  effects  of  the 
lead  compounds,  and  coal  gas  from  high  or  low-temperature  pro- 
cesses would  be  a  source  of  supply. 

Aqueous  Distillate 

The  problem  of  the  treatment  of  the  aqueous  distillate  from  the 
low-temperature  carbonisation  of  coal  is  a  pressing  one.  Plants 
in  which  an  inconsiderable  amount  of  water  or  steam  are  brought 
into  contact  with  the  gases  have  advantages,  in  that  the  volume  of 
liquor  to  be  treated  will  be  small.  Viewed  from  the  standpoint  of 
the  production  of  ammonium  sulphate,  it  must  be  admitted  that 
the  aqueous  distillate  is  practically  worthless,  except  in  the  case 
of  the  Maclaurin  plant  and  the  "Leigh"  smokeless  fuel  plant — in 
fact,  according  to  the  "Gas  World"  {loc.  cit.),  "ammoniacal  liquor 
as  a  revenue-earning  constituent  of  gas  manufacture  has  almost 
disappeared."  The  total  volume  of  liquor  produced  will  vaiy 
with  the  process;  and  its  composition  will  depend  upon  the  method 
of  carbonisation.  Generally  speaking,  however,  low-temperature 
aqueous  distillates  contain  about  one-half  the  ammonia  found  in 
horizontal  gas  liquor. 

As  far  as  is  known,  a  comprehensive  study  of  the  aqueous  distillate 
produced  from  various  low-temperature  processes  has  not  been 
published.  Information  is  required  upon  the  proportion  and 
constitution  of  the  sulphur  and  other  compounds  present  in  the 
various  liquors  produced  from  the  plants  undergoing  development. 
It  is  obviously  impossible  to  run  such  liquors  into  streams  or  sewers 
unless  special  arrangements  are  made;  and  means  must  be  dis- 
covered to  render  them  innocuous.  This  problem  is  at  present 
engaging  the  attention  of  the  Institution  of  Gas  Engineers  and  the 
Department  of  Scientific  and  Industrial  Research. 

Conclusion 
The  great  interest  which  has  been  aroused  during  recent  years 
in  the  subject  of  low -temperature  carbonisation  has  undoubtedly 
tended  to  bring  much  closer  the  time  when  the  possibilities  of 
subjecting  large  quantities  of  coal  to  this  type  of  treatment  may 
be  seriously  envisaged.     Several  processes  are,  indeed,  already  in 

2  Preparation  of  glycols,  etc.     Brooks,  Chem.  and  Met.  Eng.,  1920,  22,  629 

»Explosives.     U.S. P.,   1,485,003,  Feb.  26,   1924. 
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the  stage  of  being  tried  out  under  actual  commercial  conditions. 
For  several  years  past  sufficient  has  been  known  regarding  the 
technical  aspects  of  low-temperature  carbonisation  to  justify  the 
conclusion  that  plants  could  be  worked,  at  a  price,  to  produce  coke, 
tar  and  gas,  in  adequate  quantity  and  quality.  The  true  com- 
mercial test  of  such  a  process,  however,  can  only  be  provided  by 
plants  which  have  worked  for  a  sufficiently  long  period,  selling  their 
products  on  the  open  market  and  producing  actual  profits  to  their 
shareholders.  We  still  await  the  satisfaction  of  this  criterion,  but 
it  may  reasonably  be  anticipated  that  the  progress  made  during 
recent  years  will  expedite  the  answer  to  the  crucial  questions. 

As  has  been  mentioned  previously,  there  are  undoubtedly  local 
conditions  in  various  parts  of  the  world  under  which  a  plant  can 
be  expected  to  be  a  commercial  success;  but  to  what  degree  low- 
temperature  carbonisation  may  develop  as  a  real  factor  in  national 
fuel  utilisation  time  only  will  show, 

ZUSAMMENFASSUNG 

In  Grossbritannien  gibt  es  vier  Anwendungsmöglichkeiten  der  Tieftempera- 
turvergasung der  Steinkohle,  nämlich: — 

(1)  Hilfsanlagen  in   Gaswerken,  in  Verbindung  mit  Hochtemperaturverga- 

sungsanlagen; 

(2)  Anlagen  auf  Zechen,  besonders  dort,  wo  Steinkohle  von  guter  Qualität 

zu  günstigen  Preisen  vorhanden  ist; 

(3)  Unabhängige  Anlagen; 

(4)  Anlagen  in  Verbindung  mit  Kesselanlagen  in  Elektrizitätswerken  oder 

sonstigen   Industriewerken,    die   gewöhnlich   minderwertige   Feinkohle 
als  Rohmaterial  verwenden.  . 
Ein    Schwelverfahren    durchläuft    vier    deutlich    unterscheidbare    Entwick- 
lungsstadien,   nämlich: — 

(1)  Die  Ausarbeitung  im  Laboratorium; 

(2)  Ein  kleinerer  Ofen  mit  einer  Tagesleistung  von  einigen  cwt; 

(3)  Ein  voll  ausgebauter  Ofen  mit  einer  Tagesleistung  von  5  bis  100  englischen 

Tonnen; 

(4)  Eine  aus  mehreren  solchen  voll  ausgebauten  Öfen  bestehende  Batterie 

zum  regelrechten  gewerbsmässigen  Betrieb. 

Etwa  16  Anlagen,  die  dafür  bekannt  sind,  dass  sie  mindestens  Stufe  (3) 
erreicht  haben,  werden  aufgezählt  und  in  zwei  Gruppen  geschieden  je  nach- 
dem, ob  das  feste  Erzeugnis  (a)  in  Würfelform  (für  Hauszwecke  geeignet) 
oder  {b)  in  kleinerer  Grösse  (als  Pulverbrennstoff  oder  zum  Herstellen  von 
Briketts  geeignet)  hergestellt  wird.  Weiterhin  lassen  sich  die  Anlagen  nach 
der  Art  ihrer  Beheizung  (äussere  oder  innere  Beheizung)  unterscheiden,  die 
ihrerseits  für  die  Menge  und  den  Heizwert  des  erzeugten  Gases  bestimmend  ist. 

Über  verschiedene  Anlagen  geben  technische  Zahlen  Aufschluss,  die  bei 
einigen  den  amtlichen  Prüfberichten  des  "Fuel  Research  Board,"  bei  anderen 
Mitteilungen  der  betreffenden  Firmen  entnommen  sind. 
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Es  wird  die  Bedeutung  der  Beschaffenheit  der  Erzeugnisse  für  die  zukünf- 
tigen Entwicklungsmögüchkeiten  der  Tieftemperaturvergasung  untersucht 
und  hervorgehoben,  dass,  um  dieses  Verfahren  einigermassen  gewinnbringend 
zu  gestalten,  nicht  nur  alle  festen  Erzeugnisse,  Teer  und  Gas  voll  verwertet 
werden  müssen,  sondern  dass  auch  die  Kohle  zu  vernünftigen  Preisen  einge- 
kauft werden  muss 

Es  wird  auch  das  Schwelverhalten  gewisser  typischer  Kohlen  betrachtet, 
und  Beschaffenheit  und  Wert  der  bei  den  verschiedenen  Verfahren  gewon- 
nenen Produkte  (Koks,  Teer,  Gas)  sowie  deren  Rückwirkung  auf  die  Aussich- 
ten ihres  wirtschaftlichen  Erfolges  besprochen. 
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SCHLUSS 

Zukünftige  Entwickliing  der  Schweltechnik,  der  Teerverar- 
beitung, der  Verwendung  des  Schwelkokses,  trockene  Kokslö- 
schung nach  Rosin,  Bedeutung  der  Schweltechnik  in  Verbindung 
mit  den  Bestrebungen  der  Kohleverflüssigung  und  der  Ammoniak- 
und  Öl-Synthese. 

EINLEITUNG 

Unter  Verschwelung  versteht  man  eine  schonende  Wärmebehand- 
lung— Destillation — von  bitumenhaltigen  Stoffen,  insbesondere  von 
Braun-  und  Steinkohle,  unter  mögUchster  Vermeidung  einer 
Zersetzung  der  primär  gebildeten  Kohlenwasserstoffe  innerhalb 
solcher  Temperaturbereiche,  die  unterhalb  der  in  Koks-  und  Gas- 
Retorten  angewandten  Temperaturen  liegen.  Die  erhaltenen 
Produkte  werden  als  Schwelteer,  Schwelgas,  Schwelkoks  bezw. 
Schwelrückstand  bezeichnet,  gegenüber  dem  Kokereikoks,  Kokerei- 
teer und  Kokereigas.  Je  nach  dem  verschiedenen  Ausgangsmaterial 
werden  die  ergänzenden  Namen  hinzugefügt:  Braunkohlen-Schwel- 
teer, Steinkohlen-Schwelgas,  Schiefer-Schwelrückstände.  Die  ver- 
suchte Einführung  neuer  Namen  für  Schwelprodukte  wie  Urteer, 
Urgas,  Halbkoks,  Tieftemperaturteer,  dürfte  sich  somit  als  über- 
flüssig erweisen. 

Für  eine  Schwelindustrie  kommt  in  Deutschland  vor  aUem  die 
mitteldei  tsche  bitumenreiche  Rohbraiin kohle  in  Frage,  die  sich  in  der 
Umgegend  von  Halle,  Zeitz,  Meuselwitz,  Bitterfeld,  Magdeburg, 
Helmstedt,  Aschersleben,  Kassel  und  in  Sachsen  befindet.  Die 
niederrheinische  Rohkohle  westlich  von  Köln  ist  bitumenarm.  Im 
Gegensatz  zu  der  lignitischen,  stückigen  aber  bitumenarmen 
Kohle,  wie  sie  beispielsweise  in  Österreich  und  Rumänien  vorkommt, 
handelt  es  sich  hier  um  eine  Weichkohle  von  geringer  Körnung,  die 
zufolge  ihres  hohen  Wassergehaltes  von  46-60%  eine  Verfrachtung 
auf  grössere  Entfernung  ausschliesst.  Daraus  ergibt  sich  die  zwin- 
gende Notwendigkeit,  den  Rohstoff  an  seiner  Gewinnungsstelle  zu 
veredeln.  Dies  geschieht  in  der  Hauptsache  entweder  durch  das 
Verfahren  der  Brikettier img  nach  Trocknung  auf  etwa  15%  Wasser- 
gehalt, wodurch  ein  in  Industrie  und  Hausbrand  absetzbarer, 
lager-  und  versandfähiger  Brennstoff  mit  einem  Heizwert  von 
4  600-5  000  kcal  erhalten  wird,  oder  durch  den  Prozess  der  Ver- 
schwelhng,  wozu  vor  allem  die  bitumenhaltige  Rohbraunkohle 
Mitteldeutschlands  herangezogen  wird. 

100  kg  dieser  Kohle  mit  50%  Grubenfeuchtigkeit  ergeben  je  nach 
ihrer  Zusammensetzung    25-28%   Schwelkoks,   5-14%  Schwelteer, 
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54-68%  Wasser  einschliesslich  Zersetzungswasser,  7-10  kg  Schwelgas. 

Der  erhaltene  Schwelkoks  ist  ein  schwarzer,  feinkörniger  Brenn- 
stoff, Grudekoks  genannt,  mit  einem  unteren  Heizwert  von  6  000- 
6  300  kcal,  der  augenbhcklich  hauptsächlich  in  Spezialöfen  der 
Haushaltungen  verwandt  wird.  Der  Schwelteer  wird  nach  dem 
bekannten  Verfahren  der  Mineralöl-Destillation  imd  Raffination  in 
Betriebsstoff,  Gasöl,  Treib-  und  Heizöl  sowie  festes  Paraffin  und 
Pech  aufgearbeitet.  Das  Schwelgas  findet  entsprechende  Verwen- 
dung im  eigenen  Schwelbetriebe  und  neuerdings  für  die  Zwecke  der 
Gasversorgung.    Schwelwasser  ist  Abfallprodukt. 

Die  Verhältnisse  für  die  wirtschaftliche  Verschwelung  der  Stein- 
kohle, Auswahl  der  Kohlensorten,  Verwendung  der  Schwelprodukte, 
liegen  in  Deutschland  ähnlich  wie  in  anderen  Steinkohle  erzeugenden 
Ländern,  worüber  später  berichtet  wird,  wenngleich  die  Beseitigung 
der  Rauch-  und  Russplage,  wie  z.B.  in  englischen  Grosstädten, 
nicht  die  Triebfeder  der  deutschen  Steinkohlen-Schweltechnik  war. 

Wie  es  zwischen  den  einzelnen  Brennstoffarten  Übergangsstoffe 
gibt,  die  eine  scharfe  Trennung  voneinander  nach  charakteristischen 
Gesichtspunkten  nicht  ermöglichen,  so  sind  auch  die  für  die  Schwel- 
technik gebräuchhchen  Apparate  nicht  ausschliesslich  auf  das  eine 
oder  andere  bitumenhaltige  Material  anwendbar;  aus  diesem 
Grunde  hat  die  Gliederung  in  eine  Verschwelung  von  Braun-  und 
Steinkohle  und  anderen  bitumenhaltigen  Stoffen  etwas  Willkürliches 
an  sich. 

Bei  der  Art  Wärmezufuhr  für  Schwelzwecke  handelt  es  sich  um 
2  Richtungen,  die  in  den  letzten  Jahren  zu  verfolgen  sind,  um  das 
Retort  eu -Verfahren  und  um  das  Spülgas-Verfahren,  das  missver- 
ständlich auch  als  Innenbeheizungs-Verfahren  bezeichnet  wird. 
Beim  Retorten-Verfahren  werden  Retortenwände  aus  Schamotte 
oder  Eisen  beheizt,  durch  die  eine  mittelbare  Wärmeübertragung 
stattfindet,  wobei  das  Temperaturgefälle  zufolge  des  stattfindenden 
Wärmezuflusses  die  Anwendung  höherer  Temperaturen  erfordert. 
Beim  Spülgas- Verfahren  wird  die  Wärme  unmittelbar  durch  heisse 
Gase  oder  Dämpfe  auf  das  Schwelgut  übertragen,  wobei  niedrigere 
Temperaturen  erforderlich  sind  und  die  entstehenden  gas-  und 
dampfförmigen  Schwelprodukte  durch  das  Spülmittel  abtrans- 
portiert werden. 

Bei  den  nachstehend  beschriebenen  Verfahren  sind  nur  solche 
berücksichtigt,  die  sich  im  Grossbetriebe  oder  im  praktischen 
Versuche  bewährt  haben.  Die  zahlreichen  patentierten,  aber  nur 
auf  dem  Papier  stehenden  Verfahren  werden  ausser  Acht  gelassen, 
ebenso  finden  einzelne  technische  Hilfsmittel  keine  Erwähnung,  die 
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den  eigentlichen  Schwelapparat  ergänzen,  wie  z.B.  Apparate  für 
Kohle-Transport,  Kohle-Trocknung,  Kohle-Aufbereitung,  Entstau- 
bung, Teerkondensations-  und  Scheide- Anlage,  Koksaustrag-  und 
Trocken  Vorrichtungen,  soweit  sie  nicht  für  das  betreffende 
Schwelverfahren  charakteristisch  sind  und  einen  wesentlichen 
technischen  Fortschritt  bedeuten. 

I— DIE  VERSCHWELUNG  DER  BRAUNKOHLE 

(1)  Retortenverfahren 
Schwelofen  von  Rolle 

Die  Anfänge  der  Sächsisch-Thüringischen  Braunkohlen-Schwel- 
industrie gehen  bis  in  die  Mitte  des  vorigen  Jahrhunderts  zurück, 
als  man,  von  den  Erfahrungen  der  Leuchtgas-  und  der  Bitumen- 
schiefer-Industrie ausgehend,  bituminöse  Braunkohle  in  Hegenden 
Eisenretorten  verschwelte.  Die  Einführung  der  stehenden  Schwel- 
retorte durch  Rolle  im  Anfang  der  siebziger  Jahre  war  grundlegend 
für  die  Weiterentwicklung  der  mitteldeutschen  Schwelindustrie. 
Die  Wirtschaftlichkeit  der  Schwelung  beruhte  damals  ausschliesslich 
auf  dem  hohen  Teergehalt  der  Kohle,  während  erst  später  der 
Schwelrückstand  als  Grudekoks  in  geeigneten  Hausbrandöfen  und 
das  Schwelgas  in  den  Schwelofen-Feuerungen  wirtschaftliche  Ver- 
wendung fand.  Der  Rolle-Ofen  beherrscht  die  mitteldeutsche 
Schwelindustrie  bis  heute.  Es  stehen  in  Mitteldeutschland  z.Zt. 
1  090  Rolle-Öfen,  dazu  24  in  Nordböhmen,  sodass  hiermit  alle  auf 
der  Welt  vorkommenden  Öfen  dieser  Art  erfasst  sind. 

Trotz  der  Fortschritte  in  Chemie  und  Technik  während  der  letzten 
Jahrzehnte  ist  es  nicht  gelungen,  die  Entwicklung  der  Rolle-Retorte 
wesentlich  weiterzuführen  als  es  der  Erfinder  bereits  getan  hatte. 
Es  ist  daher  nicht  überflüssig,  darauf  hinzuweisen,  dass  Rolle 
bereits  vor  dem  Jahre  1860  eine  Anzahl  von  Verfahren  ausgearbeitet 
und  erprobt  hat,  die  heute  in  der  internationalen  Patentliteratur  als 
neue  und  aussichtsreiche  Schwelverfahren  wieder  von  sich  reden 
machen.  Schon  1857  verwandte  Rolle  beispielsweise  Retorten  mit 
eingebauten  Förderschnecken,  die  1912/13  im  Del-Monte-Everett- 
Verfahren  und  1927  von  Shimomura  erneut  propagiert  wurden, 
sowie  Retorten  mit  Bleibad,  mit  Kratzbändern,  die  neuerdings 
ebenfalls  wieder  aufgetaucht  sind. 

Ein  neuzeitlicher  Rolle-Ofen  (Abb.  1)  ist  10-14  m  hoch;  er  besteht 
aus  einer  zyhndrischen  6-10  m  hohen  Retorte  von  durchschnittlich 
1  570  mm  lichter  Weite,  die  von  einem  äusseren  Zylinder  grösseren 
Durchmessers  umgeben  ist,  sodass  sich  zwischen  beiden  die  Heizzüge 
befinden.    Die  Beheizung  erfolgt  durch  eine  Planrostfeuerung  mit 
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zusätzlicher  Schwelgasbeheizung  oder  durch  ausschliessliche  Schwel- 
gasbeheizung beziehungsweise  durch  Generatorgas.  Im  inneren 
Zylinderhohlraum  befindet  sich  ein  eiserner  Einbau,  der  aus 
gusseisernen,  kegelstumpf  artigen  Ringen,  Schwelglocken,  besteht, 
die  jalousieartig  aufeinander  liegen.  Durch  die  Zwischenräume 
dieser  Jalousieringe  treten  die  Teer-  und  öldämpfe  ins  Innere  des 
Ringzylinders,  von  wo  sie  abgesaugt  werden.  Die  Schwelkohle 
gelangt  grubenfeucht  in  den  etwa  faustbreiten  Zwischenraum 
zwischen  Glocken-  und  Schamottezylinder.  Oben  wird  die  Kohle 
entwässert,  unten  verschwelt.    Die  Hauptmenge  der  Wasserdämpfe 


0    f     2     3    ^     Sm 

Abb.  1.     Rolle-Ofen. 


zieht  durch  ein  oberes,  die  eigenthchen  dampfförmigen  Schweler- 
zeugnisse durch  ein  unteres  Abgangsrohr  ab.  Der  Koks  wird  in  dem 
konisch  sich  verjüngenden  Unterteil  des  Ofens  gesammelt  und  durch 
eine  schleusenartige  Austragsvorrichtung  periodisch  abgezogen. 
Oben  ist  der  Schwelraum  nur  durch  den  aufgeschütteten  Kohlen- 
haufen unvollkommen  gegen  die  atmosphärische  Luft  abgeschlossen, 
wodurch  schon  bei  massiger  Saugung  ein  erheblicher  Luftgehalt  des 
Schwelgases  bedingt  ist.  Es  hat  nicht  an  technischen  Versuchen 
gefehlt,  einen  luftdichten,  oberen  Abschluss  zu  schaffen.  Durch 
Gassauger  wird  das  Schwelgas  den  Kühlern  und  Waschern  und 
dann  den  Verbrennungsstellen  im  Ofen  zugedrückt. 

Nach  Untersuchungen  Thau's  (Abb.  2)  ist  erwiesen,  dass  bei 
Verschwelung  einer  Rohbraunkohle  von  55%  Wassergehalt  der 
Ofen   fast    auf   2/3  seiner   Länge   seinem  eigentlichen   Zweck   als 
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Schwelapparat   entzogen  wird  und  nur   als  Trockner  mit   hohen 
Unkosten,    geringem    Durchsatz    und    mangelhafter    Wärmewirt- 
schaftlichkeit arbeitet. 
Im  Anfang  der  Sächsisch-Thüringischen  Schwehndustrie  hatte  man 


Abb.    2.     Teerabgabe    grubenfeuchter    Braunkohle    bei    Schwelung    im 
Rolle-Ofen  (nach  Thau). 

bereits  erkannt,  dass  durch  eine  Vortrocknung  der  Rohkohle  hohe 
Ofenleistungen  erzielt  werden  können.  Erst  in  den  letzten  Jahren 
jedoch  gingen  andere  Schwelsysteme  dazu  über,  diesen  alten 
Gedanken  nunmehr  zielbewusst  durchzuführen.  Neuerdings  wird 
in  Rolle-Öfen  der  Werschen-Weissenf eiser  Braunkohlen  A.-G., 
Halle  a.S.,  nach  einem  Vorschlag  von  Buhe  auf  18%  Wassergehalt 
vorgetrocknete  Rohkohle  verschwelt,  wodurch  die  Leistung  ohne 
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Verminderung  der  Ausbeuten  auf  etwa  das  Dreifache  gesteigert 
werden  konnte. 

Diese  und  andere  technische  Verbesserungen,  die  im  Laufe  der 
Jahre  angebracht  wurden,- — Verringerung  des  Schwekaumes  zwecks 
Verbesserung  der  KoksquaHtät,  trichterförmige  Einsätze  innerhalb 
des  Glocken-Einbaues  zur  Schonung  der  abziehenden  Teerdämpfe 
u.a.m., — halten  das  Schicksal  des  Rolle-Ofens  nach  jahrzehntelanger 
Bewährung  heute  nicht  mehr  auf,  wenngleich  die  bestehenden 
Anlagen  noch  auf  Jahre  hinaus  in  Betrieb  sein  werden.  Es  ist  nicht 
wahrscheinlich,  dass  neue  Öfen  dieser  Art  in  Deutschland  jemals 
wieder  gebaut  werden,  da  sie  den  Gross-Schwelöfen  neuzeithcher 
Systeme  mit  weit  höheren  Durchsätzen  und  Teerausbeuten  Platz 
machen  müssen. 

Im  Jahre  1927  sind  etwa  1  600  000  t  Rohbraunkohle  in  RoUe-öfen 
verschwelt  worden  bei  einer  Teererzeugung  von  etwa  70  000  t/Jahr. 
Diese  Menge  ist  von  1890-1927  annähernd  gleich  geblieben,  wenn- 
gleich durch  die  seit  1921  durch  Buhe  und  Heime  eingeführte  und 
seit  dem  allgemein  eingerichtete  Absorptionswaschung  des  bei 
thermischer  Zersetzung  des  Teeres  gebildeten,  im  Schwelgas  ent- 
haltenen Leichtöles  die  Gesamt-Ölausbeute  von  früher  55-60%  auf 
65-72%  des  analytisch  feststellbaren  Teergehaltes  erhöht  werden 
konnte. 

Ein  neuzeitlicher,  gut  arbeitender  Rolle-Ofen  hat  eine  Durchsatz- 
leistung von  5-6,6  t  je  Ofen  und  Tag.  Bei  Verschwelung  einer 
mitteldeutschen  Rohkohle  von  52%  Grubenfeuchtigkeit  und  einem 
Teergehalt  nach  Graefe  von  8%  erhält  man  folgende  prozentuale 
Ausbeuten  bezogen  auf  Rohkohle: 

Ausbeute  an  wasserfreiem  Koks:  26% 

'^^^'■-  "^'^"^"^   =5,8%,  d.h.  72% 


„  Leichtöl:  1,0% 

Betriebsausbeute  des  mit  8%  analytisch  festgestellten  Teergehaltes, 
bei  28%  Betriebsverlust  an  Teer. 

Das  Leichtöl- — 30  bis  35  g/cbm  Schwelgas — kann  durch  entspre- 
chende Raffination  zu  einem  nicht  verharzenden  und  nicht  korro- 
dierenden Motorbetriebsstoff  wirtschaftlich  verarbeitet  werden, 
der  zufolge  seines  Gehaltes  an  ungesättigten  Verbindungen  nach 
Untersuchungen  Franks  ausgesprochene  Antiklopf-Eigenschaften 
besitzt. 

Das  entölte  Schwelgas  wird  im  eigenen  Betriebe  verbrannt. 

Der  Schwelkoks  der  Braunkohle  stellt  mit  6  000-6  800  kcal  einen 
veredelten,   verdichteten   Brennstoff  dar,   dessen  Verwendung  im 
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Hausverbrauch  mit  450  000  t/Jahr  jedoch  kaum  steigerungsfähig 
sein  dürfte.  Dagegen  eröffnen  sich  für  gemahlenen  Koksstaub  in 
Industriefeuerungen  und  Lokomotiven,  für  Koksbriketts  in  Heizan- 
lagen aller  Art  neue  Verwendungszwecke,  wodurch  vor  allem  in 
Mitteldeutschland  dieser  rauch-  und  russfreie  Brennstoff  mit  der 
Steinkohle  in  beachtHchen  Wettbewerb  treten  kann. 

Kleine  Teerausbeuten  und  Tagesleistungen  des  Rolle-Ofens, 
sowie  hohe  Anschaffungskosten  je  Einheit  bezogen  auf  den  Durchsatz 
bedingen  eine  geringe  Wirtschaftlichkeit,  die  in  keinem  Verhältnis 
mehr  zu  den  Anforderungen  der  Gegenwart  an  leistungsfähige 
Grossapparate  steht,  zumal  die  Rohkohle  mit  fortschreitendem 
Abbau  weniger  schwelwürdig  wird. 

Erst  nach  dem  Kriege  entstanden  neue  Ofentypen,  die  die  techni- 
schen Mängel  des  Rolle-Ofens  abstellen  wollen.  Die  Entwürfe 
solcher  Schwelöfen  nach  dem  Retortenprinzip  zielen  darauf  hin, 
unter  erheblicher  Durchsatzsteigerung  die  Beheizung  wärmewirt- 
schaftlich zu  verbessern,  sie  in  das  Ofeninnere  zu  verlegen  und 
gleichzeitig  unter  Steigerung  der  Teerausbeute  die  temperaturemp- 
findlichen Teerdämpfe  und  Gase  auf  kürzestem  Wege  in  kühle 
Aussenzonen  rasch  abzuführen. 

Der  Schwelofen  von  Sireppel  versuchte  eine  Lösung  dieser  Probleme. 
Die  Beheizung  des  Ofens  (Abb.  3)  erfolgt  innen  durch  einen  aus 
U-förmigen  Elementen  zusammengesetzten  Heizkörper,  der  in 
geeigneter  Entfernung  allseitig  von  gusseisernen,  jalousieartigen 
Schrägleisten  umgeben  ist,  durch  deren  zwangläufige  Führimg  die 
Kohle  an  der  Heizfläche  nach  unten  gleitet,  während  die  Schwel- 
dämpfe nach  dem  Aussenraum  abziehen.  Abb.  3  gibt  einen 
Einzelofen  wieder.  Für  Aggregate  von  100  t  Tagesdurchsatz  werden 
3  und  mehr  Einzelöfen  in  einem  gemeinsamen  Mantel  zu  einer 
Ofeneinheit  zusammengefasst.  Je  nach  dem  Wassergehalt  der 
Kohle  wurden  30-60  t/Tag  durchgesetzt  bei  einer  Teerausbeute  von 
etwa  92%  des  analytisch  ermittelten  Teergehaltes.  Ein  Ofen 
dieser  Bauart  wurde  in  2- jähriger  Versuchsdauer  in  Lützkendorf  im 
Geiseltale  erfolgreich  betrieben,  ist  aber  jetzt  abgebrochen. 

Vornehmhch  für  die  Verschwelung  feinkörniger,  mulmiger  Kohle 
eignet  sich  der 

Schwelofen  von  Sauerbrey  der  Maschinenfabrik  Sauerbrey 

in  Stassfurt.  Es  ist  ein  Schwelwalzen-System  (Abb.  4)  mit  innerer 
Beheizung.  In  einem  Traggerüst  sind  4  hohle  Stahlgusswalzen  von 
6  m  Länge  und  2  m  Durchmesser  wagerecht,  wechselweise  überein- 
ander verlagert.    An  den  äusseren  Zylindermänteln  sind  auf  der 
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ganzen  Länge  etwa  30  mm  hohe,  eng  aneinanderhegende  Schaulel- 
rippen  angegossen.  Die  Walzen  sind  von  wärmeisoherten  Blech- 
gehäusen  mit  Anschlüssen  für  Gasabsaugung  und  Kohlezuführung 
umgeben  und  werden  von  innen  gasbeheizt,  wobei  die  Heizgase  von 
unten  nach  oben  durch  ausgemauerte  Doppelkrümmer  von  einer 


yor/a^e 


I  il 


for/offe 


Abb.  3.     Schwelofen  von  Streppel. 


Walze  in  die  nächste,  seitHch  darüberliegende  treten.  Zur  Erzielung 
hoher  Gasströmungsgeschwindigkeiten  und  zwecks  besserer  Wär- 
meübertragung ist  in  jeder  Walze  ein  Drallstein  aus  feuerfestem 
Material  eingebaut.  Staubentwicklung  wird  bei  langsamster  Umdre- 
hung— einmal  in  12  bis  15  Minuten — vollständig  vermieden. 
Aus  einem  Vorratsbehälter  fällt  der  Kohlenstaub  gegen  die 
oberste    Walze,    die    mittels    ihrer    Schaufel-Rippen    eine    gewisse 
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Staubmenge  aut  ihrem  Aussenmantel  mitführt.  An  der  entgegen- 
gesetzten Seite  wird  der  Staub  abgeworfen,  gleitet  in  einer  Blech- 
tasche auf  die  nächste,  darunterhegende,  entgegengesetzt  drehende 
Walze  und  so  fort,  wobei  der  Staub  zunächst  entwässert,  dann 
entteert  und  schUesslich  ausgeschwelt  wird. 

Mit  einem  aus  zwei  kleinen  Walzen  bestehenden  Versuchsofen  in 
Stassfurt  sind  85 "n  der  analytischen  Teerausbeute  erzielt  worden. 


Abb.  5a.     Ringteller-Ofen  von  Honigmann-Bartling. 


Ein  Ofensystem  mit  4  Walzen  und  50  t  Tagesleistung  für  getrock- 
neten Braunkohlenstaub,  ist  z.Zt.  bei  den  A.Riebeck'schen  Montan- 
werken, Halle  a.S.,  im  Versuchsbetrieb,  doch  liegen  Ergebnisse 
noch  nicht  vor. 

Die  4  Trommelwalzen  bedingen  eine  erhebliche  Bauhöhe  der 
Gesamtanlage  und  grosse  Kosten;  doch  liegen  Neukonstruktionen 
vor,  die  nur  aus  2  Trommeln  bestehen,  während  die  hohen  Abgastem- 
peraturen für  Trockenzwecke  ausgenutzt  und  beide  Schwelwalzen 
mit  vorgetrockneter  Feinkohle  beschickt  werden. 
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Für  die  Verschwelung  feinkörniger  Kohle  ebenfalls   geeignet  ist 
der 
Schwelofen    von     Honigmann-Bartling     der    Trocknungs-, 

Verschwelungs-  und  Vergasungs-G. m.b.H.,  München, 
der    Ringteller-Staubschwelofen,    der    durch    die    ringartige    Form 
seiner  Hauptbestandteile  charakterisiert  ist   (Abb.  5a/b).    Die  in 


Abb.  5b.    Koks-Absaug-  und  Kühl- Vorrichtung  am  Ringteller-Ofen  von 
Honigmann-Bartling, 

einem  gemauerten  Ringkanal  von  gleichmässig  verteilten  Gas- 
brennern erzeugte  Wärme  wird  von  einer  im  Zündgewölbe  befind- 
lichen Ouarzbrockenfüllung  aufgenommen  und  ohne  unmittelbare 
Flammenberührung  an  einen  darüber  befindlichen,  karusselartig  auf 
Kreisschienen  bewegten,  nach  oben  gewölbten  Ringteller  aus 
Stahlgussplatten  abgegeben.  Die  Abstützung  des  Ringtellers,  die 
Abdichtung  des  Schwelraumes,  sowie  Antrieb  sind  in  zweckmässiger 
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Weise  durchgeführt.  Über  dem  Ringteller  wölbt  sich  ein  wärme- 
isoliertes Blechgehäuse,  von  wo  aus  die  Schweldämpfe  nach  einem 
gemeinsamen  Sammelrohr  abziehen. 


7  -  Heizgase 


Gudeise: 


Schamotte 


Kohle 


Baustoffe 


Produktionsstoffe 


Abb.  7.     Rieselvorgang  im  Schwelofen  von  Geissen. 

Die  Schichthöhe  des  staubförmigen  Schwelgutes — mulmige  Roh- 
braunkohle oder  nicht  backender  Steinkohlenstaub — wird  auf  dem 
Ringteller  vermittels  einer  Reguliervorrichtung  mit  3-4  mm  so  genau 


Trocftenkohle 


Gußeisen  ;  tp 


Schmiedeisen 


Diatomit 


Schamotte  -  i  \< 


Beton 


Schwelgas  ^x 


Schwelgas  ^ 


Antrieb  durch 
Schnecke 


Halbkoks 

Schwelgas 
(entteert) 


Heizgas 


Baustoffe 


Produktionsstoffe 


Abb.  8.     Schematische    Darstellung   des    Geissen-Ofens    (Bau-  und 
Produktionsstoffe) . 
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eingestellt,  dass  die  Kohle  während  einer  Rundfahrt  ausschwelt. 
Der  Koks  wird  durch  einen  Ventilator  pneumatisch  abgesaugt 
und  in  einen  Windsichter  gedrückt.  Das  koksfreie  Gas  wird  an  die 
Absaugstelle  im  Ofen  zurückgeführt,  wo  es  erneut  als  Transportgas 
für  Koksstaub  in  einen  ständigen  Kreislauf  eintritt,  ohne  dass 
teerhaltige  Schwelgase  mitgesaugt  werden. 


Abb.  y.      Aussenansicht  eines  Geissen-Ofens. 


Mit  einem  Versuchsapparat  dieses  Systems  ist  in  München  mit 
einer  auf  18%  Wassergehalt  vorgetrockneten  mitteldeutschen 
Schwelkohle  ein  Durchsatz  von  73,5  kg/Stunde/qm  Ringteller- 
Heizfläche  erzielt  worden.  Im  Vergleich  hierzu  beträgt  die  Stunden- 
leistung eines  Rolle-Ofens  bei  der  gleichen  Kohle  nach  Thau  nur 
5,7  kg/qm  beheizter  Wandfläche.  Die  Versuche  sind  noch  nicht 
abgeschlossen. 
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Hat  sich  dieser  Ofen  aus  einer  ursprünglichen  Trockenapparatur 
für  feinkörniges  Material  zum  Schwelapparat  entwickelt,  so  setzt  der 

SCHWFXOFEN  VON  GEISSEN  DER  KoHLENVEREDLUNG  x\.-G.,  BERLIN, 

ein  bereits  vorgetrocknetes  Schwelgut  voraus.  Der  Geissen-Ofen,  ein 
lotrechter  Drehofen  (Abb.  6),  hat  augenblicklich  neben  der  Rolle- 


Abb.  10.    Geissen-Ofen  m  der  Montage. 

Retorte  die  betriebstechnisch  grösste  Bedeutung  in  Deutschland. 
Aus  Abb.  7-10  ist  Bauart,  Verwendung  von  Baustoffen  und  Gang 
der  Produktionsstoffe  ersichtlich.  Der  Schwelofen  erinnert  zunächst 
an  den  Rolle-Typ,  doch  ist  die  Heizung  nach  innen  verlegt,  während 
gleichzeitig  das  Schwelgut  dauernd  in  Bewegung  gehalten  wird.  Der 
Ofen  besteht  aus  einem  ortsfesten,  gemauerten  Schamottezylinder, 
der   als  Strahlkörper  wirkt  und  von  einem  gewellten   drehbaren, 
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gusseisemen  Zylinder  derart  umgeben  ist,  dass  zwischen  beiden  ein 
enger  Raum  zur  Führung  der  Rauchgase  bleibt.  Die  gewellte 
Aussenfiäche  dieses  Drehzylinders  bildet  die  Heizfläche,  an  der 
entlang  die  Kohle  nach  unten  gleitet.  In  seine  äusseren  Wellentäler 
ragen  gusseiserne,  feststehende  Führungsringe  eines  ortsfesten 
Gasabzugszylinders  hinein,  sodass  die  oben  eingeführte  Kohle  in 
dem  doppelseitig  gewellten,  40  mm  breiten  Ringraum  hinabgleitet, 
indem  sie  sich  abwechselnd,  entsprechend  ihrem  Böschungswinkel, 
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w.. > 
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Abb.  1 1 .     Schema  einer  Schwelanlage. 

auf  die  drehenden  Gleitflächen  des  inneren  und  auf  die  ruhenden 
Führungsflächen  des  äusseren  Zyhnders  stützt.  Der  Schwelkoks 
wird  unten  gekühlt  ausgetragen.  Für  die  Durchsatzregelung  ist 
der  Koksaustrag  massgebend.  Die  gasförmigen  Schwelprodukte 
verlassen  den  Schwelraum  durch  Ringschlitze  zwischen  den 
Rutschflächen  und  werden  vom  Mantelraum  aus  abgesaugt. 

Bei  neueren  Öfen  sammeln  sich  die  Schweldämpfe  innerhalb  des 
Schwelraumes  in  den  verbleibenden  ringförmigen  Querschnitten 
und  werden  einseitig  durch  einen  Gaskanal  abgeführt. 
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Abb.  1 1  gibt  schematisch  den  Gang  der  Erzeugnisse  in  einer 
solchen  Schwelanlage  wieder.  Zur  Verschwelung  gelangt  vorge- 
trocknete, vom  feinsten  Puderstaub  durch  Windsichtung  befreite 
Braunkohle  mit  15-20%  Feuchtigkeit.  Das  ständige,  vorsichtige 
Umwenden — eine  Umdrehung  in  3  Minuten — gewährleistet  bei 
bester  Wärmeübertragung  einen  staubfreien  Teer,  gut  ausgeschwel- 
ten Koks  und  grosse  Durchsätze  bei  geringen  Apparate-Abmessun- 
gen und  kleinem  Platzbedarf.  Das  auf  elektrostatischem  Wege 
von  Teer  und  durch  Absorptionswaschung  von   Leichtöl  befreite 


Abb.  12.     Schwelerei  Edderitz  mit  4  Geissen-Öfen. 


Schwelgas  wird  entweder — etwa  zur  Hälfte — -im  eigenen  Schwel- 
betrieb oder  bei  Ersatz  dieser  Gasmengen  durch  Schwachgas  für 
FerngasbeHeferung  vorteilhaft  verwandt.  Der  hohe  Gehalt  an 
Kohlensäure  von  etwa  30%  wird  mittels  Druckwasser- Waschver- 
fahrens entfernt,  wobei  gleichzeitig  Schwefelwasserstoff  absorbiert 
und  das  hohe  spezifische  GewicTit  des  Gases  herabgesetzt  wird. 
Das  gereinigte  Gas  hat  einen  oberen  Heizwert  von  6  000  kcal/cbm. 
Die  erste  Gross-Schwelanlage  dieser  Art  ist  seit  1925/26  auf  der 
Grube  Leopold-E dderitz  bei  Cöthen  in  Betrieb  (Abb.  12).  In  4 
lotrechten  Drehöfen  werden  täglich  400  t  Rohbraunkohle  ver- 
schwelt.   Das  von   Kohlensäure  und  Schwefelwasserstoff  befreite 
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Schwelgas  wird  nach  der  30  km  entfernten  Stadt  Dessau  geleitet. 
Es  ist  das  erste  hochheizwertige  Braiinkohlenferngas. 

Die  Gross-Schwelanlage  Gölzaii  bei  Gross-Weissandt  (Abb.  13), 
die  grösste  der  Welt,  sieht  ihrer  Fertigstellung  entgegen  (Abb.  14,  15) . 

In  Deutschland  sind  z.Zt.  25  Geissen-Öfen  für  die  Verschwelung 
von  etwa  3  200  t  Rohbraunkohle  je  Tag  im  Bau;  eine  Ofenanlage 
verschwelt  täglich  60  t  bituminösen  Ton,  eine  andere  im  Ausland 
Lignit.  Die  mutmasslich  Ende  1928  in  Deutschland  nach  diesem 
S3'stem  verschwelte  Gesamtmenge  Rohbraunkohle  beträgt  etwa 
1,3  Mill.  t.  Die  Teererzeugung  dieser  neuen  Schwelanlage  wird 
über    100  000   t   im   Jahr   betragen,    was   gegenüber   der   jetzigen 


Abb.  13.     Schwelwerk  Gölzau  bei  (  .ross-W  eissandt. 


Gesamterzeugung  an  Braunkohlenschwelteer  von  etwa  70  000  t  im 
Jahre  1927  eine  beträchtliche  Steigerung  der  deutschen  Mineralöl- 
Gewinnung  bedeutet,  wobei  auch  die  wirtschaftliche  Verwendung 
der  gleichzeitig  erzeugten  Schwelkoksmengen  in  Industrie-Feuerun- 
gen verschiedenster  Systeme  nach  jahrelanger  Versuchsarbeit 
möglich  geworden  ist. 

Gegenüber  der  I-eistung  eines  Rolle-Ofens  bedeutet  der  im  Geissen- 
Ofen  erreichte  Durchsatz  von  100  t/Tag  einen  ausserordentlichen 
Fortschritt.  Die  zukünftige  Entwicklung  wird  dahin  gehen,  in 
kleinen  Einheiten  noch  weit  grössere  Leistungen  zu  erzielen.   Dieses 
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1  =  Fördermaschincnhau 

2  =  Schachtßebflude  und 

3  =  Naßdienst. 

4  =  Rohkohlenlager. 

5  =  Trockendiensl. 

6  =  Teergewinnung, 

s. 
Kaue, 

7  =  Kokskühlanlage, 

8  =  Koksverl,idcflnlage, 

9  =  Koksmahlanlage, 

10  =  Kraftwerk, 

11  =  WerkslaM, 

12  =  Magalin. 

13  =  Lokomolivschuppen, 

14  =  Gleiswaage, 

15  =  Wasserturm, 

6  bis  19  =  Wasserautbereilung, 

20  =  Verualiungsgebfiude. 

21  ^  Garage 

22  =  Labormorium. 

23  =  Ledigenheim, 

24  =  M-^isierhÄuser, 
Zibis  38  =  Chemische  Fabrik 

Abb.  15.     Lageplan  des  Schwelwerkes  Gölzau. 
Problem  sucht  der 
Schwelofen  von  Bamag-0.  Heller,  der  Bamag-Meguin  A.-G., 

Berlin, 
zu  lösen.  Hierbei  wird  von  grundsätzlich  neuen  Gesichtspunkten 
ausgegangen  unter  Anwendung  der  aus  dem  Hochofenbetrieb 
bekannten  Wärmespeicher  zwecks  Wärmeübertragung  von  wechsel- 
weise hochgeheizten  Schamottemassen  auf  feste  Brennstoffe.  Die 
Schwelanlage  besteht  aus  2  rotierenden,  geneigt  liegenden  Trommeln, 


Sémlgas 


Abb.  16.     Schwelofen  von  Bamag-O.  Heller. 
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die  mit  hochfeuerfesten  Formsteinen  dergestalt  ausgefüllt  smd, 
dass  durch  die  wärmespeichernde  Steinmasse  ein  System  von 
Rohren  wie  bei  einem  Trommelrevolver  hindurchgeht.  Die  Rohre 
haben  einen  freien  Durchmesser  von  250  mm  und  sind  innen  mit 
spiraligen  Wende-  oder  Mitnehmerwülsten  ausgestattet. 

Für  eine  Leistung  von  1  300-1  400  t  Rohbraunkohle  je  Tag  hat 
jede  Trommel  60  Rohre,  die  in  4  konzentrischen  Ringen  zu  je  6,  12, 
18,  24  Stück  angeordnet  sind  (Abb.  16);  der  Trommeldurchmesser 
beträgt  3  m,  die  Länge  12  bis  14  m.  Eine  kleinere  Einheit  mit 
36  Rohren  hat  einen  Durchsatz  von  700  t/Tag.  Die  rohrdurch- 
setzte Schamottemasse  ist  wärmeisoUert  in  einer  schmiedeeisernen 
Drehtrommel  gelagert.  Während  die  eine  Schweltrommel  durch 
Gasfeuerung  aufgeheizt  wird,  wird  in  der  anderen,  vorher  hoch- 
geheizten Trommel  das  Schwelgut  durchgesetzt.  Wie  bei  Hochofen- 
Winderhitzern  wird  dann  der  Betrieb  umgestellt.  Die  Zeit  einer 
Periode,  d.h.  vom  Beginn  einer  Schwelung  bis  zur  nächsten,  beträgt 
etwa  50  Minuten  (15  Minuten  für  die  Beheizung,  25  Minuten  für 
die  Schwelung,  und  10  Minuten  für  das  Leerlaufenlassen). 

Zur  Entlastung  des  Schwelapparates  wird  in  einer  besonderen 
Trocknungsanlage  feuchtes  Material  auf  12-15%  Wassergehalt 
vorgetrocknet.  Zwecks  weitgehender  Ausnutzung  werden  die  die 
Schwelanlage  verlassenden  Feuergase  durch  luttenförmige  Ein- 
bauten des  Kohlenbunkers  geleitet,  wobei  das  vorgetrocknete 
Schwelgut  auf  0-5%  Wassergehalt  nachgetrocknet  und  vorgewärmt 
wird.  Mit  90°  C  tritt  es  in  die  Schweltrommel  ein  und  gleitet  in 
etwa  7  Minuten  hindurch,  wobei  die  Temperatur  des  Wärme- 
speichers stufenweise  zurückgeht  und  der  Entteerungspunkt  allmäh- 
lich an  das  Austrag-Ende  der  Trommel  heranrückt.  Während  der 
Schwelung  kann  am  Koksaustrag  inertes  Gas  oder  Wasserdampf 
unter  Ausnutzung  der  Koks  wärme  zugesetzt  werden.  Der  Teer 
wird  in  üblichen  Kondensationsanlagen  niedergeschlagen,  nachdem 
er  eine  Staubkammer  passiert  hat.  Die  leicht  siedenden  Anteile 
des  Teeres  können  bei  entsprechender  Temperaturregelung  zu 
etwa  30%  unter  200°  C  siedend  gehalten  werden,  da  besondere 
gusseiserne  Einbauten  in  der  Staubkammer  gleichzeitig  mit  der 
Trommel  für  Krackzwecke  hochgeheizt  werden  können.  Hierbei 
werden  etwa  sich  bildende  Ansätze,  Verkokungen  und  Verkrustungen 
an  der  Heizfläche  weggebrannt,  wodurch  eine  dauernde  Reinhaltung 
gewährleistet  ist.  Vorteilhaft  erscheint  weiter  die  mannigfache 
Verwendungsfähigkeit;  denn  es  kann  körniges,  wie  auch  staub- 
förmiges, aber  nicht  backendes  Material  verschwelt  werden  unter 
Variierung  der  Schweltemperatur,  wobei  entweder  eine  Krackung 
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der  Teerdämpie  unter  Erzielung  grosser  hochheizwertiger  Gasmen- 
gen oder  eine  hohe  Teerausbeute  bei  normaler  Schwelgaserzeugung 
möglich  ist.  Durch  die  einstellbare  Umlaufgeschwindigkeit  der 
Trommel  kann  die  Dauer  der  Perioden  und  damit  der  Durchsatz 
beeinflusst  werden  unter  Anpassung  an  die  Eigenart  des  Schwelgutes 
und  der  Schwelerzeugnisse  in  Verbindung  mit  den  Vorteilen  der 
Spülgasschwelung.  Durch  die  ständige  Umlagerung  des  Schwelgutes 
findet  eine  gute  und  betriebssichere  Wärmeübertragung  statt,  weil 
alle  hohen  Temperaturen  ausgesetzten  Teile  aus  feuerfestem  Material 
bestehen.  Leichtzersetzliche  Teerdämpfe  kommen  jeweils  nur  mit 
solchen  Rohrwandungen  in  Berührung,  deren  Wärmeinhalt  durch 
geleistete  Schwelarbeit  bereits  ganz  oder  teilweise  verbraucht  ist. 

In  Butzbach  in  Hessen  ist  ein  Versuchsofen  in  Betrieb  (Abb.  17), 
der  jedoch  nur  ein  einziges  Rohr  von  250  mm  Durchmesser  und  10  m 
Länge  besitzt.  Ausser  zahlreichen,  nicht  backenden  Steinkohlen-  und 
Braunkohlenarten,  sind  u.a.  auch  australische  Torbanite  erfolgreich 
verschwelt  woi;den.  Eine  mitteldeutsche,  auf  15%  Feuchtigkeit 
vorgetrocknete  Braunkohle  ergab  bei  einem  nachgewiesenen 
Durchsatz  von  5  t  Tag,  d.h.  etwa  10  t  Rohkohle  im  Tag,  einen 
guten,  glimmfähigen  Koks.  Das  erhaltene  Schwelgas  führt  etwa 
40  g,  cbm  gewinnbares  Leichtöl  mit  sich  und  hat  kohlensäurefrei 
einen  Heizwert  von  über  5  000  kcal.  Der  im  Schwelgas  mitgerissene 
Staub  wird  weitgehend  in  einer  Entstaubungskammer  ausgeschieden. 
Die  Teerausbeute  betrug  90%  der  Fischer- Analyse.  Verghchen 
mit  dem  Schwelteer  aus  Rolle-Öfen  hat  dieser  Teer  ein  höheres 
spezifisches  Gewicht  und  höheren  Asphaltgehalt,  der  jedoch, 
beispielsweise  durch  Dampfzusatz,  heruntergedrückt  werden  kann. 

Da  die  Versuche  noch  nicht  abgeschlossen  sind,  wird  sich  erst 
bei  längerem  Betriebe  zeigen,  inwieweit  der  dauernde  Temperatur- 
wechsel, der  allerdings  nach  den  neusten  Feststellungen  weniger 
als  100°  C  beträgt,  die  Lebenszeit  der  ständig  bewegten  Schamotte- 
masse beeinflusst;  indessen  lässt  die  Verwendung  neuartiger, 
hochfeuerfester  Brennstoffe  von  vorzüglichen,  thermischen 
Eigenschaften  weitere  Erfolge  erwarten.  Der  im  gewissen  Sinne 
diskontinuierhche  Umschaltbetrieb  kann  mit  in  Kauf  genommen 
werden,  wenn  sich  hohe  Leistungen  erzielen  lassen. 

Werden  sich  die  errechneten,  mutmasslichen  Durchsätze  von 
etwa  1  300  t  Rohkohle  Tag  mit  dieser  Apparatur  im  Grossbetriebe 
technisch  reahsieren  lassen,  so  dürfte  damit  die  vorläufige  Entwick- 
lung der  Retortenschwelverfahren  einen  gewissen  Abschluss  erreicht 
haben,  der  umso  beachthcher  ist,  als  dieser  Fortschritt  tatsächhch 
nur  innerhalb  des  letzten  Jahrzehntes  erfolgt  ist. 
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Der   Erreichung   hoher   Durchsätze   steht   eine    Eigenschaft    der 
Kohle    entgegen,    die    schlechte    Wärmeleitfähigkeit.     Suchen    die 


neueren  Retortenverfahren  durch  ständige  Umlagerung  des  Schwel- 
gutes immer  neue  Oberflächenteile  der  Kohle  mit  der  Heizfläche  in 
mittelbaren  Wärmeaustausch  zu  bringen,  so  findet  bei  der  Beheizung 
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der  Kohle  mittels  heisser,  inerter,  sauerstoffreier  Gase  oder  Dämpfe, 
der  Spülgase,  eine  unmittelbare  Wärmeübertragung  statt,  wobei 
das  Spülmittel  die  Teerdämpfe  und  -Gase  aufnimmt  und  mit  ihnen 


Abb.  18a.     Gaserzeuger  mit  Schwelaufsatz  von  J.  Pintsch. 

den  Schwelofen  verlässt.  Dabei  können  nach  Thau  die  Temperaturen 
unter  Schonung  der  Teerdämpfe  und  der  Apparatebaustoffe, 
verglichen  mit  den  bei  Retortenverfahren  notwendigen  Temperaturen, 
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Abb.  18b.    Gaserzeuger  mit  Schwelaufsatz  der  Allgemeinen  Vergasungs- 
Gesellschaft. 

um  etwa  50%  niedriger  gehalten  werden.    Aus  dieser  Erkenntnis 
heraus  hat  sich  neben  dem  Retortenverfahren 

(2)  DAS  Spülgasverfahren 
entwickelt,    bei    dem    die    Verschwelung    feinkörniger    Kohle    der 
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Abb.    18c.    Gaserzeuger  mit  Schwelaufsatz  der  Lurgi-Gesellschaft. 


technischen  Durchführung  begreiflicherweise  besondere  Schwierig- 
keiten bereitete.  Die  Vorgänger  der  Spülgas-Schwelapparate  sind  die 

Gaserzeuger  mit  Schwelvorrichtungen 

durch    die    die    Brennstoffe   vor    Eintritt   in    die    Vergasmigszone 
entteert  werden. 
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Für  teerreiche,  nicht  backende  Steinkohle  eignen  sich  hauptsächüch 
eingehängte  Schwelretorten,  für  Braunkohle  und  Braunkohlen- 
Briketts  jedoch  schachtartige  Schwelaufsätze.  Die  einsetzende 
lebhafte  Entwicklung  in  dieser  Richtung  während  der  ölknappen 
Zeit  nach  dem  Kriege  fand  jedoch  ihre  natürliche  Begrenzung 
darin,  dass  das  Haupterzeugnis,  das  Kraft-  oder  Heizgas,  nur 
beschränkt  absatzfähig  war,  wie  z.B.  an  keramische  Betriebe, 
Destillationsanlagen,  Hütten-  und  Gaswerke,  wo  je  nach  fracht- 
günstiger Lage  Zentralgeneratorenanlagen  mit  Braunkohlenbriketts 
oder — wie   besonders  in   Oberschlesien — mit   Steinkohle   betrieben 


Abb.  18d.    Gaserzeuger  mit  Schweleinsatz  und  Rührwerk  der  Mond-Gas- 
Gesellschaft. 


wurden.  Eine  Wärmeübertragung  auf  die  Beschickung  einer 
Retorte  mittels  der  fühlbaren  Wärme  heisser  Gase  und  Dämpfe  ist 
eine  allgemeine  Erscheinung,  die  fast  allen  Vergasungsvorgängen 
eigen  ist.  Bei  Generatoren  strömen  die  in  der  Feuerzone  entwickelten 
Gase  ganz  oder  teilweise  durch  die  darüber  gelagerte  Brennstoff- 
schicht nach  oben,  entgasen,  erhitzen  und  entwässern  sie  unter 
Teerbildung,  falls  bitumenhaltige  Rohstoffe  vorliegen.  Hieraus 
ist  ersichtlich,  dass  eine  hinreichende  Durchlässigkeit  für  die  nach 
oben  strömenden  Gase  und  eine  sperrige  Lagerung  des  zu  vergasen- 
den Materials  vorhanden  sein  muss,  das  daher  weder  backend  noch 
staubförmig  sein  darf.  Bei  den  mit  Schweleinrichtungen  vorgese- 
henen Gaserzeugern  ist  naturgemäss  die  Teergewinnung  vermittels 
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regelbarer     Gasdurchspülung     von     nebengeordneter     Bedeutung. 
Hauptsache  bleibt  stets  die  Gaserzeugung. 

In  den  Abb.  18a  bis  18f  sind  die  bekanntesten  zusätzlichen 
Schwelaggregate  wiedergegeben,  wobei  jedoch  bemerkt  wird,  dass 
neuerdings  fast  alle  Generatoren  einen  erhöhten  Schacht  haben  und 
mit  grösseren  Schütthöhen  arbeiten,  um  auf  diese  einfache  Weise 
eine  Spülgasentteerung  zu  bewirken. 

Aus  den  Erfahrimgen  mit  Schwelvorrichtimgen  an  Gaserzeugern 
wurden  die  Grundlagen  für  die  Spülgasverfahren  von  Braunkohle 


Abb.  18e.     Gaserzeuger  mit  Schweleinsatz  von  Linck. 


und  nicht  backender  Steinkohle  entwickelt  mit  dem  Ziele,  unter 
Vermeidung  erhebhcher  Schwelgasmengen  grosse  Durchsätze, 
höchstmöghche  Teerausbeuten  und  brauchbaren,  absatzfähigen 
Schwelkoks  zu  erhalten.  Ergibt  die  den  Partialdruck  erniedrigende 
Wirkung  jeden  Spülgases  an  sich  schon  höhere  Teerausbeuten  als 
die  in  der  Retorte  ausgeführte  Schwelanalyse,  so  bedingt  die  rasche 
und  gleichmässige  Wärmeübertragung  bei  verhältnismässig  niedrigen 
Temperaturen  grosse  Durchsätze.  Ausserdem  dienen  Spülgase  und 
-Dämpfe  als  Transportmittel,  durch  die  die  leichtzersetzHchen 
Teernebel  unmittelbar  nach  ihrer  Entstehung  aus  dem  Gefahren- 
bereich hoher  Temperaturen  gebracht  werden.    Es  besteht  somit 
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grundsätzlich  kein   Unterschied  zwischen   der  Verschwelung  von 
vorgetrockneter  Braunkohle  und  von  nicht  backender  Steinkohle 


Abb.  18f.   Gaserzeuger  zur  Rohbraunkohlen- Vergasung  der  Francke-Werke. 


mittels  Spülgas;  es  erfordert  aber  die  viel  höhere  natürhche  Feuch- 
tigkeit der  Rohbraunkohle  eine  besondere  Berücksichtigung  des 
Trocknungsvorganges . 
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Die  Spülgasverfahren  für  Braunkohle 

gehen  auf  Vorschläge  Rolle's  aus  dem  Jahre  1866  zurück  und  auf 
Versuche,  die  Ramdohr  1876  mit  überhitztem  Wasserdampf  als 
Wärmeüberträger  in  einer  dem  Rolle-Ofen  ähnlichen  Schwel- 
apparatur weiterführte.  Trotz  grosser  Ausbeuten  wusste  man 
damals  offenbar  mit  dem  hochstockenden,  montanwachsreichen  Teer 
technisch  nichts  anzufangen.  Darüber  geriet  die  Spülgasschwelung 
der  Braunkohle  in  Deutschland  in  Vergessenheit,  wenngleich 
sie  sich  in  der  Schieferschweltechnik  längst  eingeführt  hatte. 
1916  griff  Limberg  die  alten  Gedanken  wieder  auf. 
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Abb.   19.    Schwelverfahren  von  Limberg,  Umlaufbild  zur  Verarbeitung 
grubenfeuchter  Kohle. 


Der  Spülgasofen  von  Limberg. 

Im  Gegensatz  zu  später  erwähnten  Spülverfahren  lässt  Limberg  die 
Rohkohle  in  einem  senkrechten  Schacht  zwischen  engen,  jalousie- 
artigen Wänden  in  dünner  Schicht  herabrieseln  und  durchspült  sie 
quer  mit  heissem  Gas  oder  Wasserdampf  (Abb.  19).  Trocknung, 
Schwelung  und  Kokskühlung  sind  in  einzelne  Stufen  getrennt. 
Die  Aufheizung  der  in  2  unabhängigen  Kreisläufen  geführten 
Spülgase  erfolgt  durch  Wärmeaustauscher  und  Überhitzer,  die  für 
dieses  Verfahren  charakteristisch  sind.  Eine  Batterie  von  6  Ofenein- 
heiten soll  in  24  Stunden  420  t  Rohbraunkohle  durchsetzen  können. 
Frühere  Versuche  ergaben  gute  Ausbeuten  an  Koks  und  Teer, 
dessen   hoher   Stockpunkt   zufolge   unzersetzter   und   verseifbarer 
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Bitumenanteile  für  Spülgasteer  kennzeichnend  ist. — Diesem  Ver- 
fahren ähnlich  ist  das 


Spülgasverfahren   der  Lurgi-Gesellschaft  für 
Wärmetechnik  m.b.H., 

Frankfurt  a.M.    Trocknung  und  Schwelung  sind  in  schachtartigen 
Apparaten  räumlich  voneinander  getrennt;    das  Spülmittel  durch- 


-.<<!>i. 


Abb.    20.     Schwelanlage    der    Lurgi-Gesellschaft    für    Wärmetechnik. 

strömt  das  Schwelgut  vertikal  und  wird  durch  regelbares  Beimischen 
heisser  Rauchgase  temperiert,  für  die  Trocknung  auf  250°C,  für 
die  Schwelung  auf  500°C.  In  besonderen  Verbrennungsöfen  wird 
das  Spülmittel  erzeugt.  Das  gewonnene  Schwelgas  deckt  bei 
wasserarmer  Kohle  zum  grössten  Teil  den  Wärmebedarf,  andern- 
falls wird  Zusatzgas  aus  einem  Gaserzeuger  mit  Schweleinbau 
zugeführt. 
Die  zuerst  errichteten  Versuchsanlagen  waren  Einzelöfen  (Abb.  20) 
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mit  einem  mittleren  Durchsatz  von  20-25  t/Tag.  In  den  letzten 
Jahren  sind  verschiedene  xA.nlagen  in  grösseren  und  kleineren 
Einheiten,  sowohl  für  deutsche  Rohkohle  z.B.  Westeregeln  nahe 
Magdeburg  (Abb.  21)  bei  den  Consolidierten  Alkaliwerken  als  auch 
für  ausländischen  Lignit  errichtet  worden,  z.B.  in  Mittel-Canada 
eine  Anlage  für  400  t  Tagesleistung.  Hierbei  ist  durch  geeignete 
Unterteilung  des  Querschnitts  grosser,  rechteckiger  Schachtöfen 
der  Durchsatz  auf  die  für  den  Grossbetrieb  erforderliche  Leistung 
gebracht  worden,  und  zwar  bei  deutscher  Rohbraunkohle  mit  50% 
Wassergehalt  auf  etwa  120  bis  130  t,  für  Lignite  mit  30  bis  40% 
Wassergehalt  auf  180  bis  200  t. 


Abb.  21.     Lurgi  Schwelanlage  für  mitteldeutsche  Rohbraunkohle 

(Westeregeln),  Durchsatz  120  t/24  Std.  Rohbraunkohle  von  46% 

Wassergehalt. 


Die  Entwicklung  zum  Gross-Ofen  hat  sich  ohne  wesenthche 
Schwierigkeiten  vollzogen.  Es  haben  sich  folgende  Punkte  als 
vorteilhaft  erwiesen:  Die  grosse  Durchsatzleistung  zufolge  günstiger 
Wärmewirtschaft,  die  Einfachheit  der  Konstruktion  unter  Fortfall 
bewegter  Teile  im  Ofeninnern,  die  einfachen  Bauelemente  und  die 
Beständigkeit  des  Ofens  gegen  chemischen  und  mechanischen 
Angriff,  die  Einfachheit  der  Bedienung  bei  geringem  Personal- 
bedarf und  die  geschlossene  Bauart,  die  kostspielige  Nebenbetriebe 
ausschliesst. 
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Voraussetzung  ist  allerdings  eine  gewisse  Körnigkeit  des  zu 
verarbeitenden  Materials,  d.h.  der  Betrag  an  staubförmigen  Anteilen 
darf  ein  bestimmtes  Maximum  nicht  überschreiten.  Praktisch  hat 
dies  dazu  geführt,  dass  man  bei  Anwendung  des  Verfahrens  auf 
deutsche  Rohbraunkohle  von  vornherein  eine  Abtrennung  des 
Staubanteiles  vornimmt  und  diesem  feinkörnigen  Anteil  durch 
Herstellung  von  Rohpresslingen  eine  gewisse  Struktur  verleiht. 

Bei  grosstückigem  Material  bis  zu  150  mm  Korngrösse,  wie  z.B. 
bei  ausländischen  Ligniten,  erhält  man  einen  grobkörnigen  und 
stückigen  Koks,  der  sich  mit  Vorteil  für  industrielle  Feuerungen 
und  Hausbrandzwecke  verwenden  lässt.  Die  Teerausbeuten  nähern 
sich  qualitativ  und  quantitativ  weitgehend  dem  theoretisch 
erreichbaren  Maximum. 

Die  technische  Entwicklung  des  Lurgi-Verfahrens  zur  Gross- 
Apparatur  kann  heute  im  wesentlichen  als  beendet  angesehen 
werden,  ohne  dadurch  die  Durchsatzleistung  nach  oben  zu  begrenzen, 

Spülgasschwelung  und  Aussenbeheizung,  d.h.  unmittelbare  und 
mittelbare  Wärmeübertragung,  sind  zu  einem  neuen,  kombinierten 
System  verbunden  worden  im 

Dachschwelofen  nach  Drawe  der  Allgemeinen  Vergasungs- 
Gesellschaft  M.B.H.,  Berlin-Halensee. 

Zur  Verschwelung  stückiger  Brennstoffe,  soweit  sie  nach  der 
Spülgasverschwelung  stückig  verbleiben,  propagiert  diese  Gesell- 
schaft durch  Arnemann  allgemein  die  Anwendung  des  Spülgasver- 
fahrens im  Schachtofen.  Soweit  aber  der  Brennstoff  eine  Körnung 
nicht  besitzt,  wie  z.B.  bei  mulmiger  Rohbraunkohle  oder  bei  nicht 
backender  Feinkohle,  wird  der  Dachschwelofen  nach  Drawe 
vorgeschlagen  (Abb.  22).  In  einem  eisernen  Schwelschacht  befinden 
sich  gusseiserne,  dachförmige  Einbauten,  die  unten  offen  sind,  so 
dass  die  sich  anböschende  Kohle  einen  natürlichen,  unteren 
Abschluss  bildet.  Behebig  erzeugte  und  temperierte  Spülgase 
werden  im  Gegenstrom  durch  die  dreieckigen  Kanäle  hin-  und 
hergeführt,  wobei  sie  einen  Teil  ihrer  Wärme  immittelbar  an  die 
bespülte  Kohle  abgeben,  ohne  die  Beschickung  selbst  zu  durch- 
dringen. Ein  anderer  Teil  der  fühlbaren  Wärme  wird  mittelbar 
durch  die  Eisenwände  der  Einbauten  an  die  Kohle  abgegeben. 

Versuche  zur  Verschwelung  vorgetrockneter  Kohle  sind  noch 
nicht  abgeschlossen.- — Im  Gegensatz  zu  den  bisher  besprochenen,  in 
der  Hauptsache  lotrecht  angeordneten  Spülgasapparaten  weist  der 

Kanalofen  der  Julius  Pintsch  A.-G.,  Berlin, 
eine  wagerechte  Anordnimg  auf.    Die  genannte  Firma  hat  für  die 
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Abb.    22.     Dachschwelofen   nach^Drawe   der   Allgemeinen   Vergasungs- 
Gesellschaft. 


1050 


GERMANY:   LOW -TEMPERATURE   CARBONISATION 

Deutsche  Reichsbahngesellschaft  in  Muldenstein  bei  Bitterfeld 
einen  Kanalofen  gebaut  und  in  Betrieb,  in  dem  staubförmige  Roh- 
braunkohle verschwelt  wird. 

In  einem  als  Kanal  oder  Tunnel  ausgebildeten,  von  Spülgasen 
durchströmten  Schwelofen  wird  die  vorgetrocknete  Rohbraunkohle 
dem  Gasstrom  entgegen  gefahren,  wobei  in  der  Schwelzone  bei  etwa 
500°C  die  Entteerung  und  in  der  Kühlzone  die  Abkühlung  des 
Schwelkokses  auf  40-80°C  stattfindet.  Die  auf  Schienen  geführten 
Wagen  bestehen  aus  dem  Fahrgestell  und  einem  aufgesetzten 
Schwelaufsatz,  in  dem  Taschen  für  das  Schwelgut  parallel  zur 
Fahrt-  und  Strömungsrichtung  angeordnet  sind,  die  beiderseitig 
vom  heissen  Gasstrom  bespült,  nicht  durchströmt  werden.  Nach 
Beschickung  in  einer  Füllschleuse  rollen  die  Wagen  in  die  Ein- 
fahrtschleuse am  Ofeneingang.  Halbstündlich  wird  ein  neuer 
Schwelwagen  in  den  Ofen  gedrückt  und  damit  die  Wagenkette  um 
eine  Wagenlänge  weiter  vorgeschoben .  Am  Ofenausgang  wird  in  einer 
Ausfahrtschleuse  der  Schwelaufsatz  vom  Wagen  gehoben,  während 
eine  Abstreichvorrichtung  den  aus  den  Taschen  auf  die  Wagen- 
platte fallenden  Schwelkoks  in  eine  tiefer  liegende  Grube  fördert. 
In  der  Ofenmitte  zwischen  Schwel-  und  Kühlzone  liegt  die  Verbren- 
nungskammer mit  der  Zuführung  der  Spülgase,  die  mittels  Genera- 
torgas direkt  oder  in  einem  Rekuperator  indirekt  auf  etwa  600°C 
hoch  geheizt  werden.  Die  Absaugung  der  teerbeladenen  Umlauf  gase 
erfolgt  am  Ofeneingang.  Nach  ihrer  Entteerung  werden  die 
abgekühlten  Schwelgase  am  Ofenausgang  in  die  Koks-Kühlzone 
gesaugt,  dort  auf  250-350°C  erwärmt  und  mittels  Umwälzgebläses 
in  die  Feuerung  des  Verbrennungsofens  bezw.  des  Rekuperators 
gedrückt. 

Der  bisher  erprobte  Versuchsofen  verschwelte  täglich  100  t  Roh- 
braunkohle von  50%  Feuchtigkeit;  ein  im  Bau  befindlicher 
Kanalofen  soll  300  t/Tag  derselben  Kohle  verarbeiten.  Der  gewon- 
nene Teer  besitzt  nur  0,01-0,10%  Staub  und  1-2%  Wasser. 

Nach  diesem  Schwelverfahren  kann  ausser  Rohbraunkohle  vorteil- 
haft jeder  nicht  backende,  staubhaltige  Brennstoff  mit  einer 
Körnung  von  nicht  mehr  als  30  mm  ohne  Begrenzung  nach  unten 
verarbeitet  werden.  Da  das  Schwelgut  in  sich  nicht  bewegt  und 
vom  Spülgas  nicht  durchströmt  wird,  ist  der  Teer  praktisch  staub- 
und  wasserfrei.  Überhitzung  und  Krackung  der  bituminösen 
Körper  kann  durch  Temperatureinstellung  vermieden  werden.  Bei 
den  grossen  Wandstärken  des  Ofens  sind  Strahlungs-  und  Leitungs- 
verluste gering.  Die  Leistung  ist  bei  niedrigen  Anschaffungs-  und 
Bedienungskosten  sehr  beachtlich. 
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Es  ist  zu  erwarten,  dass  die  inzwischen  weitergeführten  Versuche 
eine  endgültige  Lösung  der  bedeutsamen  Frage  bringen,  staubiges 
Rohmaterial  als  solches  im  Spülgasverfahren  wirtschaftlich  zu 
verarbeiten. 

Leider  ist  in  Deutschland  die  bitumenreiche  Braunkohle  in 
überwiegendem  Masse  stark  mulmig  und  stellt  ein  wahllos  aus 
grobem  und  feinem  Material  zusammengesetztes,  ungleichmässiges 
Gemisch  dar,  in  dem  das  Feinkorn  ganz  erheblich  überwiegt.  Es 
bietet  daher  diese  Kohle  zufolge  ihrer  tmdurchdringhchen  Lagerung 
der  Gas-Durchspülung  unter  Erhöhung  des  Spülgas-Druckes  nicht 
geringe  Schwierigkeiten,  die  jedoch  auch  über  den  Umweg  einer 
Formgebung  der  Kohle  als  überwunden  gelten  können. 

Spülgasverfahren  in  Anwendung  auf  geformte  Braunkohle. 

Unter  geformter  Kohle  ist  hier  das  Brikett  oder  der  Formung 
(Pressling)  zu  verstehen.  Braunkohlenbriketts  bestehen  aus 
Braunkohle,  die  nach  Trocknung  auf  etwa  15%  Wassergehalt  ohne 
Zusatz  eines  Bindemittels  durch  mechanischen  Druck  und  Verdich- 
tung auf  etwa  die  Hälfte  ihres  Volumens  geformt  worden  ist.  Im 
Gegensatz  hierzu  erfolgt  die  Trocknung  der  Formlinge  oder  Press- 
linge  aus  Rohbraunkohle  erst  nach  der  Druckformung.  Die  All- 
gemeine Vergasungs-Gesellschaft,  Berlin,  hält  die  Verschwelung  von 
Braunkohlenbriketts  gegenüber  der  von  Rohbraunkohle  für  wirt- 
schaftHcher. 

Spülgasschwelanlage     der     Allgemeinen     Vergasungs- 
Gesellschaft,  Berlin,  für  Braunkohlenbriketts. 

In  einem  zylindrischen  Schwelschacht  ohne  irgendwelche  Einbauten 
wird  das  für  die  Entteerung  erforderhche,  heisse,  inerte  Spülgas 
imten  eingeführt.  Das  Spülgas  wird  temperierbar  in  einem  beson- 
deren Verbrennungsofen  erzeugt  (Abb.  23).  Brennbare  Gase 
entstehen  bei  dieser  Schwelvorrichtung  nicht,  lediglich  Schwelteer 
und  Schwelkoks.  Ein  Schacht  von  3  m  Durchmesser  setzt  in  24 
Stunden  75  t  mitteldeutscher  Braunkohlenbriketts  durch,  wobei 
Teer  und  Koks  in  theoretischen  Mengen  gewonnen  werden.  Eine 
kleine  Anlage  war  auf  der  Reichen-Zeche  bei  Freiberg  i.Sa.  in 
Betrieb. 

Das  Spülgasverfahren  von  Seidenschnur-Pape  der  Flammkok- 
Gesellschaft  m.b.H.,  Magdeburg. 

Diesem  Verfahren  liegt  die  Feststellung  zu  Grunde,  dass  sich 
mittels  heisser  Spülgase  der  Teer  bezw.  die  bituminöse  Substanz 
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der  Braunkohle  entziehen  lässt,  ohne  dass  dabei  nennenswerte 
Mengen  brennbarer  Zersetzungsgase  gebildet  werden.  Es  tritt 
dabei  eine  Art  Inkohlung  ein,  bei  der  grössere  Mengen  Kohlensäure 
neben  nicht  unerhebüchen  Mengen  Schwefelwasserstoff,  vornehmlich 
aus  organischen  Schwefelverbindungen  der  Braunkohle,  abgespaltet 
werden.  Die  Bildung  von  brennbaren  Gasen  ist  so  gering,  dass  man 
unter  Umständen  auf  ihre  Nutzbarmachung  verzichten  kann,  da 
ihr  Wärmeinhalt  nur  etwa   1,5%  des  Heizwertes  der  Braunkohle 


Abb.  23.     Schwelanlage  der  Allgemeinen  Vergasungs-Gesellschaft. 

ausmacht.  Aber  auch  diese  Krackgase  lassen  sich,  wie  später 
gezeigt  wird,  nutzbringend  im  Trockenprozess  des  Verfahrens 
verwerten. 

Ganz  besondere  Sorgfalt  wird  auf  den  der  eigenthchen  Entteerung 
der  Braunkohle  vorangehenden  Trockenprozess  verwendet.  Bekannt- 
lich schwindet  die  Braunkohle  beim  Abtrocknen  auf  12-15% 
Feuchtigkeit  um  etwa  40%  ihres  ursprünglichen  Volumens.  Trägt 
man  dieser  Tatsache  nicht  Rechnung,  wie  dies  heute  ausnahmslos 
in  Braunkohlenbrikett-  und  Montanwachsfabriken  der  Fall  ist,  so 
tritt  eine  erhebliche  Staubbildung,  ein  starker  Zerfall  des  Kohlekorns 
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und  eine  ganz  ungleichmässige  Abtrocknung  der  verschiedenen 
Korngrössen  ein.  Erfolgt  dagegen  die  Trocknung  der  Rohbraunkohle 
gemäss  ihrer  Kolloidnatur  nach  dem  hier  angewandten  sogenannten 
Feiichtigkeitsprinzip,  d.h.  geht  der  eigentlichen  Abtrocknung  der 
Rohbraunkohle  erst  eine  gründliche  Durchwärmung  in  wasserdampf- 
oder  nahezu  wasserdampfgesättigter  Atmosphäre  voraus  und  hält 
beim  Trockenprozess  die  Wasserabgabe  mit  dem  Volumenschwund 
gleichen  Schritt,  so  wird  jede  Staubbildung  vermieden,  der  Zusam- 
menhang des  Kohlekorns  bewahrt  und  ein  annähernd  gleicher 
Trockenheitsgrad  aller  Korngrössen  erreicht. 

Grobe  Siebkohle  ist  in  einfachen  Schachtapparaten  mittels  Spülgas 
leicht  zu  \'erschwelen;  sie  wird  für  sich  behandelt.  Zur  Spülgas- 
schwelung mulmiger  Rohbraunkohle  dagegen  wird  die   Klarkohle 

TrocknunqS'  und  Entteerurtgs-ßnlage. 

nach    Sputa aiverfahren     Seiäemchnur   Fape 


/iii'n:i!i!nii!i!ii!iii!!i!i!:"iifni:ii;i 


Bandtrockner 


''     f    'ï    ^     TT     ^^^    '*~7T    71    TT^^T     r^~''     T     '   '^"'' — K~^ — ^    At — T^ — K^ — ^ — TT" 


Abb.  24. 


zunächst  einer  Eierbrikettpresse  zugeführt  (Abb.  24).  Die  erhaltenen 
Formlinge  sind  genügend  fest,  um  ohne  wesentlichen  Zerfall  den 
mechanischen  Beanspruchungen  eines  vorsichtig  geleiteten  Trocken- 
und  Entteerungsprozesses  zu  widerstehen;  sie  gleiten  über  eine 
Schurre  in  den  Trockenapparat,  einen  Bandtrockner,  und  werden 
hier  in  wasserdampf-  oder  nahezu  wasserdampfgesättigter  Atmo- 
sphäre gründhch  durchwärmt.  Mit  dem  Weitertransport  im 
Apparat  gelangen  die  Formlinge  allmählich  in  Zonen  geringerer 
Feuchtigkeit,  in  denen  nunmehr  eine  Wasserabgabe  eintritt.  Gegen 
das  Auslauf-Ende  des  Trockners  zu  verringert  sich  der  Feuchtig- 
keitsgehalt der  umlaufenden  Trockengase  mehr  und  mehr.  Mittels 
geeignet  angeordneter  Ventilatoren  wird  eine  gründliche  Bespülung 
des  Trockengutes  mit  den  Umlauf  gasen  ermöglicht.    Diese  verlassen 
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wasserdampfgesättigt  den  Trockenapparat  in  der  Nähe  der  Ein- 
trittsstelle des  grubenfeuchten  Schwelgutes.  Die  Aufheizung  der 
umlaufenden  Gase  wird  durch  Dampf heizkörper  bewirkt,  die  sich 
in  entsprechender  Anordnung  über  oder  unter  dem  Trockenbande 
befinden;  sie  kann  aber  auch  durch  Zuführung  von  Heissgasen  aus 
Heizkanälen  erfolgen,  die  von  Verbrennungsöfen  gespeist  werden, 
in  denen  Generatorgas  verbrannt  wird. 

Das  Trockengut  verweilt  3|  bis  4  Stunden  im  Trockenapparat  und 
besitzt  dann  noch  12  bis  15%  Wasser.  Diese  Zeit  ist  unbedingt 
erforderlich,  um  sich  die  beschriebenen  Vorteile  einer  dem  Kolloid- 
charakter der  Braunkohle  angepassten  Trocknungs-  und  Ent- 
teerungsart  zu  sichern.  Die  Entteerung  des  Trockengutes  geschieht 
in  einfachen  Schachtapparaten  ohne  innere  Einbauten,  in  die  der 
Spülgasstrom  mit  etwa  400°C  eintritt. 

Mit  den  von  Hilliger,  sowie  von  Seidenschyutr  und  RaitheL 
aufgestellten  Leitsätzen,  die  für  Spülgasprozesse  jeder  i\rt  All- 
gemeingültigkeit haben,  werden  die  bisher  meist  empirischen 
Grundlagen  auf  eine  wissenschaftliche  und  technisch  erprobte 
Basis  gestellt  unter  Berücksichtigung  der  einzeln  oder  zusammen 
wirkenden  Einflüsse  aller  beteiligten  Faktoren,  wie  Korngrösse, 
Feuchtigkeitsgehalt,  Porosität  der  Kohle,  Wesensart  und  Menge 
der  Spülgase,  Ausbildung  des  Schwelschachtes,  Temperatur-, 
Druck-  und  Mengenverhältnis. 

Die  mit  Teer-  und  Leichtöldämpfen  beladenen  Spülgase  werden 
in  üblicher  Weise  entteert  und  entölt;  sie  kehren  dann  z.T.  wieder 
in  den  Prozess  zurück,  wo  sie  in  besonderen  Öfen  auf  die  für  die 
Entteerung  notwendige  Temperatur  aufgeheizt  werden.  Der 
Spülgasrest  wird  im  Trockenprozess  zum  Abtransport  der  Feuch- 
tigkeit aus  der  Kohle  benutzt.  Dadurch,  dass  man  die  restlichen 
Schwelgase  zunächst  in  die  das  Heissgas  liefernden  \^erbrennungs- 
öfen  einführt,  lässt  sich  auch  ihr  an  sich  geringer  Heizwert  für 
den  Trockenprozess  noch  nutzbar  machen. 

Der  gewonnene  Teer  ist  hochstockend  und  bitumenreich.  Infolge 
der  schonenden  Einwirkung  des  Spülgases  sind  Zersetzungen  unter 
Bildung  kleinster  Mengen  brennbarer  Gase  äusserst  gering.  Eine 
gewisse  Spaltung  tritt  jedoch  trotzdem  unter  Bildung  von  Leicht- 
ölen ein,  deren  Menge  etwa  10%  der  Teerausbeute  beträgt;  hieraus 
lassen  sich  bis  zu  60%  eines  wasserhellen,  klopffesten  Betriebsstoffes 
von  mildem  Geruch  gewinnen. 

Gleichgültig,  ob  Siebkohle  oder  Mulmkohle  zur  Verarbeitung 
gelangt,    fällt   der   Koks   infolge   der    schonenden,    die   eigentliche 
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Kohlesubstanz  nicht  abbauenden  Behandlungsweise  in  grob- 
körniger Beschaffenheit  mit  einem  hohen  Gehalt  an  flüchtigen, 
brennbaren  Bestandteilen  an. 

Der  Koks  lässt  sich  aber  auch  zu  Briketts  verpressen  entweder 
unter  Zusatz  anorganischer  Bindemittel  oder  unter  Verwendung 
von  Wasser,  wovon  etwa  10-12%  benötigt  werden.  In  letzterem 
Falle  müssen  gewisse  Teermengen  im  Koks  belassen  werden,  die 
indess  nicht  so  gross  sind,  dass  dadurch  die  russ-  und  rauchlose 
Verbrennung  der  Koksbriketts  in  Frage  gestellt  wird. 

Schliesslich  ist  von  Seidenschmir  noch  vorgeschlagen  worden, 
den  Koks  in  seinem  grobkörnigen  Zustande  oder  in  Form  der  unter 
Wasserbindung  hergestellten  Briketts  vorteilhaft  für  die  Erzeugung 
eines  heizkräftigen  Gases  zu  benutzen.  Es  hat  sich  nämlich  gezeigt, 
dass  das  Gefüge  dieser  Briketts  auch  bei  einem  Glühprozess  gewahrt 
bleibt,  so  dass  ein  stückiger  Koks  erhalten  wird,  der  sich  zufolge 
seiner  grossen  Reaktionsfähigkeit  u.a.  für  die  Wassergaserzeugung 
verwenden  lässt.  Dadurch,  dass  man  im  Entteerungsprozess 
beHebige  und  vorher  genau  bestimmbare  Teermengen  im  Koks 
belassen  kann,  kann  man  die  Gasbeschaffenheit  nach  Wunsch 
beeinflussen. 

Das  neue  Verfahren  wird  gegenwärtig  in  einer  Betriebseinheif 
mit  einer  täghchen  Leistung  von  125-150  t  Rohbraimkohle  in 
Harbke  bei  den  Braunschweigischen  Kohlenbergwerken,  Helmstedt, 
ausgeführt.  In  Zukunft  ist  geplant,  Betriebseinheiten  mit  etwa 
300  t  täghcher  Rohkohlen- Verarbeitung  zu  erstehen,  die  in  beliebiger 
Zahl  zu  grösseren  Anlagen  vereinigt  werden  können. 

Wenn  die  Anlagekosten  in  einem  angemessenen  Verhältnis  zur 
Durchsatzleistung  stehen,  so  dürften  die  wirtschaf tüchen  Aussichten 
dieses  Verfahrens  deshalb  vielversprechend  sein,  weil  offenbar  ein 
Maximum  aller  gewinnbaren  Kohlewertstoffe  erreicht  wird. 

Dem  vorbeschriebenen  Verfahren  ähnlich  ist  ein  in  Ausarbeitung 
begriffenes  kombiniertes 

Schwelverfahren  der  Maschinenbauanstalt  Humboldt, 

Köln-Kalk,  bei  dem  nasse  Braunkohle  ebenfalls  zu  Eierformbriketts 
von  Walnussgrösse  verpresst  wird  ohne  Anwendung  besonderer 
Bindemittel.  Die  Formünge  werden  nach  dem  Feuchtigkeits- 
prinzip sorgfältig  in  einem  Spezialapparat  getrocknet  und  dann  in 
einem  Schachtofen  mit  Hilfe  von  Spülgas  unter  gleichzeitiger 
Aussenbeheizung  verschwelt.  Man  rechnet  mit  der  Erzeugung  eines 
in  seiner  Form  gut  erhaltenen  als  Anthrazitersatz  im  Hausbrand 
verwendbaren  Brennstoffes,  der  auch  an  Stelle  von  Steinkohlenkoks 
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in  der  Industrie  z.B.  in  Wassergaserzeugern  guten  Absatz  finden 
wird.  Eine  Anlage  zur  Verarbeitung  von  2  000  t  Rohbraunkohle 
je  Tag  soll  im  Entstehen  sein. 


Abb.  25a.     Brikett-Schwelofen  und  Gaserzeuger  der 
Deutschen  Erdöl-A.-G. 


Technisch  und  wirtschaftlich  von  Bedeutung  ist  der  in  grossem 
Masstabe  betriebene 


Brikettschwelofen    und    Gaserzeuger    der    Deutschen 
Erdöl-A.-G.  in  Altenburg. 

Die  Deutsche  Erdöl-A.-G.  hat  in  ihrer  Altenburger  Werksgruppe 
1917-1918  grosszügige  Anlagen  zur  Erzeugung  von  Teer  aus  mittel- 
deutscher Braunkohle  geschaffen.    Als  Verfahren  wurde  zunächst 


c34 
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die  restlose  Vergasung  gewählt.  Im  Gegensatz  zu  ähnlichen  Plänen 
von  anderer  Seite  wurde  von  Anfang  an  die  Verarbeitung  von 
Braunkohlenbriketts  vorgesehen.  In  drei  Anlagen  wurden  insgesamt 
55  Generatoren  errichtet.  Die  Apparate  (Abb.  25a)  bestehen  aus 
senkrechten,  mit  feuerfestem  Material  ausgekleideten  Schächten  von 
lang-ovalem  Querschnitt.  Der  untere  Teil  dient  als  Generator  und 
wird  von  einem  Korbrost  abgeschlossen.  Der  Brennstoff  ruht  auf 
einem  mechanisch  bewegten  Schiebetisch,  der  die  erzeugte  x\sche  in 
einen  darunter  befindlichen,  gasdicht  abgeschlossenen  Trichter 
abwirft.  Aus  dem  Trichter  wird  die  Asche  durch  Druckspiilung 
entfernt.  Die  zur  Vergasung  erforderliche  Luft  wird,  stark  mit 
Wasserdampf  gesättigt,  durch  den  Korbrost  in  den  Brennstoff 
eingeführt.  Die  fühlbare  Wärme  der  aufsteigenden,  heissen 
Generatorgase  schwelt  die  darüber  lagernden  Briketts  und  nimmt 
gleichzeitig  das  Schwelgas  und  die  entstehenden  Teerdämpfe 
auf.  Das  Gas-Dampf gemisch  wird  in  der  Nähe  der  beiden  Füllöff- 
nungen zur  Teerkondensation  abgeführt. 

Später  wurden  die  langen  Seitenwände  der  Generatoren  etwa  in 
halber  Höhe  mit  schlitzartigen  Öffnungen  versehen.  Die  an  dieser 
Stelle  sich  bildenden  Böschungen  des  heissen  Brennstoffes  werden 
mit  mehreren  Kratzern  bearbeitet,  sodass  ein  regelbarer  Teil  des 
hier  lagernden  Kokses  durch  die  Öffnungen  in  seitlich  angebaute, 
gasdichte  Taschen  abgleitet.  Aus  diesen  Taschen  wird  der  Koks — 
"Briko-Koks"  genannt — durch  einen  Wasserverschluss  hindurch- 
geführt und  mittels  Druckspülung  zur  Verladung  befördert.  Etwa 
ein  Drittel  des  Briketteinsatzes  wird  auf  diese  Weise  verschwelt, 
während  nur  der  Rest  bis  in  die  Vergasungszone  gelangt.  Durch 
die  seitliche  Entnahme  von  Grudekoks,  die  der  Firma  unter  dem 
D. R.P.Nr.  401  686  geschützt  ist,  wird  die  Gesamtleistung  der  Ein- 
richtungen entsprechend  gesteigert.  Der  Tagesdurchsatz  einer 
Einheit  beträgt  heute  etwa  40  t  Briketts.  Die  im  Grossbetrieb 
erhaltenen  Ausbeuteziffern  stellen  sich  auf  etwa: 

12,0  Gewichts-%  Teer, 
0,75        ,,        %  Leichtöl, 
0,60        ,,        %  Ammonsulfat, 

17,00        ,,        %  Briko-Koks, 
1,25  cbm  Gas  von  1  650  kcal  je  1  kg  Briketteinsatz. 
Der  gesamte  Jahresdurchsatz  der  Anlagen  beträgt  etwa  500  000  t 
Braunkohlenbriketts. 

Da  die  Aufnahmefähigkeit  der  Industrie  für  die  erzeugten  grossen 
Mengen  Generatorgas  beschränkt  war,  wurde  vor  mehreren  Jahren 
ein  Teil  der  Generatoren  auf  ausschliessUche  Schwelung  umgestellt. 
1058  c34 


GERMANY:   LOW-TEMPERATURE   CARBONISATION 

Zu  diesem  Zwecke  wurde  in  der  Längsachse  des  Generatorschachtes 
ein  Spitzbogenrost  (Abb.  25b)   aus  feuerfesten  Material  errichtet, 


durch  den  hindurch  heisse  Spülgase  in  das  Schwelgut  eingeführt 
werden.  Der  unveränderte  Schiebetisch  dient  dann  zur  Austragung 
des  Schwelkokses  in  den  früheren  Aschentrichter,  aus  dem  er,  wie 
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üblich,  durch  Druckspülung  entfernt  wird.  Die  Erzeugung  der 
heissen  Spülgase  erfolgt  in  einer  an  der  Stirnseite  angebauten 
Einrichtung,  die  im  wesentlichen  aus  einer  Brennkammer  mit 
Gasdruckbrenner  besteht.  Von  den  im  Kreislauf  bewegten  entteer- 
ten Gasen  wird  ein  kleiner  Teil  im  Druckbrenner  unter  Zusatz  von 
Pressluft  verbrannt.  Der  grössere  Teil  der  Kühlgase  wird  dem 
entstandenen  Rauchgasstrome  nach  seinem  Austritt  aus  dem 
Brennraum  zugemischt  und  dient  zur  Temperierung.  Durch  den 
Übergang  zur  reinen  Schwelung  konnte  die  Durchsatzleistung  der 
Ofeneinheiten  weiterhin  gesteigert  werden.  Die  Umstellung  einer 
grösseren  Anzahl  von  Generatoren  auf  das  beschriebene  Schwelver- 
fahren ist  z.Zt.  im  Zuge. 

Die  Verwendung  von  bitumenhaltiger  Braunkohle  zu  Feuerungs- 
briketts bedeutet  den  Grossverbrauch  eines  Rohmaterials,  das 
wertvolle,  technisch  gewinnbare  Kohlenwasserstoffe  enthält.  An 
der  Braunkohlen-Weltförderung  des  Jahres  1926  von  179  Millionen  t 
ist  Deutschland  mit  140  Millionen  t  beteiligt.  Davon  haben  nach 
Seidenschmtr  etwa  59  Millionen  t  einen  Bitumengehalt  von  durch- 
schnittlich 6°o,  die  bei  Annahme  einer  Betriebsausbeute  von  nur 
5%  eine  gewinnbare  Teermenge  von  2,95  Millionen  t  darstellen. 
In  Deutschland  wird  etwa  1/3  des  gesamten  Kohlenverbrauches  in 
Kesselfeuerungen  verstocht.  Der  weitgehenden  Forderung,  kein 
Kilogramm  Rohkohle  unter  Kesselfeuerungen  zu  \'erbrennen, 
bevor  es  nicht  chemisch  ausgewertet,  d.h.  verschwelt  ist,  suchen 

DIE  Spülgasverfahren  in  Verbindung  mit  Kessel- 
feuerungen 
gerecht  zu  werden,  wobei  Bitumengehalt  und  Beschaffenheit  der 
Rohkohle  nebst  Art  des  mechanisch  bewegten  Rostes  für  die 
Anwendung  dieses  Verfahrens  ausschlaggebend  sind.  Die  weit- 
tragende Frage  einer  Kuppelung  von  Gross-Schwelerei  mit  Dampf- 
erzeugungsanlagen oder  Kraftwerken  ist  inzwischen  auch  in 
anderer  Weise  gelöst  werden,  wie  an  anderer  Stelle  berichtet  wird. 
In  dem 

Schw^elschacht  für  Kesselfeuerungen  von  J.  Pintsch  A.-G., 

Berlin,  ist  die  zusätzliche  Schwelapparatur  als  eine  unabhängige 
Ergänzung  zu  einem  Wanderrost  zu  betrachten,  aus  der  der 
glühende  Schwelkoks  unmittelbar  auf  den  Rost  fällt  und  nach 
entsprechender  \'erteilung  verbrannt  wird  (Abb.  26).  Grob- 
stückige nicht  backende  Steinkohle,  nicht  mehr  als  20%  Wasser 
enthaltende  stückige  Kohle  von  15  bis  150  mm  Stückgrösse  oder 
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Briketts  werden  in  einem  über  dem  Wanderrost  angeordneten 
Schwelschacht  während  des  Absinkens  durch  einen  Teil  der  auf- 
steigenden, heissen  Rauchgase  verschwelt,  die  dann  in  übUcher 
Weise  entteert  und  unter  die  Kessel  zurückgeleitet  werden.  Es 
sind  1 1  solcher  Anlagen  bei  Kesseln  bis  540  qm  Heizfläche  in 
Betrieb  mit  Tagesdurchsätzen  von  60-100  t  Briketts,  Teerausbeuten 
bis  7,5%  und  einem  Wirkungsgrad  von  82,5%.  Neben  Kennelkohle 
von  Spitzbergen  ist  auch  aschereiche,  schiefrige  Steinkohle  erfolg- 
reich bei  bester  Wärmewirtschaftlichkeit  durchgesetzt  worden. 


Abb.  26.     Schwelofen  für  Kesselfeuerungen  von  J.  Pintsch. 

Bei   60  000   Mark   Anschaffungskosten   ist    eine    Anlage    in    1-2 
Jahren  amortisiert. 


II— DIE  VERSCHWELUNG  DER  STEINKOHLE 

Anmerkung: 

Leser  dieses  Teiles  werden  ausdrücklich  darauf  aufmerksam  gemacht, 
dass  sich  unter  den  im  I.  Teil  aufgeführten  Schwelverfahren  viele 
befinden,  die  auch  für  Steinkohle  und  andere  schwelwürdige  Brennstoffe 
Anwendung  finden  können;  hierauf  ist  im  I.   Teil  jeweils  hingewiesen. 
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(1)  Allgemeines 

Das  Problem  der  Verschwelung  von  Steinkohle  ist  mit  der  Frage 
des  sogenannten  Sortenproblems  verknüpft.  Das  Sortenproblem 
besteht  in  dem  Missverhältnis  zwischen  dem  Angebot  von  natürlich 
anfallenden  Fördermengen  gewisser  Kohlensorten  und  der  man- 
gelnden Nachfrage  danach  infolge  beschränkter  Absatzmöglichkeit. 
Stückige,  hochwertige  Kohlen  kommen  als  Rohstoff  für  die 
Schwelerei  nicht  in  Betracht.  Wenig  absatzfähig  sind  dagegen 
die  anfallenden,  grossen  Mengen  Feinkohle,  soweit  sie  nicht  als 
Fett-  und  z.T.  auch  als  Gas-Feinkohlen  in  Kokereien  und  Gaswerken 
verwendet  werden.  Grosse  Mengen  Feinkohle  haben  trotz  niedrigen 
Preises  keinen  Markt.  Einen  Ausgleich  darin  zu  finden,  dass  diese 
nur  der  Form  nach  minderwertigen  Sorten  im  Inland  verbraucht 
werden,  um  stückige,  hochwertige  Kohle  für  die  Ausfuhr  frei  zu 
bekommen,  das  Ziel,  die  Nachfrage  nach  gewissen  Brennstoffsorten 
der  Förderung  mehr  und  mehr  anzugleichen  und  nach  zhr  Nedden 
ein  Sortengleichgewicht  herzustellen,  kennzeichnet  die  Hauptaufgabe 
der  Steinkohlenschwelung:  Feinkohle  in  stückige,  marktgängige 
Form  vermittels  des  Schwelprozesses  auf  Grund  der  natürlichen 
Backfähigkeit  überzuführen  und  in  ihrem  Werte  zu  steigern.  Für 
die  Verschwelung  nicht  backender,  feinkörniger  Steinkohle  sind  in 
der  Hauptsache  die  gleichen  Verfahren  wie  für  Braunkohle  anwend- 
bar. Grössere  Anlagen  hierfür  sind  jedoch  bis  jetzt  in  Deutschland 
noch  nicht  erbaut  worden.  Neuere  Bestrebungen  gehen  dahin, 
gasreiche  Kokskohle  an  Stelle  von  auswärtiger  Magerkohle  mittels 
eigenerzeugten,  feinen  Schwelkokses  abzumagern;  diese  Versuche 
haben  indessen  in  Oberschlesien  keine,  im  Saargebiet  jedoch  geringe 
betriebhche  Bedeutung  erlangt. 

In  Deutschland  stellte  Börnstein  1906  zum  ersten  Male  Stein- 
kohlenschwelprodukte  im  Laboratoriumsversuch  her.  Gegenüber 
den  gleichzeitig  in  England  einsetzenden,  lebhaften  Bestrebungen, 
aus  gasreicher  Steinkohle  einen  rauch-  und  russfreien  Brennstoff 
durch  Tieftemperaturbehandlung  unter  Behebung  der  Rauchplage 
zu  erzeugen,  machte  die  Entwicklung  dieser  Technik  in  Deutschland 
bis  zum  Weltkriege  keine  wesenthchen  Fortschritte.  Zwar  gab  der 
Mangel  an  flüssigen  Brennstoffen  der  Steinkohlenschwelung  neue 
Impulse,  doch  ist  sie  hauptsächlich  erst  in  der  Nachkriegszeit  und 
Inflationszeit  entwickelt  worden,  also  während  einer  katastrophalen 
allgemeinen  Wirtschaftslage,  in  der  die  Marktpreise  für  feste  und 
flüssige  Brennstoffe  ausser  allem  Verhältnis  verzerrt  waren.  Man 
war  der  falschen  Auffassung,  allein  aus  Schwelteer-  und  Leichtöl- 
Erlös  eine  Wirtschafthchkeit  kostspieliger  Schwelanlagen  erzielen 
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zu   können,   und  vernachlässigte  den  mengenmässig  überwiegend 
anfallenden  Schwelkoks  hinsichtlich  Qualität,  Marktfähigkeit  und 


Schnitt  a-a 
Abb.  27.     Horizontaler  Drehtrommel-Ofen  von  Thyssen. 


Absatzmöglichkeit.  Nach  Rückkehr  zu  stabilen  Wirtschaftsver- 
hältnissen hat  sich  dieser  Irrtum  an  den  zahlreichen,  mit  grossen 
Erwartungen  errichteten,  umfangreichen  Drehschwelofen-Anlagen 
bitter  gerächt.  Bis  auf  eine  einzige  im  Grossbetrieb  bestens  bewährte 


ö  «  a  12  t6  20m 

Abb.  28.    Drehtrommel-Ofen  von  Fellner  und  Ziegler. 

Drehtrommel    der    Kohlenscheidungs-Gescllschaft    in    Karnap    bei 
Essen    sind    fast    alle    Schweltrommeln     ausser    Betrieb    gesetzt, 
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andern  Zwecken  dienlich  gemacht  oder  verschrotet.    So  gehören 
•  der  zeitgeschichtHchen  Entwicklung  der  Schweltechnik  an: 

Der  horizontaleGros  sdrehofen  von  Thyssen,  Mülheim  a.Ruhr 

(Abb.  27), 
der  geneigt  gelagerte  Drehofen  von  Fellner  &  Ziegler,  Frankfurt 

a.M.  (Abb.  28), 
der  lotrechte,  rasch  rotierende  Drehofen  der  Bamag-Meguin, 

Berlin, 

der  aus  2  konzentrischen,  stehenden  Eisenblechzylindern  besteht 
(Abb,  29),  von  denen  der  innere  auf  dem  Aussenmantel  eine  Blech- 
schraube   trägt,    so   dass   eine   differenzierte   Drehgeschwindigkeit 


0    1     2    3    *    S/n 
Abb.  29.     Lotrechter  Drehofen  der  Bamag-Meguin  A.-G. 

eine  langsame,  zwangläufige  Förderung  des  Schwelgutes  nach  unten 
durch  die  Schraube  bewirkt.  Gleichzeitig  soll  eine  Formung  und 
Verdichtung  backender  Feinkohle  während  der  Schwelung  ver- 
mittels der  Fhehkraft  erfolgen. 

Nach  diesen  Fehlschlägen  war  man  zu  der  Erkenntnis  gekommen, 
dass  bei  der  Steinkohlenschwelimg  der  Schwelteer  ebenso  wie  das 
Schwelgas  ein  AV^^Kerzeugnis  ist,  während  zweifellos  die  Ver- 
edelung des  feinkörnigen  Rohstoffes  zur  harten,  lager-,  versand- 
und  umschlagfähigen  Stückform  von  Qualität  die  wirtschaftliche 
Grundlage  der  Steinkohlenschwelung  darstellt,  ohne  jedwede 
Beschränkung  in  der  \^erwendungsmöglichkeit  des  Schwelkokses  in 
Industriefeuerungen  und  als  Anthrazit-Ersatz  im  Hausbrand,  im 
Gaserzeuger,  wie  im  Giessereischmelzofen,  vielleicht  sogar  im 
Hochofen. 
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Abb.  30.     K.S.G. -Schwelanlage  auf  Zeche  Mathias  Stinnes  I/II. 


Abb.  6 1 .    K.S.Cj.-bchwelanlage  auf  Zeche  Mathias  Stinnes  I/II  Generator- 
Koks- Kühlanlage 
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Es  ist  bemerkenswert,  dass  in  den  Jahren  1903/04  im  mittel- 
deutschen Kohlengebiet  durch  Krey  Rohbraunkohle  in  einer 
Drehtrommel  während  monatelangen  Versuchsbetriebes  bereits 
verschwelt  worden  ist.  Doch  erst  viel  später,  in  Anlehnung  an  die 
im  Laboratorium  erprobte  Schweltrommel  von  Fischer  und  Glmid 
und  an  die  seit  Jahren  in  der  Zement-  und  Aufbereitungs-Industrie 
als  betriebssicher  erwiesenen  Drehapparate,  hat  sich  das  gleiche 
technische  Mittel  für  die  Steinkohlenschwelung  in  Deutschland 
entwickelt.  Hierfür  waren  u.a.  nach  Cantieny  und  Fritz  Müller 
folgende  Gesichtspunkte  massgeblich,  die  bei  dem 

(2)  geneigten    doppeldrehofen    der    kohlenscheidungs- 
Gesellschaft  M.b.H.,  Berlin, 

zur  Anwendung  kamen.  Durch  die  langsame,  sicher  zu  beherr- 
schende Eigendrehung  der  Trommel  wird  das  Schwelgut  unter 
stetigem  Umwenden  und  bester  Wärmeübertragung  gleichmässig 
fortwandernd  durch  die  Einrichtung  befördert,  wobei  bei  schwach 
geneigter  Verlagerung  sogar  aus  backenden  Brennstoffen  innerhalb 
gewisser  Temperaturen  auf  mechanisch  bewegte  und  dem  Verschleiss 
unterworfene  Teile  verzichtet  werden  kann.  Bei  geeigneter,  den 
physikalischen  Gesetzen  entsprechender  konstruktiver  Lösung 
können  grosse  Abmessungen  eingehalten  und  ohne  wesentliche 
Erhöhung  der  Wartungs-  und  Betriebskosten  beträchtliche  Durch- 
sätze erzielt  werden.  Der  Baustoff  der  Drehtrommel — Flusseisen — 
ist  ein  guter  Wärmeleiter,  der  bei  sachgemässer  Beheizung  oxy- 
dativen  Korrosionen  nicht  mehr  unterliegt.  Bei  entsprechend 
ausgeführten  Dichtungen  am  Ein-  und  Austrag  gewährleistet  der 
gasdichte  Ofenmantel  auch  bei  Unterdruck  im  Schwelraum  ein 
heizkräftiges  Gas.  Die  dauernde  Bewegung  des  Schwelgutes  lässt 
Überhitzungen  auch  bei  höchstzulässiger  Heiztemperatur  vermeiden. 
Durch  Änderung  der  Umdrehungsgeschwindigkeit,  durch  Ein- 
stellung der  durchgesetzten  Menge  kann  unter  Innehaltung  gewisser 
Arbeitsbedingungen  den  besonderen  Eigenschaften  des  Schwelgutes 
weitgehend  Rechnung  getragen  werden,  gleichgültig  ob  grob- 
körniges oder  staubförmiges,  aschearmes  oder  aschereiches,  backen- 
des oder  nicht  backendes  Material  vorliegt. 

Eine  Gross-Schwelanlage  nach  diesem  System  ist  seit  1924  auf 
der  Zeche  Mathias  St  inn  es  I/II  in  Karnap  bei  Essen  in  Betrieb 
(Abb.  30-32).  Der  Schwierigkeit  in  der  Beherrschung  der  Bean- 
spruchung der  Trommel  ist  man  dadurch  Herr  geworden,  dass 
2  Trommeln  ineinander  angeordnet  sind  (Abb.  33),  wobei  die 
innere  Trommel  als  kohlegekühltes  Traggerüst  für  die  eigenthche, 
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äussere  Schwel-Trommel  dient,  der  lediglich  die  Aufgabe  der 
Wärmeübertragung  zufällt.  Kalte  Kohle  wandert  unter  vorteilhaft 
langsamer  Anwärmung  und  Trocknung  erst  durch  die  innere 
Trommel,  durch  Schneckenbleche  zwangläufig  aufwärtsgefördert, 
und  kühlt  hierbei  den  inneren  Trommehnantel,  der  sich  nicht 
höher  als  200°C  erwärmt.  Diese  niedrige  Temperatur  bewirkt  hier 
noch  keine  Formveränderung  der  Kohle  durch  Backen  oder 
Blähen.  Am  oberen  Ende  der  Trommel  fällt  die  Kohle  durch 
Öffnungen  in  die  Aussentrommel,   um  hier,  durch  Drehung  und 


Abb.    32.     K.S.G. -Schwelanlage    auf    der    Zeche    ^lathias    Stinnes    I/II 
(Gesamtansicht  mit  Gasbehälter). 

Neigung  abwärtswandernd,  verschwelt  zu  werden.  Der  Schwelkoks 
tritt  am  unteren  Ende  aus,  also  an  derselben  Ofenseite,  wo  die 
Kohle  zugeführt  wird,  so  dass  der  gleiche  Förderantrieb  für  Kohlen- 
zufuhr und  Schwelkoksabtransport  benutzt  werden  kann.  Die 
flüchtigen  Schwelprodukte  werden  am  oberen  Trommelende 
abgesäugt.  In  Verbindung  mit  den  Vorteilen  der  Spülgasschwelung 
enthält  die  Aussentrommel  zur  bessern  Umwälzung  des  Schwel- 
gutes Wendeleisten,  die  sich  über  die  ganze  Trommellänge  erstrecken. 
Diese  Wendeleisten  sind  hohl  und  können  vom  oberen  Trommelende 
her  derart  mit  überhitztem  Dampf  beschickt  werden,  dass  jeweils 
nur    diejenigen    Wendeleisten    Dampf    erhalten,    die    mit    Kohle 
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Abb.  33.     Geneigter  Doppeldreh-Ofen  der  Kohlenscheidungs-Gesellschaft. 


Abb.  34.     Arbeitsvorgang  einer  K. S. G. -Schwelanlage: 


(a)     Kohlenbunker       unter       dem  {k) 

Bahngleis, 

(fc)     Hängebahn.  (/) 

(c)  Kohlenbunker    über    dem  {m) 

Schwelofen. 

(d)  Schwelofen    mit    Schweltrom-  (n) 

mel.  (o) 

(e)  Becherwerk  für  Schwelkoks.  {p) 
(/)  Schwelkoksbrecher.  \q) 
\g)  Schüttelrutschen.  (y) 
(A)  Wage  für  Schwelkoks.  (s) 
(t)      Schwelkoksbunker     unter  \i) 

Gaserzeugern.  («) 
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bedeckt  sind.  Die  Beheizung  der  Schweltrommel  verlangt  eine 
Herabsetzung  der  Verbrennungstemperatur  der  Heizgase  auf 
700-800°C,  um  die  Forderung  einer  Destillation  bei  tiefer  Temperatur 
zu  erfüllen.  Eine  blosse  Zumischung  von  überschüssiger  Luft  zur 
Herabsetzung  der  Temperatur  würde  die  Menge  der  Abgase  und 
damit  den  Verlust  durch  deren  fühlbare  Wärme  erhöhen.  Hier 
wird  dieser  Nachteil  durch  eine  Umlauf heizung  vermieden.  Diese 
Umlauffeuerung,  durch  die  die  Temperatur  der  Heizgase  mittels 
kühlerer  Rauchgase  eingestellt  werden  kann,  ermöglicht  es,  ausser 


Abb.    35.     Stückiger   Schwelkoks   aus    Kohlenstaub   nach   dem    K. S.G.- 
Verfahren. 


einer  Regelung  der  für  die  günstigste  Wärmeübertragung  angemes- 
senen Gasgeschwindigkeiten  die  Heizgase  praktisch  sauerstoffrei 
zu  halten,  so  dass  eine  lange  Lebensdauer  des  Trommelmaterials 
gewährleistet  ist. 

Der  die  Trommel  verlassende  Schwelkoks  wird  in  besonderen 
Behältern,  getrennt  nach  Feinkoks  und  Stückkoks,  trocken  gekühlt. 
Somit  entfallen  alle  Schwierigkeiten,  die  mit  der  nassen  Ablöschung 
oft  verbunden  sind. 

Aus  Abb.  34  ist  die  Arbeitsweise  einer  solchen  Anlage  ersichtlich. 

Dieser  Doppel-Drehofen,  der  täglich  60-80  t  Steinkohle  durchsetzt, 
hat  sich  bestens  bewährt.    In  Karnap  wird  hauptsächlich  ein  aus 
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der  Kohlenaufbereitung  trocken  abgesaugter  Kohlenstaub  einer 
stark  backenden  und  blähenden  schwefelreichen  Gasflammkohle 
verschwelt.  Der  Gang  der  Schwelung  und  die  Güte  der  Erzeugnisse 
können  beeinflusst  werden  durch  Drehzahländerung  der  Trommel, 
durch  wechselnden  Dampfzusatz  und  durch  Zusatz  an  mageren 
Stoffen  (Koks- Abrieb).  Es  ist  gelungen,  aus  dem  schwierig  zu 
behandelnden  Staubmaterial  einen  harten,  stückigen  und  dichten 
schwefelarmen  Schwelkoks  zu  erzeugen  (Abb.  35),  der  guten  Absatz 
findet  als  rauchloser  Hausbrand  anstelle  von  Anthrazit,  Gaser- 
zeugerbrennstoff oder  für  sonstige  industrielle  Zwecke. 

Der  gewonnene  Schwelteer  ist  fast  staubfrei,  enthält  wenig  Wasser 
und  entspricht  im  übrigen  allen  Anforderungen  an  einen  guten 
Steinkohlenschwelteer. 

Das  von  Benzin  befreite  Schwelgas  hat  durchschnittlich  einen 
oberen  Heizwert  von  6  500  bis  7  500  kcal. 

Eine  Grossanlage  für  eine  Tagesleistung  von  650  t,  die  später 
auf  2  600  t  gesteigert  werden  soll,  ist  z.Zt.  in  der  Nähe  New  York's 
im  Bau.  Sie  ist  dazu  bestimmt,  billige,  schwer  verkäufliche  Klein- 
kohle in  marktgängigen  Koks  für  Haushaltzwecke  umzuwandeln 
und  neben  Schwelteer  ein  hochheizwertiges  Gas  zu  liefern,  das 
durch  Zusatz  von  Wassergas  auf  einen  gewünschten  niedrigen 
Heizwert  gebracht  werden  soll. 

Auch  in  London  und  Paris  werden  Anlagen  nach  der  K.S.G. -Bauart 
errichtet. 

Fast  alle  Drehöfen  herkömmlicher  Konstruktion  sind  dadurch 
gekennzeichnet,  dass  die  Kohle  dauernd  umgelagert  und  zwecks 
guten  Wärmeaustausches  ständig  mit  neuen  Teilen  der  Heizfläche 
in  Berührung  gebracht  wird.  Die  Beobachtung,  dass  die  Koksbildung 
teilweise  durch  die  Umwälzung  des  Schwelgutes  gestört  werden 
kann,  wodurch  der  erhaltene  Schwelteer  staubhaltig,  der  Schwelkoks 
zum  Teil  noch  feinkörnig  anfällt,  führte  zu  den  ununterbrochen 
betriebenen  Schwelverfahren,  bei  denen  das  Schwelgut  in  Ruhe 
verhleiht.  Die  zwar  auch  hier  als  zweckmässig  erkannte  Form  des 
drehenden  Apparates  erfüllt  jedoch  nur  die  Forderung  einer  konti- 
nuierlichen Betriebsweise,  einer  besonderen  Beschickungsart  unter 
mechanischem  Druck  und  eines  geeigneten  Koksaustrages. 

(3)  Schwelöfen   mit  ruhender   Beschickung 

Der  Schwelofen  von  Dobbelstein 
besteht    aus   einem   drehbaren,   wagerechten,    gasbeheizten    Ring- 
kammersystem,  dessen  einzelne  Ringzellen  nach  Art  eines  stark 
eingebuchteten    Wellrohres    am    äusseren    Umfange    abwechselnd 
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Abb.  36.     Schwelofen  von  Dobbelstem: 


(a) 

(b) 

{c) 

id) 

(e) 

(/) 

(g) 

W! 

(t)) 

(Ä) 
ii) 

(m) 
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Schwelkammem. 

Heizkammern. 

Kohlenbunker. 

Presstempel. 

Tragplatte. 

Austragfinger. 

Schleusenkammer. 

Schleusenklappen. 

Kammwalzen. 
Reichgas-Sammelraum. 
Reichgas- Abzugstutzen. 
Armgas-Sammelraum. 


(o) 
(P) 
.(?) 
{r) 
[s] 
(i) 
{u) 

(V) 

(w) 

(^) 
(>') 
(^) 


Armgas-Abzugstutzen. 
Brenner. 

Verbrennungsraum. 
Heizgas-Zuleitungskammer. 
Heizgas- Ableitungskammer. 

Verbrennungsschlitze. 

Verstärkungs-  und  Trennung 

rippen. 
Führungsstege. 
Heizgas-Sammelraum 
Heizgas- Abzugsrohr. 
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offen  oder  geschlossen  sind  (Abb.  36).  Das  Schwelgut  wird  von 
aussen  in  die  offenen,  ringförmigen  Zellräume  mechanisch  einge- 
presst,  während  die  Schwelwärme  von  innen  her  in  geeigneter, 
gleichmässiger,  zwangläufiger  Führung  der  Heiz-  und  Abgase 
übertragen  wird.  Das  Ringkammersystem  ist  von  einem  fest- 
stehenden Blechmantel  umgeben,  in  dessen  oberen  und  unteren 
Teil  sich  die  Schwelgase  sammeln.  Über  die  ganze  Länge  des  Ofens 
verteilte  Presskolben  für  jede  der  \'orhandenen,  kreisförmigen 
Schwelkammern  stampfen  mittels  hydraulischen  oder  mechanischen 
Antriebes  die  Kohle  auf  der  Eintragseite  in  die  Schwelräume  fest 
hinein.  Der  Stempeldruck  wird  auf  der  anderen  Seite  der  Ring- 
kammertrommel durch  Andruckwalzen  aufgenommen,  die  ausserdem 
die  Kohle  in  ihrer  Lage  halten  und  sie  beim  Hervorquellen  in  die 
Schwelräume  unter  Verdichtung  wieder  hineindrücken.  Gleich- 
zeitig bewirken  die  Presstempel  durch  entsprechende  Hebelübertra- 
gung die  Drehung  des  Ofens.  Die  Drehung  vollzieht  sich  ausseror- 
dentlich langsam,  da  die  Schwelung  innerhalb  ener  einmaligen 
Umdrehung,  n  6  bis  8  Stunden,  beendet  ist.  Der  stückige  Schwelkoks 
wird  unterhalb  des  Kohleneintrages  durch  eine  Anzahl  kammartig 
angeordneter  Austragfinger  aus  den  Schwelräumen  herausgeschält. 
Starr  verbunden  mit  dem  Kammersystem  sind  die  ringförmig 
angeordneten  Heizgaskammern,  die  abwechselnd  die  Heizgase  in 
die  von  innen  beheizten  Ringschwelräume  ein-  und  austreten  lassen. 
Das  ganze  Seh welwalzensy stem  läuft  auf  Trag-  und  Druckrollen,  die 
im  Schwelgasraum  liegen. 

Irgendwelche  Versuchsergebnisse  liegen  bisher  nicht  vor. 

Dem  Dobbeistein-Ofen  in  seiner  Arbeitsweise  ähnlich — kon- 
tinuierliche Verschwelung  bei  ruhender  Beschickung — ist  der 

C.T.G. -Rundzellen-Schwelofen   der  Chemisch-Technischen 
Gesellschaft  m.b.H.,  Duisburg. 

Der  stehende  Rundzellen-Ofen  besteht  aus  einem  ortsfesten, 
zentralen,  beheizbaren  Teil  und  aus  einem  sich  drehenden  umschlies- 
senden  Blechmantel  mit  Vorrichtungen  für  Kohlenzufuhr  und 
Koksaustrag  nebst  Antriebsmotor  für  alle  beweglichen  Teile.  Der 
ortsfeste,  tellerofenähnliche  Teil  umfasst  eine  behebige  Anzahl 
flacher,  doppelwandiger,  scheibenartiger  Hohlzellen,  die  senkrecht 
übereinander  angeordnet  sind  und  von  aussen  mit  Kohle  beschickt 
werden  können.  Die  Beheizung  erfolgt  von  innen;  in  der  Ofenmitte 
befindet  sich  die  Heizgaszuführung  und  die  Rauchgasabführung, 
wobei  eine  besondere  Anordnung  die  durchströmenden  Heizgase 
einen  möglichst  kurzen  Weg  zurücklegen  lässt.  Der  ortsfeste,  auf 
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Abb.  37.  C.T.G.  Rundzellen-Ofen  der  Chemisch-Technischen-Gesellschaft. 
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einem  Betonunterbau  ruhende  Mittelteil  ist  von  einem  sich  langsam 
drehenden  Blechmantel  umgeben,  der  unten  durch  Wasserverschluss 
gasdicht  abgeschlossen  ist.  Die  Umdrehungs-Geschwindigkeit — 
einmal  innerhalb  5  bis  6  Stunden — richtet  sich  nach  der 
Schichtenstärke  der  zu  verschwelenden  Rohstoffe.  Auf  der  inneren 
Mantelfläche  wird  eine  Anzahl  Stahlblechringe  durch  wagerechte 
Stege  gehalten,  die  die  Hohlzellen  des  feststehenden  Teiles  an  ihrem 
Aussenumfang  abschliessen,  jedoch  nicht  so  dicht,  dass  die  ent- 
wickelten Schweldämpfe  in  die  freibleibenden,  ringförmigen  Quer- 
schnitte des  Mantels  entweichen  und  nach  unten  abgeführt  werden 
können.  Dieser  Drehmantel  trägt  ausser  der  Beschickungsvorrich- 
tung für  Kohle  auch  die  in  jeder  Hohlzelle  liegenden  Koksausräumer 
und  den  Koksaustragsschacht.  Aus  einem  Kohlenbunker  über 
dem  Ofen  wird  die  Feinkohle  in  einen  am  Aussenmantel  befindüchen 
Schacht  gebracht,  aus  dem  sie  mittels  einzelner,  aber  gemeinsam 
angetriebener,  horizontaler  Beschickungsschnecken  in  die  Hohlzellen 
gedrückt  wird.  Hier  bleibt  die  Kohle  während  des  ganzen  Schwel- 
prozesses ruhig  liegen.  Nach  beendigter  Schwelung,  d.h.  nach  einer 
Umdrehung  des  Mantels,  wird  der  Kokskuchen  mittels  der  Koks- 
ausräumer nahe  dem  Kohleneintrag  in  grosse  Stücke  gebrochen, 
die  in  einem  Sammelschacht  nach  unten  fallen  und  dann  ausgetragen 
werden. 

In  betriebsmässiger  Ausführung  ist  die  zu  schwelende  Kohlen- 
schicht nur  etwa  10  cm  hoch,  sodass  die  beiderseitig  zugeführte 
Wärme  gut  und  gleichmässig  verteilt  übertragen  werden  kann  und 
einen  hohen  Wirkungsgrad  gewährleistet.  Zufolge  der  zweckmäs- 
sigen Abführung  der  gasförmigen  Schwelprodukte  wird  Krackung 
vermieden,  sodass  maximale  Ausbeuten  an  Teer  erzielt  werden. 
Der  Teer  entspricht  allen  Ouahtätsanforderungen  und  ist  bemerkens- 
wert frei  von  Kohle-  und  Koksstaub.  Der  Schwelkoks  aus  Staubkohle 
ist  gleichmässig  grobstückig  und  nicht  graphitisch,  ein  Zeichen 
für  die  schonende  Behandlung  der  abdestillierten  Kohlenwasser- 
stoffe. 

JLine  betriebstechnische  Versuchsanlage  von  1  t  täglichem  Kohle- 
durchsatz war  seit  1925  bei  den  Rheinischen  Stahlwerken,  Duisburg, 
in  Betrieb,  sie  befindet  sich  jetzt  auf  Zeche  Prosper  hei  Bottropp. 

Eine  Grossanlage  von  8  Öfen,  von  denen  jeder  einen  Durchsatz 
von  50  t  Steinkohle/Tag  hat,  ist  im  Bau.  Der  erste  50  t  C. T.G.- 
Ofen ist  bereits  seit  mehreren  Monaten  fertiggestellt  und  mit 
gutem  Erfolg  in  Betrieb. 

Die  Steinkohlen-Schwehndustrie  in  Deutschland  befindet  sich 
noch,  wie  auch  in  anderen  Ländern,  im  Entwicklungsstadium.    Die 
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wirtschaftlichen  Verhältnisse  sind  einer  freien  Entfaltung,  die 
finanzielle  Opfer  erfordert,  auch  heute  nicht  günstig.  Die  Umstel- 
lung Deutschlands  auf  allen  Wirtschaftsgebieten  zwingt  not- 
wendigerweise dazu,  den  Eigenverbrauch  an  hochwertigen,  aus- 
fuhrfähigen Kohlensorten  möglichst  zu  verringern  und  die  minder- 
wertigen Kohlensorten  nicht  nur  im  Sinne  einer  reinen  Brennstoff- 
wirtschaft, sondern  im  Sinne  der  Gesamtwirtschaft,  unter  Wert- 
steigerung zu  veredeln.  Dazu  bietet  die  Verschwelung  der  Steinkohle 
eine  Möglichkeit, 

Neben  der  Verschwelung  von  Braun-  und  Steinkohle  hat  die 
Verschwelung  von  anderen  bituminösen,  meist  sehr  aschereichen 
Stoffen  in  Deutschland  nur  eine  untergeordnete  Bedeutung,  mit 
Ausnahme  der  technisch  bedeutsamen  Schiefeykohlenschivelung  in 
Messel.  Es  sollen  daher  nur  die  wichtigsten  Verfahren  auf  diesem 
Gebiete  lediglich  zur  Ergänzung  eines  Überblickes  über  die  gesamte 
Schwelindustrie  in  Deutschland  gestreift  werden.  Im  Gegensatz 
zur  Kohle  verschwelung,  wo  die  Gewinnung  eines  hochwertigen 
Schwelrückstandes  wirtschaftlich  ausschlaggebend  ist,  steht  bei 
der  Verschwelung  anderer  bitumenhaltiger,  aschereicher  Stoffe,  wie 
Schieferkohle,  Ölschiefer,  Ölkreide,  die  Gewinnung  von  Ölen, 
Treibstoffen  und  gegebenenfalls  auch  von  Gas  im  Vordergrund  des 
Interesses. 

III— DIE     VERSCHWELUNG    ANDERER     BITUMEN- 
HALTIGER STOFFE  UND  ÄHNLICHE   VERFAHREN 

(1)   Die  Verschwelung  von  Schieferkohle  und  Ölschiefer 

hat  sich  als  Industrie  von  ihren  Anfängen  seit  den  30er  Jahren  des 
vorigen  Jahrhunderts  nur  in  bescheidenem  Masse  entwickelt.  Die 
in  den  50er  Jahren  entstandenen  Betriebe  in  Schwaben  und  am 
Teutobitrgerwalde  (Posidonienschiefer  aus  dem  Lias)  in  Rott  bei  Bonn 
(Siegburger  Blätterkohle  mit  20%  Teer),  Bentheim  (Asphaltit  aus 
den  Wealdenschichten)  gingen  nach  kurzer  Lebensdauer  wieder 
ein,  erdrückt  von  der  übermächtigen  Konkurrenz  des  amerikani- 
schen Petroleums.  Als  einziges  Grossunternehmen  aus  späterer 
Zeit  besteht  heute  nur  noch  die  bedeutendste  deutsche 

Schieferöl-Gewinnungs-Anlage    der   Grube    Messel   bei 

Darmstadt 

aus  dem  Jahre  1885.  Hier  wird  eine  blättrige  Schieferkohle  (Dysodil) 
aus  dem  oberen  Mittel-Eozän  verarbeitet,  die  einzigartig  in  Deutsch- 
land nur  in  dieser  Gegend  vorkommt.  Die  Förderung  im  Tagebau 
beträgt  800  bis  1  000  t/Tag,  von  denen  etwa  70%  verschwelt,  etwa 
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30%  nach  Vortrocknung  verfeuert  werden.  Eine  Durchschnitts- 
Analyse  ergibt:  40-42%  Grubenfeuchtigkeit,  ^-1%  Zersetzungs- 
wasser, 6-7%  Rohöl,  7-8%  Gas,  30-32%  Asche,  7-8%  fixer  Kohlen- 
stoff im  anorganischen  Schwelrückstand.  Vor  seiner  Verschwelung 
wird  der  Rohschiefer  aufbereitet,  während  das  Feinmaterial  auf 
Halde  gestürzt  oder  verfeuert  wird.  Für  die  Schwelung  sind  24  Öfen 
vorhanden,  von  denen  jeder  tägHch  22-25  t  Rohschiefer  durchsetzt. 
Bei  der  Eigenart  des  Materials  und  seiner  schwierigen  Behandlung 
sind  diese  seit  langer  Zeit  behaupteten  Durchsätze  ausserordentlich 
bemerkenswert.  Jahrzehnte  hindurch  war  der  Messeier  Ofen  der 
leistungsfähigste  Schwelapparat  in  Deutschland.  Es  ist  das  grosse 
^'erdienst  Adolf  Spiegel's,  den  kontinuierlich  betriebenen  Messeier 
Schwel-Wassergas-Ofen  in  dieser  Weise  durchkonstruiert,  ver- 
bessert und  technisch  erfolgreich  gemacht  zu  haben.  Mit  seinen 
3  Zonen  für  Trocknung,  Schwelung  und  Entgasung  erinnert  dieser 
Ofen  an  seine  A'orgänger  in  der  älteren,  schottischen  Schieferin- 
dustrie. Über  einen  Verteilungskegel  rutscht  der  Schiefer  in  24  kreis- 
förmig angeordnete,  senkrechte  Schwelschacht-Elemente,  zwischen 
denen  in  24  Heizkammern  die  Heizgase  nach  oben  geführt  werden. 
In  der  Trockenzone  wird  bei  120-140°C  entwässert,  während  in 
der  eigentlichen  Schwelzone  bei  SOO-GOO^'C  überhitzter  Dampf  aus 
der  Trockenzone  gleichzeitig  eingeleitet  wird.  Das  entölte,  aber 
noch  kohlenstoffhaltige  Material  wandert  in  den  Vergasungsraum, 
wo  es  in  stehenden  Schamotte-Retorten  auf  600-900°C  erhitzt  und 
mittels  des  aus  der  Trockenzone  abgesaugten  Dampfes  wasserver- 
gast wird.  Wassergas  imd  Schwelgas  werden  gemeinsam  abgesaugt, 
in  bekannten  Vorrichtungen  entteert  und  im  eigenen  Betrieb 
verbrannt.  Das  ausgeschwelte  Gut  wird  mittels  Kratzbandes, 
jedoch  diskontinuierlich,  ausgetragen  und  auf  Halde  verkippt  oder 
als  Mineralschwarz  verkauft.  Das  Rohöl  wird  an  Ort  und  Stelle 
nach  bekannten  Grundsätzen  in  Heizöl,  Gasöl,  Paraffin,  Betriebs- 
stoff und  Blasenkoks  aufgearbeitet.  Neben  1  800  t  Ammonsulfat 
beträgt  die  Jahresausbeute  etwa  15  000  t  Rohöl. 

Der  Messeier  Schwelofen  erfordert  eine  sehr  sorgfältige  Betriebs- 
überwachung, wobei  Temperaturen  und  Drücke  genau  eingehalten 
und  von  einem  zentral  gelegenen  Beobachtimgsstand  aus  eingestellt 
werden. 

Die  Unterbindung  der  Ölzufuhr  aus  dem  Auslande  während  des 
Krieges  liess  die  Schieferschwel-Industrie  in  Deutschland  für 
kurze  Zeit  wieder  aufleben. 

Den  norddeutschen  Posidonien-Schiefer  mit  4,5  bis  5,5%  Bitumen 
suchte  man  in  geeigneten  Schwelöfen  imd  Schwel-Generatoren 
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wirtschaftlich  zu  verwerten.  In  Veiten  bei  Berhn  wurden  stehende 
Retorten  sowie  Drehrost-Schwelgeneratoren,  in  Schandeiah  (Braun- 
schweig) Korbrost-Generatoren  erprobt,  ohne  dass  jedoch  die 
Schwelergebnisse  den  Erwartungen  entsprochen  hätten. 

In  Süddeittschlar,d  versuchte  man  den  dort  ungemein  verbreiteten 
Posidonien-Schiefer  mit  nur  2-4%  Bitumen,  stellenweise  vereinzelt 
mit  5-7%,  zu  verarbeiten.  Eine  frühere  Schiefer-Industrie  war 
bereits  in  den  70er  Jahren  wieder  erloschen.  Auch  hier  belebte 
der  gesteigerte  Bedarf  alte  Bestrebungen  zur  Schmieröl  und  Am- 
moniak-Gewinnung, während  der  Schwelrückstand  in  der  Zement- 
und  Bau-Industrie  Verwendung  finden  sollte.  Versuche  in  Eislingen 
mit  einer  schwach  geneigt  verlagerten  Drehretorte  kamen  durch 
einen  Brandschaden  zum  Stillstand. 

In  einer  horizontalen,  diskontinuierlich  betriebenen  Drehtrommel, 
System  Francke-Tern,  wurde  später  in  Bayern  Keuper-Schiefer 
und  bei  Bonn  Blätter-Kohle  mit  hohem  Bitumengehalt  verschwelt, 
wobei  als  untere  Wirtschaftlichkeitsgrenze  5%  Bitumengehalt  galt, 
der  bitumenärmere  Posidonien-Schiefer  demnach  nicht  in  Betracht 
kam. 

Nach  einem  Vorschlag  von  Siemens-C arihaus  wird  durch  ein  über 
Walzen  laufendes  eisernes  Schleppband  zerkleinertes  Schiefer - 
material  in  30  mm  hoher  Schicht  über  eine  geheizte  Eisenplatte 
derart  geführt,  dass  sich  das  Schwelgut  zwischen  Schleppband  und 
Heizplatte  befindet.  Die  Leistung  wird  mit  18  t/Tag  angegeben, 
die  Schwelzeit  mit  30  Minuten.  Ob  sich  die  erhofften  Durchsätze 
erzielen  lassen,  deren  Höhe  einzig  und  allein  für  die  Wirtschaft- 
lichkeit eines  jeden  Schieferschwel-Verfahrens  massgeblich  ist, 
bleibt  abzuwarten. 

Die  Jura-Ölschiefer-Werke  zu  Holzheim  bei  Göppingen  verwenden 
neuerdings  eine  Thyssen-Drehtrommel,  von  deren  Verwendung  bei 
grossen  Leistungen  sich  de  Grahl  eine  praktisch  brauchbare  Lösung 
des  Problems  der  Schieferteer-Gewinnung  verspricht. 

(2)  Spülgasschwelung  von  ölkreide 

Im  Jahre  1920  wurde  von  den  Holsteinischen  Erdölwerken  G.m.b.H. 
im  Auftrage  der  Deutschen  Petroleum  A.-G.,  Berhn,  das  ölkreide- 
Vorkommen  zu  Hemmingstedt  bei  Heide  in  Holstein  erschlossen. 
Da  im  aussenbeheizten  Drehofen  die  gewinnbaren  Kohlenwasser- 
stoffe zu  stark  zerkrackt  wurden,  ging  Hassel  1923  zu  der  schonenden 
Behandlung  einer  Spülgasschwelung  in  Schachtöfen  über.  Das 
Rohmaterial  besteht  aus  18%  Öl,  3%  Wasser  und  79%  Rückstand 
und  besitzt   neben   geringer   Härte   bedeutende   Klebrigkeit   und 
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Abb.  38.     Wielandt-Ofen  für  Torf- Verschwelung. 


Abb.  39.     Schwelofen  für  Holz  und  Torf  von  J.  Pintsch 
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Plastizität,  sodass  im  technischen  Spülgasbetrieb  mittels  temperier- 
barer Rauchgase  durch  Zusammenbacken  und  Ankleben,  besonders 
in  der  Trockenzone,  erhebliche  Schwierigkeiten  entstanden.  Beim 
Hinabsinken  des  getrockneten  Gutes  in  wärmere  Zonen  kommt 
jedoch  das  grosse  Poren-Volumen  einem  erleichterten  Gasdurch- 
gang zugute.  Nach  Hassel  sind  die  Vorarbeiten  für  eine  wirtschaft- 
liche Verschwelung  und  die  Vorbereitung  für  einen  Durchsatz  von 
500  bis  1  000  t/Tag  ölkreide  abgeschlossen,  doch  ist  das  Werk 
zufolge  Schlagwetterschadens  vorübergehend  stillgelegt. 

(3)  Die  Verschwelung  von  Holz  und  Torf 

in  Meilern  stellt  die  älteste  Form  eines  Veredlungsprozesses  bitumen- 
haltiger  Stoffe  dar.  Zur  Gewinnung  wertvoller  Nebenprodukte,  wie 
Holzteer,  Essigsäure,  Methylalkohol,  Azeton,  verwandte  man 
später  Kanal-Öfen,  sowie  Schachtöfen  für  Spülgasschwelung,  wie 
sie  z.B.  /.  Pintsch,  Beriin,  heute  ausführt  (Abb.  39). 

Frisch  gestochener  Torf  enthält  bis  90%  Wasser;  dieser  hohe 
Wasserballast  verträgt  keinerlei  Fracht  und  schreibt — ähnlich  wie 
bei  der  Braunkohle — eine  wirtschaftliche  Verarbeitung  unmittelbar 
am  Gewinnungsorte  vor,  wobei  man  sich  technisch  die  natürliche 
Trocknung  an  der  Luft  bis  auf  50%  Wasser  zu  Nutze  macht.  Auf 
der  Anlage  der  Torf-Koks-G.m.b.ti .  in  Elisabethfehn  bei  Oldenburg, 
ist  seit  1902  der  Wielandt-Ofen  (Abb.  38),  in  Betrieb,  eine  stehende 
Retorte  mit  Aussenbeheizung  auf  550  bis  600°C  im  Ofen-Innern 
durch  Eigengas,  deren  obere  Trockenzone  aus  Gusseisen,  deren 
untere  Schwelzone  aus  Schamotte  besteht.  Einen  anderen  Ofentyp 
stellt  der  Spülgasofen  von  Steinert  dar,  mit  dem  je  nach  dem  Was- 
sergehalt des  vorgetrockneten  Materials  300  kg/qm  Schachtfläche, 
also  erhebliche  Durchsätze  erreicht  worden  sein  sollen.  Ein  Schacht- 
ofen von  /.  Pintsch  A.-G.,  Berlin  (Abb.  39),  der  lufttrockene 
Torfziegel  verschwelt,  arbeitet  nach  ähnlichen  Grundsätzen,  ebenso 
ein  Tief temperatur- Verkokungsofen  der  Allgemeinen  Vergasungs- 
Gesellschaft,  Berlin. 

Vollständig  entgaster  Torfkoks  von  7  300-7  600  kcal — Gesamter- 
zeugung in  Deutschland  etwa  7  000  t/Jahr — ist  bemerkenswert 
hart  und  klingend  und  wegen  seiner  Asche-  und  Schwefelarmut  für 
metallurgische  Zwecke  besonders  geeignet.  Bei  schonender  Wärme- 
behandlung des  Spülgases  dagegen  entsteht  ein  weicheres,  mit 
langer  Flamme  brennendes,  kohlensäurearmes  Inkohlungsprodukt, 
das  dem  Karhurit  ähnlich  ist. 
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Schnitt  C-0 


Sehn  in  A  S 


Abb.  40a.     Karburit-Anlage  von  Delkeskamp. 
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Scbnttt  [-f 


Abb.  40b.     Karburit-Anlage  von  Delkeskamp: 
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{a)     Trockner.  (w) 

{h)     Heizkanäle  für  Trockner.  (o) 

(c)      Verschliessbare    BeschicköfE- 

nung  der  Trockner. 
{d)    Abzugsschlot  des  Trichters.  {p) 

{e)      Trichter.  (?) 

(/)      Dachförmig  gebogene  Bleche. 
{o)      Karburitofen.  [r] 

\h)     Heizkanäle  der  Öfen.  (s) 

[i)      Beschickvorrichtung  der  Öfen  {t) 

{j)      Zweischieberschleuse.  (m) 

{k)     Halbgasfeuerung.  [v] 

{l)      Öffnungen     mit     verstellbaren  [w) 

Schiebern.  [x) 

(m)    Gebläse     zum     Absaugen     der 

die    Mittelzone    beheizenden 

Gase. 


Verbindungskanal. 

Gebläse  zum  Absaugen  der  die 
obere  Zone  beheizenden 
Gase. 

Verbindungsschacht. 

Gleis  für  Anfahrt  des  gesieb- 
ten   stückigen    Brennstoffes. 

Stabsieb. 

Trichter. 

Rohranschlüsse  zum  Absaugen 
der  Gase  aus  dem  Ofen. 

Wassermantel. 

Kühhvasser-Querzüge. 

Wasserdampfleitung. 


(4)  Das  K.a.rburit-Verf.\hren  von  Delkesk.\mp,  Neubabelsberg 
bei  Berlin,  ist  nicht  ein  eigentliches  Schwel  verfahren,  sondern  es 
bezweckt  eine  Heizwerterhöhung  von  Holz,  Torf,  Lignit,  Braunkohle 
durch  die  Entfernung  des  Wassers  sowie  der  heizwertmindernden, 
gasförmigen  Ballaststoffe  wie  Kohlensäure,  Sauerstoff  und  Stickstoff, 
wobei  zunächst  jedoch  in  der  Hauptsache  nur  stückiges  Material  in 
Frage  kommt.  Die  Technik  der  Heizwertsteigerung  bedingt  eine 
Wärmebehandlung  bei  niedriger  Temperatur  bis  etwa  250 'C,  deren 
Endprodukte,  ein  gasreicher  Schwelkoks,  von  der  Bertzit-Gesellschaft 
und  ihrer  Nachfolgerin,  der  Carhozit-Gesellschaft,  mit  den  Handels- 
namen Bertzit  oder  Carbozit  belegt  werden. 

Delkeskamp  sieht  in  dem  ähnlichen  von  ihm  weiterentwickelten 
Karhitrit-V erfahren  die  Möghchkeit  einer  gewissen  Teergewinnung 
vor,  sodass  sein  Verfahren  ein  Mittelding  zwischen  Bertinierung  und 
Schwelung  darstellt  (Abb.  40a/b).  In  einer  ersten  Stufe  des 
Prozesses  wird  so  vorsichtig  bei  105°C  getrocknet,  dass  die  Stückform 
erhalten  bleibt.  In  einer  zweiten  Stufe  wird  durch  mittelbare 
Wärmeübertragung  das  Trockengut  bei  höherer  Temperatur  in 
eisernen  Schachtöfen  leicht  angeschwelt.  Als  Rückstand  verbleibt 
ein  gasreicher,  praktisch  russ-  und  rauchfreier  Brennstoff.  Wird 
die  lebhafte,  exotherme,  zwischen  270°  und  300°  beginnende  und 
sich  spontan  auf  330°  bis  350°C  steigernde  Zersetzungstemperatur 
künsthch  weiter  unterhalten,  so  setzt  eine  Teerbildung  ein,  die 
durch  leichte  Graphitierung  den  Schwelrückstand  oberflächlich 
verkittet.  Der  so  entstandene  Karhurit-Koks  enthält  neben  2-5% 
Wasser  15-20%  flüchtige  Bestandteile  und  besitzt  einen  Durch- 
schnittsheizwert von  6  bis  7  000  kcal.  In  steinkohlenarmen  Ländern, 
z.B.  Rumänien,  Italien,  Canada,  bieten  sich  wirtschaftUch  aus- 
sichtsreiche Mögüchkeiten  für  dieses  Inkohlungs verfahren.  Fein- 
körniges Rohmaterial  kann  neuerdings  nach  den  Grundsätzen  der 
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von  Delkeskamp  ohne  fremdes  Bindemittel  und  bei  massigem 
Druck  ausgestatteten  Kolloid-Brikettierung  ebenfalls  karburitisiert 
werden.  Hierbei  werden  adsorptive  Kräfte  dispersoid-schleimiger 
Systeme  nutzbar  gemacht,  die  durch  Nass Vermahlung  eines  Rohstoff- 
anteiles mit  Wasser  als  arteigenes  Klebemittel  hergestellt  werden. 

SCHLUSS 

In  den  vorstehenden  Darlegungen  ist  ein  Überblick  über  die 
Entwicklung  und  den  heutigen  Stand  der  Schweltechnik  in  Deutsch- 
land gegeben  worden.  Es  dürfte  interessant  sein,  einige  noch 
vorliegende  zu  lösende  Aufgaben  kurz  zu  umreissen: 

Da  die  abgebaute  Braunkohle  in  einigen  Revieren  immer  teerärmer 
wird,  zielen  die  Bestrebungen  dahin — dies  gilt  auch  für  die  Stein- 
kohle—  nur  solche  Schweleinheiten  mit  grösstmöglichen  Durch- 
sätzen unter  bester  Wärmewirtschaftlichkeit  zu  e  üwickehi,  die  betriebs- 
sicher sind,  billig  arbeiten  und  niedrige  Anlagekoste  i  neben  geringer 
Bedienung  erfordern.  Jedes  Rohmaterial  verlangt  eine  besondere 
individuelle  Behandlung,  die  nur  durch  praktischen  Versuch  ermittelt 
werden  kann.  Der  Momenian-Verschwelung  von  Kohlenstaub,  der 
die  Apparatur  unabhängig  von  der  physikalischen  Beschaffenheit 
der  Kohle  und  ihrer  Körnung  macht,  wird  man  unter  Verwendung 
heisskalter  Reaktionsräume  erhöhtes  Interesse  entgegenbringen. 

Bei  der  ölarmut  Deutschlands  werden  die  grossen,  anfallenden 
r^^rmengen  schlanken  Absatz  finden.  Bei  ihrer  Aufarbeitung  wird 
man  mehr  und  mehr  physikalische  und  kolloidchemische  Methoden 
bevorzugen,  die  die  heutigen  Destillations-  und  Ralfinations- 
Verluste  auf  ein  Minimum  beschränken.  Selektives  Auslösen 
bestimmter  Teeranteile,  wie  es  z.B.  heute  bereits  im  Spritwaschver- 
fahren geschieht,  durch  das  sauerstofflialtige  Körper  aus  Braunkoh- 
lenteer entfernt  werden,  fraktionierte  Fällungen^Trennung  durch 
Bildung  labiler  Additionsverbindungen — und  ähnliche  Methoden  wer- 
den die  zukünftige  Aufarbeitung  der  Teere  kennzeichnen.  Grosse, 
nicht  absatzfähige  Parafhnmengen  wird  man  zu  Fettsäuren  und  ähn- 
lichen Körpern  oxydieren.  Der  Druckspaltung  derjenigen  Braun- 
kohlen-Teeröle, die  im  Marktwert  niedriger  als  Benzin  sind,  und  ihre 
Überführung  in  brauchbare  Motorbetriebsstoffe  wird  man  neben 
der  Druckhydrierung  erhöhte  Aufmerksamkeit  schenken  müssen. 

Das  hochheizwertige  Schwelgas,  dessen  Fernleittmg  wirtschaftlich 
erscheint,  wird  in  Zukunft  für  die  in  Deutschland  wichtige  Frage 
der  Ferngasversorgung  eine  Rolle  spielen,  wobei  die  Gewinnung 
des  Schwefels  aus  dem  Schwefelwasserstoff-Anteil  des  Rohgases 
dessen  Reinigungskosten  tragen  helfen  muss. 
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Die  Verwertung  des  Schwelwassers  und  die  Gewinnung  der  in  ihm 
gelösten  Stoffe,  wie  z.B.  der  Kresole,  sowie  seine  Reinigung  zwecks 
völlig  unschädlicher  Abführung  in  öffentHche  Wasserläufe  ist  ein 
noch  ungelöstes  Problem,  das  augenbhcklich  bearbeitet  wird. 

Wegen  seiner  pyrophoren  Eigenschaften  wurde  Braunkohlen- 
schwelkoks bisher  fast  allgemein  in  Wasser  ersäuft,  sodass  der  Koks 
mit  etwa  20%  Wassergehalt  auf  den  Markt  kam;  der  unter  Auf- 
wendung von  Kosten  gewonnene,  verdichtete  Brennstoff  wurde 
somit  zuguterletzt  durch  diesen  WasserbaUast  wieder  verschlechtert. 
Wasserfreiheit  und  hoher  Gehalt  an  flüchtigen  Bestandteilen  sollen 
aber  einen  veredelten  Brennstoff  kennzeichnen.  Der  Trocken- 
löschiing  von  Braimkohlenschwelkoks,  die  für  eine  nachfolgende 
Veredlung  unbedingte  Voraussetzung  ist,  stand  bisher  die  grosse 
Selbstentzündlichkeit  entgegen.  Für  die  Zukunftsentwicklung  der 
Braunkohlenschwel-Industrie  handelt  es  sich  hierbei  um  ein  aus- 
serordentlich wichtiges  Problem,  da  sich  der  feinkörnige  Schwelkoks 
mit  seiner  kapillaren  Struktur  und  den  Eigenschaften  einer  aktiven 
Kohle  nicht  mit  inerten  Gasen  ersticken  lässt,  wie  der  aus  Steinkohle 
erhaltene  Koks.  Rosin  hat  im  Auftrag  einer  zu  diesem  Zweck 
gegründeten  StudiengeseUschaft  Wesen  und  Verlauf  der  Selbstent- 
zündlichkeit erforscht  und  verschiedene  Verfahren  zu  ihrer  Behebung 
vorgeschlagen.  Die  Selbstentzündlichkeit  wird  eingeleitet  durch 
eine  Selbsterwärmung.  Diese  wird  bewirkt  durch  Gasadsorption, 
Feuchtigkeitsaufnahme  und  Autoxydation.  Frischer  Schwelkoks 
hat  alle  Eigenschaften  einer  aktiven  Kohle.  Er  vermag  beträchtliche 
Gasmengen  zu  adsorbieren  und  erwärmt  sich  auch  bei  der  Adsorption 
inerter  Gase  bis  auf  70-80°C.  Bei  dieser  Temperatur  beginnt  aber 
die  lebhafte  Autoxydation,  die  in  kurzer  Zeit  zur  Selbstentzündung 
führt.  Auch  die  reine  Feuchtigkeitsaufnahme  ist  von  einer  Tem- 
peratursteigerung bis  zu  dieser  Höhe  begleitet.  Darüber  hinaus 
werden  auch  Adsorption  und  Autoxydation  durch  die  Gegenwart 
von  Feuchtigkeit  begünstigt.  Gegenüber  diesen  Kräften  tritt  der 
bisher  oft  verantwortlich  gemachte  Einfluss  des  Schwefels  voll- 
kommen zurück.  Dagegen  spielen  die  anorganischen  Aschebestand- 
teile, insbesondere  die  Alkalien,  offensichtlich  eine  kataly tische 
Rolle.  Entfernt  man  nämHch  die  salzsäurelösliche  Asche  aus  der 
Kohle  vor  der  Schwelung,  so  ist  der  erhaltene  Koks  nicht  mehr 
selbstentzündüch.  Umgekehrt  kann  man  durch  Zusätze  wie  bei- 
spielsweise von  Kaliumcarbonat  einen  fast  explosiblen  Koks 
herstellen. 

Als  erstes  Verfahren  gibt  Rosin  die  künstliche  Alterung  an,  die 
von  dem  Gedanken  ausgeht,  die  natürliche  langsame  Adsorption, 
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Autoxydation  und  Feuchtigkeitsaufnahme  des  Kokses  gewaltsam 
im  ter  gleichzeitiger  Kühlung  vorzunehmen.  Der  heisse  Koks  wird 
zu  diesem  Zweck  zunächst  in  Röhrenkühlern,  ähnlich  den  Dampf- 
trocknern, mit  Dampf  und  Luft  unter  äusserer  Wasserkühlung  auf 
etwa  80°C  herabgekühlt  und  dann  in  einem  zweiten  Apparat  mit 
Luft  allein  bis  auf  Umgebungstemperatur  nachoxydiert,  wodurch 
eine  vollständige  adsorptive,  autoxydative  und  hygroskopische 
Sättigung  stattfindet.  Eine  Anlage  dieser  Art  ist  bereits  auf  dem 
Schwelwerk  Gölzau  gebaut. 

Das  zweite  Verfahren  beruht  auf  der  Feststellung,  dass  Kohlen- 
säure, die  von  Schwelkoks  adsorbiert  wurde,  von  Luft  verdrängt 
wird.  Da  diese  Verdrängung  als  umgekehrte  Adsorption  ein  endo- 
thermer Vorgang  ist,  wird  die  gleichzeitige  Luft- Adsorptions-  und 
Oxydationswärme  verbraucht,  so  dass  eine  Temperatursteigerung 
vermieden  wird.  Bei  diesem  Verfahren  wird  der  Koks  im  ersten 
Kühler  mit  Kohlensäure  oder  Rauchgasen  unter  gleichzeitiger 
Dampfzugabe  behandelt,  im  zweiten  findet  bei  Lufttemperatur 
der  Austausch  von  Kohlensäure  gegen  Luft  und  die  autoxydative 
Absättigung  statt. 

Das  dritte  Verfahren  besteht  in  einer  Zugabe  geringer  Mengen 
von  Ammonium-Chlorid  zur  Kohle  vor  der  Schwelung.  Bei  der 
Schwelung  findet  eine  Zersetzung  statt,  wobei  die  Salzsäure  unter 
Chloridbildung  die  in  der  Kohle  primär  wahrscheinlich  an  Humin- 
säure  gebundenen  Alkalien  und  Erdalkalien  bindet  und  hierdurch 
ihren  kataly tischen  Einfluss  zerstört.  Die  Kühlung  solchen  Kokses 
kann  ebenfalls  wieder  in  rotierenden  Röhrenkühlern  unter  geringer 
Wasserdampf  zugäbe  geschehen. 

Der  Verwendung  trocken  gelöschten  Schwelkokses  zu  irgendwelchen 
industriellen  oder  Hausbrandzwecken  stehen  hiermit  keine  Hinder- 
nisse mehr  im  Wege,  sei  es  als  Koks-Brikett,  sei  es  als  Brennstaub, 
sei  es  ohne  jedwede  vorherige  Formgebung.  Das  grosse  Hemmnis 
in  der  Entwicklung  der  Braunkohlenschwelerei,  die  jahrzehntelange 
Sorge  um  die  Unterbringung  des  erzeugten  Feinkokses,  scheint 
beseitigt,  sodass  hierin  der  Grossentwicklung  zukünftiger  Schwelan- 
lagen keinerlei  Schranken  mehr  auferlegt  werden.  Braunkohle- 
und  Feinkohle-Schwelkoks  wird  als  Ersatz  für  teueren  Steinkohlen- 
stückkoks  bei  der  Erzeugung  von  Wassergas  zukünftig  eine  wich- 
tige Rolle  spielen. 

Neben  der  Fülle  von  zahlreichen,  meist  aber  unzuverlässigen 
Nachrichten  über  die  Verflüssigung  der  Kohle  durch  Hydrierung 
oder  über  die  ölsynthese  aus  Kohlenoxyd  und  Wasserstoff  haben 
die  Fortschritte  der  deutschen  Schweltechnik  nicht  viel  von  sich 

1085 


LOIV-TEMPERATURE  CARBONISATION 

reden  gemacht.  Jede  Hydrierungs-  oder  Sjmthetisierungstechnik 
wird  jedoch  stets  von  getrockneten  Rohmaterialien  ihren  Ausgang 
nehmen.  Mit  einem  Trockenprozess  lässt  sich  aber  mit  Leichtigkeit 
ein  Schwelprozess  verkuppeln,  der  den  natürhch  vorhandenen, 
wertvollen  und  technisch  verwendbaren  Bitumengehalt  des  Roh- 
stoffes zu  gewinnen  gestattet.  Zur  Verschwelung  sind,  wie  gezeigt 
worden  ist,  einfache,  leistungsfähige  und  bilHge  Apparate  verwendbar, 
deren  Anschaffungspreis  in  keinem  Verhältnis  zu  den  kostspieligen 
Hochdruck-Spezialapparaten  der  Hydrierungstechnik  stehen.  Die 
Verschwelung  von  Rohstoffen  in  engster  Verbindung  mit  ihrer 
Vergasung  wird  die  zukünftige  Grosstechnik  kennzeichnen.  Der 
Schwelrückstand,  Braunkohlen-Schwelkoks  und  Feinkoks  aus 
nicht  backender  Steinkohle,  wird  als  solcher  im  Staubkoks-Gaser- 
zeuger für  die  Herstellung  von  Industriegas,  von  Wassergas  bezw. 
von  billigstem  Wasserstoff  ausschlaggebende  Bedeutung  haben, 
sowohl  für  die  Synthese  von  Ammoniak  und  Kohlenwasserstoffen 
als  auch  für  die  Hydrierung  gasförmiger,  flüssiger  oder  fester 
Produkte,  wobei  in  Zukunft  mit  dem  gewonnenen  Schwel  teer  als 
dem  grundlegenden  flüssigen  Ausgangsmaterial  zu  rechnen  sein 
wird. 
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RÉSUMÉ 

Low-temperature  carbonisation  comprises  all  those  processes  of  dry  distil- 
lation by  which  bituminous  materials  are  subjected  to  such  a  temperature 
that  a  decomposition  of  the  hydrocarbons  formed  is,  as  far  as  possible, 
prevented.  The  different  products  yielded  in  the  process  of  low-temperature 
carbonisation  are  named  according  to  their  specific  nature.  Only  special 
fuels  lend  themselves  to  an  economic  treatment  by  low-temperature  carbonisa- 
tion, particularly  brown  coal,  lignites,  non-coking  or  slightly  coking  coals, 
bituminous  shales,  oil  chalk,  peat,  wood,  etc. 

I — Low-Temperature  Carbonisation  of  Brown  Coal 
For  the  treatment  of  bituminous  brown  coal,  low-temperature  carbonisation 
is  an  old-established  process,  which  has  been  practised  on  a  large  scale  in 
Central  Germany  for  nearly  eighty  years.  In  the  first  place  the  distillation 
in  externally  heated  retorts  is  described,  commencing  with  the  Rolle  oven, 
which  still  comes  first  in  the  number  of  ovens  in  operation.  Other  types, 
assuring  a  larger  throughput  and  better  yields,  have  been  developed  by 
Streppel,  Sauerbrey,  Honigmann-Bartling,  Geissen  and  O.  Heller,  and  these 
are  briefly  explained  with  the  aid  of  sketches  or  drawings. 

Secondly,  the  internally  heated  ovens,  using  heated  gases  for  the  trans- 
mission of  the  heat  to  the  fuel,  are  described,  commencing  with  by-product 
gas  producers.  Those  by  Limberg,  Lurgi,  Drawe  and  Pintsch,  have  been 
principally  designed  to  deal  with  raw  brown  coal,  while  those  developed  by  the 
Allgemeine  Vergasungs-Gesellschaft,  Seidenschnur-Pape,  Deutsche  Erdoel 
A.G.  and  Humboldt,  treat  the  brown  coal  either  in  the  shape  of  ovoids  or  by 
using  briquettes  made  from  dried  brown  coal.  As  an  interesting  side-line  to 
these  processes  are  mentioned  chain  grate  stokers  for  boilers,  where  the  fuel 
before  reaching  the  grate  is  distilled  by  means  of  ascending  gases  to  recover 
the  tar.  Only  coal  in  the  shape  of  lumps  or  briquetted  fuel  can  be  used  in 
these  processes. 

II — Low-Temperature  Carbonisation  of  True  Coal 
The  economic  conditions  for  the  development  of  low-temperature  carbonisa- 
tion of  true  coal,  are  in  Germany  quite  different  from  most  other  countries. 
Apart  from  scientific  research  in  this  direction,  dating  back  many  years,  the 
first  impetus  to  the  development  of  this  industry  was  given  by  the  oil  shortage 
during  and  after  the  war.    Under  these  exceptional  circumstances  the  quality 
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of  the  semi-coke  produced  was  neglected,  and  after  the  resumption  of  normal 
market  conditions  only  those  processes  survived  which  produced  a  saleable 
coke,  thus  assuring  a  sound  economy  of  the  plants.  Mainly  the  rotary  mild 
steel  retort  was  developed  of  which  the  types  introduced  on  a  commercial 
basis  are  described.  The  rotary  retort  developed  by  the  Kohlen-Scheidungs- 
Gesellschaft  (KSG)  is  the  only  one  still  in  operation,  and  the  details  of  it  are 
consequently  more  fully  considered.  The  revolving  ovens  by  Dobbelstein 
and  those  by  the  Chemisch-Technische  Gesellschaft  (CTG),  distil  the  coal  in 
annular  cells  under  pressure  so  that  a  lumpy  coke  of  dense  and  even  structure 
is  formed. 

Ill — Low-Temperature  Carbonisation    of  other  Materials  and 
SIMILAR  Processes 

Oil  shale  is  also  treated  in  Germany  by  low-temperature  carbonisation  in  a 
few  places,  the  most  important  and  richest  deposit  being  situated  at  Messel, 
near  Darmstadt,  where  twenty-four  large  ovens  are  in  operation.  Of  minor 
importance  are  oil  chalk,  peat  and  wood 

The  Delkeskamp  process  has  been  developed  in  the  first  place  for  the  purpose 
of  enriching  the  calorific  value  of  low-grade  fuels  such  as  brown  coal,  lign:te, 
peat,  etc.,  by  reducing  the  contents  of  water  and  carbon  dioxide  and  increasing 
at  the  same  time  the  contents  of  fixed  carbon  in  proportion. 

Conclusion 
The  probable  course  of  developments  in  this  branch  of  the  fuel  industry  is, 
in  conclusion,  taken  into  consideration,  and  the  cooling  of  lignite  coke  is 
treated  briefly  according  to  the  latest  research.  The  recovery  of  products 
from  waste  liquor  as  well  as  the  distillation  of  the  tar,  are  just  touched  upon, 
and  in  concluding  the  paper  the  important  statement  is  made  that,  in  spite 
of  the  turn  which  the  development  of  the  fuel  industry  seemed  to  take  witli 
the  introduction  of  hydrogénation,  low-temperature  carbonisation  is,  and  will 
be,  more  alive  than  ever. 
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LOW-TEMPERATURE    CARBONISATION 

F.     S.     TOWNEND 

1  The  three  contributions  which  form  Section  0  are  the  subject  of 
this  General  Report.    They  are: — 

{a)  "The  PossibiHties  of  Co-ordination  between  Coal  Processing 
and  the  Production  of  Electricity  (German}')  by  Dr.-Ing. 
P.  Rosin  (01). 

{b)  "Low-Temperature  Carbonisation"  (Great  Britain),  by  Dr. 
C.  H.  Lander  and  Dr.  F.  S.  Sinnatt  (02),  and 

(c)  "The  Present  State  of  Low-Temperature  Carbonisation  in 
Germany"  (Germany),  b}'  Dr.  R.  Heinze  (03). 

2  For  the  purpose  of  this  present  General  Report  the  three  papers 
may  be  considered  under  three  headings: — 

(i.)  Present     position     of    low- temperature     carbonisation     in 
Germany  and  Great  Britain. 

(ii.)  Special  factors  relating  to  British  conditions. 

(iii.)  Co-ordination  with  other  industries. 

Present  Position  of  Low-Temperature  Carbonisation  in  Germany 
and  Great  Britain 

3  According  to  Dr.  Heinze  in  his  paper  03,  low-temperature  car- 
bonisation of  bro%vn  coal  has  been  practised  in  Central  German}^  for 
nearly  eighty  3ears.  The  ovens  ma}'  be  of  the  externally  heated  or 
internally  heated  types.  In  the  latter  class  heated  gases  are  used  to 
convey  the  heat  into  the  charge.  In  certaifi  cases  the  ovens  are  fed 
with  raw  brown  coal,  but  in  other  tj^pes  the  bro\Mi  coal  is  treated  in 
the  form  of  ovoids  or  briquettes  made  from  dried  brown  coal. 

4  For  the  low-temperature  treatment  of  true  coals,  of  the  man}'  forms 
of  apparatus  introduced  by  reason  of  the  oil  shortage  during  and 
after  the  War,   only   those  have  survived  which   are   capable   of 
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providing  a  saleable  coke.  There  appears  to  be  only  one  type  of 
rotary  retort  still  in  operation.  In  later  years,  forms  of  revolving 
ovens  have  been  designed  in  which  the  coal  is  carbonised  in  annular 
cells  under  pressure  so  that  a  large  coke  of  dense,  even  structure  is 
produced. 

Oil  shale  is  also  being  treated  by  low-temperature  processes, 
particularly  at  Messel,  near  Darmstadt.  Mention  may  also  be  made 
of  the  Delkeskamp  process  for  increasing  the  calorific  value  and  fixed 
carbon  content  of  low  grade  fuels,  such  as  brown  coal,  lignite,  peat, 
etc.,  by  reduction  of  the  contents  of  carbon  dioxide  and  water.  It  is 
claimed  that  in  spite  of  the  introduction  of  the  hydrogénation  of  coal, 
low-temperature  carbonisation  will  be  more  aHve  than  ever. 

In  England,  with  the  exception  of  an  installation  for  treating 
cannel,  the  plants  now  in  operation  are  all  treating  ordinary  bitumin- 
ous coals  with  the  main  object  of  producing  a  solid  smokeless  fuel 
for  domestic  purposes.  Lander  and  Sinnatt,  in  their  paper  on 
"Low-Temperature  Carbonisation"  (Q2)  state  that  at  present  there 
are  some  sixteen  plants  which  are  capable  of  dealing  with  10  tons  or 
more  of  coal  per  day.  The  results  obtained  in  tests  on  eleven  of  these 
plants  are  given,  seven  of  which  have  been  tested  by  the  Fuel 
Research  Board.  The  majority  of  the  plants  give  a  combined  yield 
of  from  18  to  22  gallons  of  tar  and  spirit  washed  from  the  gas.  In 
the  case  of  the  plant  treating  cannel,  yields  of  50-2  gallons  of  tar 
and  3-7  gallons  of  spirit  are  reported.  The  yields  of  gas  vary  very 
greatly,  depending  on  the  method  of  heating  the  retorts. 

Special  Factors  Relating  to  British  Conditions 

Special  attention  is  drawn  in  the  paper  Q2  to  the  effect  that 
widespread  development  of  the  carbonisation  of  small  coal  in  low- 
temperature  processes  will  have  on  the  price  of  coal.  It  is  pointed 
out  that  "if  the  household  market  for  the  lump  coal  is  filled  by 
fuels  made  from  smaU  coal,  whether  coal  gas,  gas  coke,  oven  coke 
or  low-temperature  coke,  the  natural  result  will  be  an  increase 
in  the  price  of  the  small  coal  until  it  bears  its  full  mining  cost." 
"On  the  other  hand,  the  price  at  which  really  large  quantities  of 
smokeless  fuel  will  appeal  to  the  public  will  probably  be  about  that 
of  household  coal."  Commercial  success  of  low- temperature  car- 
bonisation depends  largely  on  whether  the  plants  as  regards  cost  of 
operation  can  work  between  these  limits  together  with  the  credit 
to  be  obtained  from  the  sale  of  tar. 
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8  In  this  connection  the  important  statement  is  made  that  "investiga- 
tions of  low-temperature  tar  do  not  appear  at  this  stage  to  have 
revealed  any  special  feature  likely  to  raise  its  commercial  value  above 
that  of  high-temperature  tar."  Further,  it  is  pointed  out  that  from 
year  to  year  and  from  one  part  of  the  country  to  another,  the  value 
of  tar  varies  very  greatly.  In  1926  the  variation  was  from  2-8  pence 
to  8  pence,  with  an  average  of  4-6  pence  for  London.  The  authors 
state  that  if  the  amount  produced  in  a  particular  district  or  in  the 
country  generally  is  such  as  to  saturate  the  requirements  for  special 
products  derived  from  tar,  the  sole  method  of  utilising  the  surplus 
will  be  as  fuel  oil.  The  value  of  this  is  given  at  the  present  time  as 
3d.  to  3|d.  per  gallon. 

9  As  a  means  of  enriching  ordinary  town's  gas,  the  gas  from  low- 
temperature  processes  is  not  of  primary  importance  to  the  gas 
industry.  Special  uses  may  be  found  for  it  as  it  is  not  greatly  inferior 
to  gas  produced  from  the  cracking  of  oils.  It  has  been  suggested  that 
by  compression  a  portion  of  the  unsaturated  and  of  the  saturated 
hydrocarbons  can  be  condensed  for  use  as  a  substitute  for  acetylene 
for  welding  processes.  The  unsaturated  hj^drocarbons  may  be 
recovered  as  alcohols  or  converted  into  glycols  for  use  as  substitutes 
for  glycerine.  Explosives  can  be  obtained  from  nitrated  unsaturated 
hydrocarbons. 

10  Low- temperature  coke  in  lump  form  has  great  advantages  over  raw 
coal  for  the  open  domestic  grate  so  widely  used  in  Great  Britain. 
It  has  been  shown  that  the  householder  does  not  require  to  burn 
the  same  weight  of  coke  as  of  coal  in  order  to  obtain  the  same 
comfort  effect. 

11  It  is  emphasised  that  high  moisture  and  ash  neutralise  some  of  the 
advantages  of  coke,  and  it  will  be  necessary  to  use  good  quahty  coal 
for  coking.  It  is  stated  (Q2)  that  "coking,  whether  high  or  low 
temperature,  cannot  be  regarded  as  a  means  of  producing  a  satis- 
factory smokeless  domestic  fuel  from  coals  which  owe  their  low 
price  to  a  high  ash  content." 

12  Figures  are  given  in  connection  with  successful  trials  of  low- 
temperature  coke  for  use  in  gas  producers  for  motor  traction.  Over 
a  distance  of  30  miles  the  consumption  of  a  lorry  of  6  ton  overall 
weight  was  2-6  lb.  of  low  temperature  coke  per  mile.  A  development 
in  this  direction  would  make  Great  Britain  less  dependent  on 
outside  sources  of  motor  fuel. 
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13  The  possibilities  of  pulverised  low- temperature  coke  for  boilers  and 
furnaces  is  receiving  attention.  The  limiting  factor  is  the  tempera- 
ture of  the  furnace,  which  must  be  above  about  1,000°C.  Wear  and 
tear  of  the  pulveriser  is  claimed  to  be  slightly  greater  than  with 
coal. 

14  Special  attention  is  called  to  the  question  of  the  treatment  of  the 
aqueous  distillate.  With  one  or  two  exceptions,  the  Hquor  is 
practically  worthless  as  regards  ammonia  content.  The  sulphur  and 
other  compounds  present  make  it  impossible  to  run  such  liquors 
into  the  sewers  or  streams,  and  means  must  be  discovered  to  render 
them  innocuous. 

15  Reviewing  the  possible  applications  of  low- temperature  carbonisa- 
tion in  Great  Britain,  Lander  and  Sinnatt  make  the  following 
points.  The  gas  industry  could  provide  a  ready  market  for  the 
rich  gas  from  externally  heated  retorts.  The  lower  grade  gas  from 
internally  heated  retorts  could  also  be  used  to  replace  the 
producer  gas  normally  used  for  heating  high  temperature 
plants.  The  gas  companies,  having  marketing  arrangements  for  coke, 
could  also  dispose  profitably  the  solid  smokeless  fuel.  It  is  to  be 
specially  noted  that  if  the  40  million  tons  of  coke  used  in  Great 
Britain  for  domestic  purposes  were  replaced  by  solid  smokeless  fuel, 
the  production  of  rich  gas  would  be  so  great  it  would  be  possible  to 
deal  with  this  only  through  the  gas  industry.  The  Gas  Light  and 
Coke  Company  are  engaged  in  a  commercial  experiment  to  provide 
data  for  a  reliable  forecast  of  the  economic  position  of  such  plants. 

16  The  general  conclusion  which  C.  H.  Lander  and  F.  S.  Sinnatt  reach 
is  that" whilst  from  the  technical  aspect,  low- temperature  carbonisa- 
tion plants  can  be  worked  at  a  price  to  produce  coke,  tar  and  gas 
in  adequate  quantity  and  quality,  we  still  await  the  results  of  long 
period  commercial  operation,  selling  the  products  on  the  open  market 
and  producing  actual  profits  to  shareholders."  "There  are  un- 
doubtedly local  conditions  in  various  parts  of  the  world  under 
which  a  plant  can  be  expected  to  be  a  commercial  success;  but  to 
what  degree  low-temperature  carbonisation  may  develop  as  a  real 
factor  in  national  fuel  utilisation,  time  only  can  tell." 

Co-ordination  with  Electricity  Generation 

I"7  Whilst  in  Great  Britain,  coal  processing  is  generally  considered  as  an 
independent  operation,  the  primary  products,  namely,  coke,  tar 
and  gas,  being  sold  in   the  open  market,   there  are  projects  for 
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operating  low- temperature  carbonisation  plants  in  conjunction  with 
electricity  generation.  Dr.  P.  Rosin,  in  his  paper  on  "The  Possibilities 
of  Co-ordination  between  Coal  Processing  and  the  Production  of 
Electricity"  (01),  deals  in  much  detail  with  the  imderlying  principles 
of  combined  operation  and  its  practice  so  far  as  it  is  developed  in 
Germany.  It  will  be  necessary  to  consult  the  original  paper  to 
obtain  a  clear  idea  of  the  details  involved  in  co-ordinating  coal 
processing  with  power  production,  but  the  salient  points  may  be 
brought  out  in  this  General  Report. 

lo  Four  principles  are  laid  down  as  governing  all  co-ordination. 
Firstly,  co-ordination  must  lead  to  a  lowering  of  the  cost  of  the  main 
product  as  compared  with  that  in  independent  works.  Secondly, 
one  of  the  processes  to  be  co-ordinated  must  be  dominant  and  the 
others  subordinated  to  it.  Thirdly,  as  many  as  possible  of  the  main, 
intermediate  and  by-products  must  be  used  interdependently,  and 
lastly,  the  economic  weaknesses  of  the  individual  processes  must  be 
neutrahsed  as  far  as  possible.  In  applying  these  principles  to  the 
production  of  electricity  it  is  clear  that  co-ordination  must  lead  to  a 
cheaper  kilowatt  hour.  The  demand  for  current  is  the  dominating 
factor  and  the  processes  co-ordinated  with  electricity  generation 
must  facilitate  the  supply  of  peak  load  requirements  and  raise  the 
average  load. 

19  There  are  se\-eral  examples  in  Germany  of  the  combination  of  a 
brown  coal  briquetting  plant  with  electricity  generation.  In  this 
case,  the  Hgnite  for  the  briquetting  works  is  dried  by  steam  or  flue 
gases.  The  dust  is  screened  out  and  used  in  one  part  of  the  boiler 
plant  whilst  the  other  is  fired  by  crude  lignite. 

20  From  a  consideration  of  the  values  of  the  products  from  various 
forms  of  thermo-chemical  coal  processing  such  as  low-temperature 
carbonisation,  high-temperature  carbonisation,  gasification,  etc. 
P.  Rosin  concludes  that  the  only  forms  which  can  be  economically 
co-ordinated  with  electric  power  production  are:-^ 

(a)  Low-temperature  carbonisation  of  lignites,  and 

{h)  Low- temperature  carbonisation  of  non-coking  coals. 

The  restriction  of  co-ordination  of  low-temperature  to  non-coking 
coals  is  due  to  the  fact  that  the  co-ordinated  process  must  always 
compete  with  the  burning  of  raw  coal  and  that  low-temperature 
coke  from  coking  coals  will  always  be  able  to  command  a  better 
price  if  sold  for  household  purposes  than  could  possibly  be  paid  by 
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the  electricity  works.  In  consequence,  the  combination  of  low-tem- 
perature carbonisation  with  electric  power  generation  is  essentially 
confined  to  lignite  and  there  are  now  power  stations  in  Germany 
operating  under  these  conditions. 

21  The  detailed  arrangements  of  such  plant  are  subject  to  variation. 
The  lignite  semi-coke  is  used  as  fuel  in  the  boilers  of  the  electric 
power  station.  The  gas  can  be  used  for  heating  the  ovens  but  is 
better  employed  in  supplying  the  community  or  other  industries. 
The  tar  is  sold.  Fluctuations  in  the  demand  for  electricity  are  taken 
up  by  storage  bunkers  for  the  lignite  semi-coke.  A  very  interesting 
suggestion  is  put  forward  in  the  paper  Q 1 ,  in  which  the  generators 
would  work  at  constant  load,  the  surplus  over  demand  being  used 
in  an  intermittently  operating  electric  carbonisation  process. 


22 


It  is  obvious  that  the  economics  of  the  co-ordination  between  low- 
temperature  carbonisation  and  electric  generation  depend  largely 
on  the  amount  of  tar  for  sale,  and  the  relation  between  the  cost  of 
lignite  semi-coke  and  raw  hgnite  for  varying  yields  of  tar  is  given  in 
the  form  of  curves. 

25  Reviewing  the  information  given  in  this  General  Report,  it  may  be 
said  that  low-temperature  carbonisation  in  Germany  is  largely 
confined  to  the  treatment  of  lignites,  and  this  has  successfully  been 
combined  with  the  production  of  electricity.  In  Great  Britain,  low- 
temperature  carbonisation  is  concerned  mainly  with  the  production 
of  a  sohd  smokeless  fuel  for  domestic  purposes.  There  are  several 
forms  of  apparatus  receiving  semi-commercial  investigation;  but  their 
economic  success,  either  as  independent  plants  or  in  association 
with  established  industries,  is  still  to  be  proved. 
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TUESDAY,  OCTOB2R  2   (MORNING) 

Section  Q 
LOW-TEMPERATURE  CARBONISATION 

Chairman:  M.  Guillaume  (France) 

The  Chairman,  in  opening  the  proceedings,  said  that  low-tempera- 
ture carbonisation  had  been  the  subject  of  attention  for  a  number 
of  years,  but  it  was  particularly  in  the  last  ten  years  that  great 
etforts  had  been  concentrated  upon  it.  The  papers  presented  gave 
a  very  good  idea  of  what  had  been  done  in  connection  with  the  sub- 
ject in  Great  Britain  and  German}',  and  he  expressed  thanks  to  the 
authors  of  the  papers,  as  well  as  to  Mr.  Townend  (the  General  Re- 
porter) for  his  review  of  them  in  the  General  Report.  Work  on  low- 
temperature  carbonisation  had  been  carried  out  in  other  countries, 
and  he  regretted  that  no  report  of  the  progress  made  in  France  had 
been  submitted  to  the  Conference.  The  reason  for  the  absence  of 
such  a  report,  however,  was  that  the  information  had  been  made 
public  at  a  Congress  of  Industrial  Heating  held  in  Paris  last  Spring, 
so  that  the  contents  of  a  report  on  the  subject  to  the  Fuel  Conference 
would  not  have  been  original. 

There  were  a  variety  of  methods  of  low-temperature  carbonisation, 
he  continued.  In  America  and  England  the  chief  object  was  to 
obtain  smokeless  fuel.  In  countries  which  had  no  natural  coal 
resources  of  importance,  however,  economy  of  combustion  stood  in 
the  foreground.  France  was  not  favoured  with  regard  to  deposits 
of  liquid  fuels  and  fuels  suitable  for  domestic  purposes,  so  that  there 
was  a  wide  field  there  for  low-temperature  carbonisation.  Lignites 
were  being  treated  with  a  view  to  extracting  liquid  fuels  from  them . 
and  the  low-temperature  carbonisation  process  was  also  used  with 
a  view  to  obtaining  fuels  for  domestic  purposes,  so  that  it  would  be 
possible  partly  to  replace  anthracite.  In  the  region  of  the  Saar  a 
special  condition  existed.  The  coal  of  that  district  was  non-coking, 
and  the  properties  required  in  order  that  it  could  be  treated  had 
been  obtained  in  the  past  by  blending  with  it  coals  from  other  parts 
of  the  world.  It  had  been  found,  however,  that  the  same  results 
could  be  obtained  by  mixing  with  the  Saar  coal  from  15  to  20  per 
cent,  of  the  same  coal  after  treatment  by  low-temperature  carbon- 
isation, and  the  mixture  could  be  used  in  the  ordinary  way  in  coke 
ovens.  This  process  had  been  carried  out  for  the  last  three  years. 
There  was  a  wide  diversity  of  coals  being  treated,  ranging  from 
bituminous  coal  down  to  peat,  and  with  an  ash  content  of  any  hing 
up  to  20  per  cent.     The  diversity  of  materials  to  be  treated  had 
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brought  about  a  diversity  of  methods.  In  some  places  the  appara- 
tus used  resembled  the  ordinary  retorts  as  used  in  gas  plants,  whilst 
in  other  places  the  apparatus  resembled  the  rotary  retorts  as  used 
in  the  cement  industry.  The  treatment  of  the  oils  produced  in  the 
process  demanded  special  installations. 

The  enthusiasm  which  the  low-temperature  carbonisation  process 
had  aroused  a  few  years  ago  had  perhaps  somewhat  abated,  but  that 
did  not  mean  failure;  on  the  contrary,  the  field  of  application  had 
been  found  to  be  extremely  wide.  A  standard  method  of  treatment, 
such  as  had  been  developed  more  or  less  in  high-temperature  car- 
bonisation, was  impossible,  on  account  of  the  diversity  of  raw 
materials  used  and  products  obtained.  Research  was  arduous  and 
long,  therefore;  but  this  was  compensated  for  largely  by  the  variety 
of  applications  of  the  process. 

Mr.  F.  S.  Townend  (General  Reporter)  then  presented  his  general 
report. 

Dr.  F.  S.  Sinnatt  (Vice-Chairman,  Great  Britain)  said  he  con- 
sidered he  was  justified  in  saying  that  the  subject  of  low-temperature 
carbonisation  was  the  most  important  single  subject  dealt  with  so 
far  at  the  Fuel  Conference,  and  was  one  which  merited  the  deepest 
attention.  Low-temperature  carbonisation  in  Great  Britain  and  in 
other  countries  was  just  passing — some  people  liked  to  say  that  it 
had  passed — to  the  stage  of  commercial  development;  and  to  the 
public  it  had  very  great  attractions,  because  it  offered  a  solution  for 
two  problems  which  were  very  prominently  before  them,  namely, 
th  it  of  providing  a  supply  of  solid  fuel  suitable  for  all  domestic  pur- 
poses, which  would  eliminate  the  smoke  nuisance  and  reduce  the 
amount  of  dirt  in  the  household,  and  secondly,  that  of  obtaining  a 
supply  of  oil  from  sources  within  our  own  shores.  It  was  perhaps 
rather  surprising  to  find  that  only  three  papers  had  been  submitted 
on  the  subject,  two  from  Germany  and  one  from  Great  Britain. 
One  would  have  expected  reports  from  other  countries,  but  perhaps 
the  explanation  given  by  the  Chairman  with  regard  to  the  situation 
in  France  applied  to  other  countries. 

Dr.  Rosin,  in  his  paper  (01)  had  made  a  most  interesting  sugges- 
tion. He  had  tried  to  give  a  new  definition  for  coal  processing,  and 
considered  that  this  should  be  applied  to  all  processes  which  pro- 
duced improved  products.  That  was  a  new  idea.  In  commending 
Dr.  Rosin's  paper  as  one  meriting  very  close  consideration,  Dr. 
Sinnatt  said  that  he  was  surprised  that  no  mention  was  made  in  it 
of  the  carbonisation  of  coal  at  low  temperatures  and  the  hydro- 
génation of  the  liquid  portion  of  it,  which  was  a  type  of  development 
now  taking  place.  It  was  stated  in  the  paper  that  the  chief  value 
of  the  brown  coal  lay  in  the  tar  obtained,  and  lhat  in  1926  brown 
coal  containing  55  per  cent,  of  m)isture  had  yielded  an  average  of 
7-6  per  cent,  of  tar,  or  roughly  17  gallons  per  ton.  It  was  important 
to  bear  that  figure  in  mind.  On  a  dry  basis  it  worked  out  at  17  per 
cent,  of  the  brown  coal,  or  roughly  38  gallons  per  ton.  Dr.  Rosin 
then  stated  that  the  lowest  economic  limit  was  14  per  cent. — pre- 
sumably on  the  dry  basis — or  roughly  31  gallons.     It  was  interesting 
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to  compare  the  yields  obtained  by  the  low-temperature  carbonisa- 
tion of  bituminous  coals.  Between  15  and  20  gallons  was  a  reason- 
able yield  to  obtain  from  English  coals. 

Some  of  the  isolated  remarks  in  the  paper,  said  Dr.  Sinnatt,  were 
interesting  as  showing  that  the  demand  for  brown  coal  semi-coke 
for  domestic  purposes  was  not  increasing;  in  fact,  the  sale  was 
decreasing.  Dr.  Heinze,  in  his  paper  (Q3)  had  reviewed  most 
capably  the  whole  of  the  processes  devoted  to  the  low-temperature 
carbonisation  of  brown  coal,  and  many  of  these  we  must  accept  as 
being  successful.  In  connection  with  the  low-temperature  carbon- 
isation of  bituminous  coal,  however,  it  was  interesting  to  note  that 
Dr.  Heinze  had  mentioned  only  three  processes  which  were  at 
present  before  the  industry  in  Germany,  one  of  which  was  working 
as  a  commercial  plant,  i.e.,  the  K.S.G.  plant.  The  C.T.G.  plant 
mentioned  in  the  paper,  he  believed,  was  the  one  referred  to  in  this 
country  as  the  Plassman  plant. 

Dr.  Sinnatt  pointed  out  that  from  the  paper  by  Dr.  Lander  and 
himself  (02),  it  was  clear  that  there  were  seventeen  processes  in  a 
state  of  development  in  this  country,  but  he  wished  to  add  to  these 
another  three,  making  a  total  of  twenty.  Of  these,  seven  had 
imdergone  the  test  which  the  Department  of  Scientific  and  Industrial 
Research  was  ready  to  carry  out  at  the  Government's  expense,  and 
in  every  case  the  technical  claims  of  the  yields  of  products,  etc., 
made  by  those  responsible  for  the  plants  had  been  fulfiUed.  We  in 
this  country  had  a  tendency  to  be  rather  too  modest,  but  he  beheved 
it  was  not  unfair  to  say  that  in  connection  with  the  development 
of  low-temperature  carbonisation  Great  Britain  was  in  advance  of 
other  coimtries. 

In  a  paper  by  Professor  J.  W.  Cobb,  of  Leeds,  before  Section  H  of 
the  Conference,  dealing  with  gas  manufacture  (H8) ,  it  was  pointed  out 
that  low-temperature  carbonisation  was  not  the  only  method  of 
producing  a  fuel  suitable  for  domestic  purposes,  but  that  it  could 
be  done  by  carbonising  at  a  high  temperature  provided  the  coal 
received  some  special  treatment.  Associated  with  this  fact  we  could 
not  overlook  an  important  point,  viz.,  that  in  vertical  retorts  the 
^ield  of  oil  could  be  increased  by  steaming  until  it  became  as  high 
as  that  produced  by  low-temperature  carbonisation,  i.e.,  up  to 
19  gallons  per  ton  of  coal  carbonised.  In  deaUng  with  the  subject 
of  low-temperature  carbonisation  we  must  bear  in  mind  that  the 
gas  industry  was  striving  to  produce  a  coke  suitable  for  domestic 
purp(  ses,  and  that  by  the  special  carbonisation  carried  out  in 
vertical  retorts  a  yield  of  oil  as  great  as  or  not  much  less  than  that 
obtained  b\^  low-temperature  carbonisation  could  be  obtained. 

FinaUv,  Dr.  Sinnatt  urged  that  the  occasion  of  this  discussion  was 
not  one  for  false  modesty,  and  if  British  speakers  had  processes  to 
describe  they  should  describe  them  in  broad  terms,  so  that  the 
world  should  know  what  Great  Britain  was  doing. 

Mr.  R.  H.  Crozier  (Great  Britain)  said  that  the  problem  of, 
perhaps,  the  greatest  social  and  industrial  importance  facing  the 
British  nation  to-day  and  the  one  which  would  have  the  most  vital 
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and  far-reaching  effect  on  our  national  prosperity,  was  that  involved 
in  the  low-temperature  distillation  of  our  coal  resources.  Many 
people  must  have  asked  themselves  why  at  this  Conference — 
probably  the  most  important  and  significant  gathering  of  its  kind 
that  had  ever  taken  place — the  field  of  low-temperature  distillation, 
fertile  with  such  great  promise  of  increasing  the  output  and  reducing 
the  cost  of  power  production,  had  received  such  inadequate  explora- 
tion. One  might  be  forgiven  for  wondering  if  the  statement  of  the 
Conference  publishers  "that  the  policy  of  smoke  abatement  is  the 
main  justification  for  the  development  of  low-temperature  car- 
bonisation" reflected  also  the  opinion  of  the  Pubhcation  Committee. 
The  above  remark,  however,  certainly  reflected  a  type  of  mentality 
which  would  find  the  main  justification  for  the  South  African  gold 
industry,  for  example,  in  the  fact  that  the  Transvaal  ore  was  unsuit- 
able for  use  as  a  road  metalling.  The  justification  for  the  low- 
temperature  industry  would  be  the  dividends  it  earned,  dividends 
which  were  now  within  measurable  distance  of  attainment. 

The  low-temperature  industry,  by  virtue  of  its  bearing  upon 
questions  of  power  production,  coal  output  and  oil  suppHes,  was 
essentially  a  key  industry,  and  the  measure  of  success  which  attended 
the  various  efforts  now  being  made  to  establish  coal  distillation  as 
a  profitable  commercial  proposition  would  be  reflected  by  an  in- 
crease in  the  prosperity  of  practically  every  other  industry  in  this 
country.  The  Royal  Commission  on  the  coal  industry  in  1925 
reported  the  estimated  reserves  of  coal  in  seams  at  mineable  depth 
at  197,000  million  tons.  Based  on  its  period  of  potential  life,  there- 
fore, the  industry  might  be  said,  in  the  hundred  years  of  its  present 
development,  to  have  passed  through  a  stage  of  infancy,  during 
which  it  had  been  fostered  by  favourable  economic  conditions;  and 
the  efforts  now  being  made  at  reorganisation  on  rational  lines  might 
be  regarded  as  healthy  signs  that  a  dawning  intelligence  was  being 
exerted  to  meet  the  more  strenuously  competitive  conditions  of 
maturity.  The  various  schemes  on  foot  such  as  the  amalgamation 
of  coal  mines,  reorganisation  in  administration  and  co-operation  in 
marketing,  while  tending,  doubtless,  to  improve  the  situation,  did 
not  strike  directly  at  the  root  of  the  trouble.  He  was  of  the  opinion 
that  the  day  of  raw  coal  as  a  predominant  factor  in  economic  power 
production  was  passing,  and  that  in  the  future  the  coal  industry 
would  depend  more  and  more  for  its  profits  upon  the  value  of  the 
products  extracted  by  low-temperature  methods  of  treatment; 
whilst  cheap  semi-coke,  burned  efficiently  in  pulverised  form,  would 
be  recognised  as  the  economic  fuel  for  power  production  in  stationary 
locomotive  and  marine-type  boilers  or  for  the  production  of  elec- 
trical energy  through  the  medium  of  suction  gas  generators. 

The  speaker  then  examined  some  of  the  considerations  influencing 
the  problems  from  the  point  of  view  of  low-temperature  processes 
in  this  country,  and  said  there  was  mined  in  Great  Britain  approxi- 
mately 250  milHon  tons  of  coal  each  year.  Although  the  bulk  of 
this  coal  was  classified  as  bituminous  coal,  it  consisted  of  materials 
widely    different    in    their    chemical    composition     and    physical 
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structure  and,  more  particularly,  vastly  differing  in  their  behaviour 
under  heat  treatment.  Many  coals,  such  as  those  from  Durham, 
Kent,  certain  seams  in  Northumberland,  Yorkshire,  Wales,  etc., 
passed  through  a  phase  of  liquefaction  and  the  separate  pieces  coal- 
esced completely  on  heat  treatment;  others  exhibited  only  a  slight 
tendency  to  coalesce,  whilst  in  many,  the  coalescing  tendency  was 
completely  absent.  We  had,  therefore,  in  considering  the  question 
of  distillation,  extreme  differences  in  technical  behaviour  to  provide 
for;  and  to  refer,  as  was  commonly  the  case,  to  the  low-temperature 
process  for  coal  treatment,  was  about  as  illogical  and  misleading  as 
it  would  be  to  suggest  that  one  metallurgical  process  would  be 
equally  suitable  for  the  treatment  of  all  ores.  Coalescing  coals,  on 
account  of  the  inherent  difficulty  of  dealing  with  hot,  semi-plastic 
and  sticky  masses  under  commercial  conditions,  must  obviously 
require  most  costly  and  mechanicahy  complicated  retorts  for  their 
treatment  than  those  coals  which,  by  virtue  of  their  non-coalescing 
character,  rill  ^d  freely  by  gravity  under  normal  conditions.  Retorts 
designed  for  the  low  temperature  distillation  of  highly  caking  coals 
would,  therefore,  be  of  small  individual  capacity,  high  initial  cost 
and  expensive  to  operate.  In  addition,  the  semi-coke  produced 
from  the  treatment  of  coalescing  coals  was  light,  friable  and  porous 
in  character.  Consequently,  it  broke  down  in  handling  and  trans- 
port, burned  away  rapidly  and  was  generali}^  unsatisfactory  as  a 
domestic  fuel  in  comparison  with  the  dense,  robust  coke  produced 
from  the  treatment  of  non-coalescing  or  "free-retorting"  coals; 
which  coals,  further,  yielded  oils  equal  in  quality  and  quantity  to 
the  oils  yielded  by  the  more  difficult  to  treat  and  usually  more 
costly,  caking  coals.  It  was  found,  however,  that  the  quality  of 
fusibility  which  made  some  coal  undesirable  for  low-temperature 
distillation  was  just  that  quality  which  was  practically  essential  for 
high-temperature  carbonisation  processes,  in  which  a  dense  coke 
was  produced  by  the  pressure  in  the  retort,  resulting  from  the  re- 
stricted expansion  of  the  coal  in  a  stationary  charge.  Consequently, 
by  a  natural  process  of  industrial  selection,  the  coals  of  high  caking 
character  found  preferential  markets  in  the  coke-oven  and  gas- 
making  industries,  both  in  this  country  and  abroad;  while  the  "free- 
retorting"  non-caking  coals  constituted  a  large  proportion  of  the 
147,000,000  tons  that,  according  to  the  report  of  the  Royal  Com- 
mission, were  at  present  burned  wastefully  every  year  in  the  raw 
state.  It  was  the  smoke  from  this  coal,  mostly  consumed  in  open 
fires,  which  caused  such  incalculable  inconvenience,  loss  and  distress 
to  the  community.  Obviously,  then,  the  sphere  offering  the  greatest 
financial,  industrial  and  communal  advantages  for  the  development 
of  the  low-temperature  distillation  industry  in  Great  Britain,  lay 
in  the  treatment  of  simple  "free-retorting"  coals,  the  present  mode 
of  consumption  of  which  was  little  short  of  an  economic  scandal. 

The  most  cursory  examination  of  the  problem  from  the  point  of 
view  of  establishing  the  industry  on  a  scale  commensurate  with  the 
nation's  need,  indicated  clearly  that  the  retorts  for  the  distillation 
of  the  coal  must  be  of  large  unit  capacity,  simple  in  construction, 
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fool-proof  in  operation,  of  low  capital  and  operating  cost  and  capable 
of  working  continuously  from  one  year's  end  to  another.  The  late 
Sir  George  Beilby,  in  reviewing  the  subject  of  low-temperature  dis- 
tillation in  a  report  on  the  work  of  the  Fuel  Research  Department, 
estimated  that  the  capitalisation  involved  in  estabhshing  the 
industry  in  England  would  be  approximately  £1  per  ton  annual 
throughput.  Since  the  date  of  Beilby 's  report,  however,  much 
progress  had  been  made  in  the  art  of  coal  distillation  and  at  least 
one  process  fulfilling  the  considerations  outlined  above  had  been 
developed  which  would  permit  the  industry  to  be  established  on  a 
capitalisation  basis  of  considerably  less  than  ^^1  per  ton  annual 
throughput.  By  way  of  comparison  with  kindred  industries,  it 
might  be  mentioned  that  the  coke  oven  industry  of  this  country 
possessed  over  150  plants,  and  carbonised  approximately  19  million 
tons  of  coal  per  annum.  The  capital  engaged  in  this  industry  was 
in  the  neighbourhood  of  ;^ 40, 000 ,000,  or  over  £2  per  ton  annual 
throughput.  Again,  in  the  British  gas  industry,  which  dealt  with 
over  18  million  tons  per  annum,  there  was  now  engaged  a  capital 
of  £160,000,000,  equivalent  to  nearly  £9  per  ton  annual  throughput. 
It  was  evident,  therefore,  that  in  comparison  with  the  gas  and  coke 
oven  industries,  the  capital  required  to  establish  the  new  coal  dis- 
tillation industry  was  comparatively  small. 

Referring  to  the  larger  question  of  Empire  oil  supplies,  he  said  that 
vast  sums  of  money  had  been  expended  in  prospecting  the  most 
likely  places  in  the  Empire,  in  efforts  to  discover  commercial  oil 
pools.  So  far  the  results  from  this  expenditure  had  been  largely 
negative  and  there  now  seemed  little  likelihood  of  adequate  supplies 
of  natural  oil  being  obtained  from  sources  entirely  within  our  terri- 
tories. On  the  other  hand,  our  consumption  was  increasing  rapidly 
and  it  was  probable  that,  while  our  requirements  would  be  consider- 
ably greater  within  the  next  few  years,  the  sources  from  which  the 
supplies  were  at  present  drawn  would,  through  depletion  of  the  wells, 
the  diversion  of  the  products  to  other  markets  or  through  inter- 
national complications  be  no  longer  available  to  contribute  to  our 
necessities.  While  there  might,  perhaps,  be  little  justification  for 
the  many  pessimistic  prophecies  regarding  an  imminent  exhaustion 
of  the  world's  natural  oil  deposits,  it  was  quite  obvious  that  the 
annual  progressive  increase  in  oil  consumption  was  more  certain  to 
persist  than  was  a  continuation  of  an  annual  increase  in  production. 
The  result  must  inevitably  be  a  general  oil  shortage,  the  effects  of 
which  would  be  felt  with  particular  severity  throughout  the  Empire, 
owing  to  the  wide  geographical  dispersion  of  its  Dominions  and  our 
unfavourable  situation  with  regard  to  natural  oil  reserves.  Much 
had  already  been  written  on  this  subject  and  it  was,  perhaps,  un- 
necessary to  dwell  on  the  disastrous  effect  a  serious  oil  shortage 
would  have  on  the  development  of  the  Empire,  the  very  security  of 
which  was  largely  based  on  an  oil-driven  sea-power. 

The  United  States  were  at  present  producing  over  75  per  cent, 
of  the  world's  petroleum  output,  and  so  long  as  this  production 
could  be  maintained   there  was  little   reason  to  fear  any  serious 
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deficiency  of  British  supplies.  Some  two  years  ago,  however,  the 
United  States  Oil  Conservation  Board  drew  attention  to  the  fact  that 
at  the  present  rate  of  production  the  known  reserves  of  petroleum 
could  not  be  relied  upon  for  many  years.  Recent  statistics  indi- 
cated that  the  present  consumption  of  the  more  important  British 
countries  was  over  130  million  barrels  per  year.  Of  this  quantity 
some  70  per  cent,  was  drawn  from  foreign  sources;  apart  from 
Persia  the  United  States  being  probably  our  most  important  source 
of  supply.  It  was  evident,  therefore,  that  any  serious  decrease  in 
the  United  States  oil  production  would  be  quickly  reflected  by  a 
shortage  and  increased  price  for  oil  products  in  British  countries. 
It  was  only  necessary  to  study  the  statistical  history  of  the  Cali- 
fornian  fields  to  realise  how  quickly  a  serious  deficiency  of  supply 
might  develop,  and  that  a  fewmonths  of  unsuccessful  "wild-catting" 
in  correspondence  with  the  exhaustion  of  present  flush  producing  fields 
might  quickly  bring  about  a  drop  of  50  per  cent,  in  production.  We 
had  within  British  territories  ample  supplies  of  raw  material  from 
which  the  bulk  of  our  oil  requirements  might  be  extracted  by  dis- 
tillation. The  average  yield  from  such  materials,  however,  would 
be  considerably  under  one  barrel  of  oil  per  ton.  It  was  evident, 
therefore,  that  to  make  good  any  considerable  percentage  of  our 
present  consumption  would  involve  the  treatment  of  millions  of 
tons  of  coals  or  oil-shales  every  year  and  the  creation  of  a  new  in- 
dustry of  unprecedented  magnitude,  the  development  of  which  must 
be  undertaken  without  delay  if  we  were  to  be  in  a  position  to  meet 
the  inevitable  oil  shortage  when  it  occurred. 

Mr.  Harald  Nielsen  (Great  Britain),  in  a  tribute  to  Dr.  Rosin, 
said  he  was  in  Berlin  when  Dr.  Rosin  had  presented  his  famous 
paper  before  the  German  Brown  Coal  Association,  dealing  with  the 
inflammability  and  spontaneous  combustion,  and  the  dangerous 
temperatures  for  such,  of  the  brown  coal  residue;  and  he  was  impressed 
by  the  able  manner  in  which  the  subject  was  dealt  with.  The  group 
with  which  he  (Mr.  Nielsen)  was  associated  were  studying  the  same 
matter  very  closely  in  this  country.  When  they  distilled  a  non- 
coking  bituminous  coal  they  obtained  a  very  highly  reactive  residue, 
not  quite  as  reactive  as  the  residue  obtained  in  Germany  from  brown 
coal,  however;  and  they  had  commenced  the  work  of  ascertaining 
the  temperature  at  which  the  spontaneous  combustion  took  place 
and  matters  of  that  kind,  along  the  same  lines  as  those  followed  by 
Dr.  Rosin.  He  was  glad  to  say  that  the  soUd  residue  they  produced 
from  coal  could  be  dealt  with  in  exactly  the  same  way  as  the  brown 
coal  residue.  Mr.  Nielsen  disagreed  entirely  and  fundamentally 
with  the  statement  in  the  paper  by  Dr.  Lander  and  Dr.  Sinnatt 
(Q2)  that  "investigations  of  low-temperature  tar  do  not  appear  at 
this  stage  to  have  revealed  any  special  feature  likely  to  raise  its 
commercial  value  above  that  of  high-temperature  tar."  The  Fuel 
Research  Board,  he  said,  were  dealing  with  a  product  which  had 
been  more  or  less  cracked;  it  was  not  a  primary  product,  and,  con- 
sequently, he  could  quite  understand  the  remarks  of  Dr.  Sinnatt 
as  to  the  possibility  of  gas  works  retorts  producing  fuel  oil.     Work 
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carried  out  by  the  group  with  which  he  (Mr.  Nielsen)  was  associated, 
in  the  examination  of  low-temperature  tar  obtained  from  the  Fuel 
Research  Board  and  high-temperature  tar  produced  by  steaming  in 
vertical  retorts,  showed  that  there  was  a  great  similarity  between 
the  two,  but  when  it  came  to  the  production  of  an  uncracked 
primary  product  it  was  quite  another  matter. 

With  reference  to  the  paper  by  Dr.  Heinze  (Q3),  he  said  this  was  a 
very  nice  pocket  edition  of  Dr.  Thau's  bible  on  low-temperature 
carbonisation,  but  Dr.  Heinze  had  made  exactly  the  same  statements 
as  were  made  by  the  inventors  of,  and  other  people  interested  in, 
low-temperature  processes;  the  whole  problem  was  put  forward  in 
a  very  rosy  light,. and  there  was  not  enough  independent  criticism 
to  guide  others.  It  was  rather  difficult  to  follow  sometimes  what 
was  in  the  author's  mind,  because  on  occasions  he  was  a  little  con- 
tradictor}'. 

As  indicating  the  attitude  to  be  adopted  for  ensuring  the  future 
prosperity  of  our  coal  industry  and  of  low-temperature  carbonisa- 
tion, Mr.  Neilsen  referred  to  the  experience  of  Denmark  when  its 
basic  industry,  agriculture,  was  threatened,  and  suggested  that  we 
in  this  country  might  profit  by  her  experience.  Some  forty  or  fifty 
years  ago  Denmark's  basic  industry  was  the  production  and  ex- 
portation of  corn,  but  Russia,  America  and  Canada  had  commenced 
to  export  corn  and  had  dumped  com  at  low  prices  into  the  countries 
served  previously  by  Denmark.  The  position  in  the  latter  country 
was  becoming  desperate,  and  after  a  close  study  of  the  position  it 
was  decided  not  to  export  the  raw  product,  namely  corn,  but  to 
export  manufactured  products,  such  as  cattle  and  agricultural  and 
dairy  produce.  A  number  of  farmers  were  sent  to  this  country  to 
learn  the  business,  and  as  a  result  of  their  efforts  Denmark  had 
become  perhaps  one  of  the  most  successful  agricultural  countries 
in  the  world.  Similarly,  in  this  country  coal  was  the  basic  industry, 
but  it  was  now  found  that  coal  could  not  be  exported  profitably 
in  such  large  quantities  as  formerly,  because  other  people  were  pro- 
ducing coal  and  oil  took  the  place  of  coal.  Therefore,  the  only  way 
out  of  the  difficulty,  he  suggested,  was  to  export  more  refined  or 
rather  manufactured  articles,  such  as  oil  and  a  safe  powdered  fuel. 
When  he  had  referred  to  the  use  of  powdered  fuel  in  ships  six  or 
seven  years  ago  he  had  been  laughed  at,  but  to-day  it  was  widely 
used.  Again,  the  use  of  powdered  fuel  in  locomotives  was  receiving 
attention,  not  only  in  Germany  but  also  in  this  country,  and  some 
of  the  railway  companies  were  busy  converting  their  engines  to 
burn  powdered  fuel. 

Mr.  George  Helps  (Great  Britain),  after  emphasising  the  immense 
importance  of  the  subject  of  low-temperature  carbonisation,  said  he 
was  a  user  of  a  low-temperature  plant  at  Nuneaton,  and  there  were 
probably  others  present  who  were  also  users  of  the  process  for  the 
manufacture  of  gas  and  its  distribution  in  this  country.  The  price 
of  gas  was  a  vital  matter  to  the  community,  as,  indeed  was  the  price 
of  everv  other  fuel;  and  if,  by  means  of  low-temperature  carbonisa- 
tion or  any  other  method  allied  to  it,  the  price  could  be  reduced,  it 
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ought  to  be  done,  whether  the  heating  value  of  the  gas  was  200  or 
500  B.Th.U.  per  cu.  ft.,  or  any  other  value. 

Gas  and  oil  could  be  produced  by  any  workable  process  of  low- 
temperature  carbonisation,  and  the  gas  could  be  sold  at  a  price  to 
compete  with  coal,  heat  for  heat.  Could  any  other  process  do  better 
than  that?  Anything  more  calculated  to  lift  this  country  out  of  its 
present  condition  of  industrial  depression  he  could  not  imagine. 
If  the  low-temperature  process  was  used  in  gas  works  instead  of  the 
present  high-temperature  carbonisation  processes,  there  would  be 
a  considerable  increase  in  the  amount  of  coal  raised,  because  we  did 
not  make  oil  out  of  nothing;  some  of  the  oil  in  the  coal  was  at  present 
being  converted  into  gas  at  the  ordinary  gas  works.  If  we  looked 
at  the  matter  from  the  point  of  view  that  the  more  oil  used  the  more 
coal  would  be  raised,  it  would  help  in  the  solution  of  our  industrial 
problem. 

Criticising  the  present  gas  works  practice  of  heating  retorts 
externally — and  in  this  connection  the  whole  question  of  the 
quality  of  gas  arose — he  said  it  was  madness  to  put  coal  into  a  retort 
with  12  or  14  in.  of  brickwork  outside  it,  to  apply  heat  to  the  outside 
of  the  brickwork  and  allow  it  to  endeavour  to  get  through  and  car- 
bonise the  coal.  In  addition  to  that  it  was  the  practice  to  connect 
to  the  flue  a  chimney  200,  300  or  400  ft.  high,  to  carry  away  the  heat. 
Then  we  wondered  why  we  supplied  gas  at  a  price  which,  on  the  heat 
value  basis,  was  equivalent  to  coal  at  /8  or  /9  per  ton,  when  it  could 
be  sold  at  the  equivalent  of  £2  or  /3  per  ton  of  coal.  There  could  be 
no  question  as  to  which  process  any  sensible  man  should  adopt. 
With  internal  heating,  every  piece  of  coal  put  into  the  retort  was 
used  to  produce  the  heat  with  which  to  carbonise  it;  and  it  did  so 
efficiently,  leaving  behind,  if  it  were  required,  a  coke,  semi-coke, 
coalite  or  any  other  solid  fuel.  There  was  only  one  place  for  coal, 
and  that  was  the  gas  works,  where  it  should  be  gasified. 

Finally,  Mr.  Helps  expressed  indebtedness  to  Dr.  Lander  and  Dr. 
Sinnatt,  who  had  mentioned  in  their  paper  that  an  independent 
company  (the  Nuneaton  Gas  Company)  had  erected  a  MacLaurin 
plant  and  that  gas  of  a  calorific  value  of  240  B.Th.U.  per  cu.  ft.  was 
available  for  distribution.  He  pointed  out,  however,  that  the  plant 
in  this  matter  was  only  an  incident — though  no  doubt  an  important 
incident.  The  significant  factor  at  Nuneaton  was  that  the  Com- 
pany was  distributing  a  sensible  quality  of  gas.  A  gas  of  200 
B.Th.U.  gave  a  flame  temperature  infinitely  better  than  could  be 
obtained  with  anything  else,  and  low-grade  gas  would  be  the  salva- 
tion of  this  country  and  of  every  other. 

Mr.  p.  C.  Pope  (Great  Britain)  laid  emphasis  on  the  fact  that  the 
views  he  was  expressing  were  his  own  personal  views  and  not  those 
of  the  Institute  of  Fuel  (of  which  he  was  Secretary).  He  said  that 
one  very  important  but  much  neglected  commercial  aspect  of 
low-temperature  carbonisation  called  for  very  serious  consideration 
before  inviting  the  general  public  to  invest  their  money  in  plants 
of  this  kind;  and  that  was  the  heavy  burden  which  had  to 
be  put  on  the  debit  side  of  the  balance  sheet  due  to  depreciation 
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and  obsolescence  of  plant,  a  reasonable  reserve  fund  and  the  divi- 
dend naturally  expected  by  investors.  He  thought  most  people 
who  had  closely  followed  the  varying  fortunes  of  the  many  projected 
and  the  few  operating  low-temperature  plants  in  this  country  for 
dealing  with  bituminous  coal,  would  readily  agree  that  any  plant 
designed  and  put  into  operation  to-day  would  probably  be  obsolete 
in  seven  or  eight  years'  time  due  to  the  greater  economy  in  operating 
costs  which  would  naturally  be  the  outcome  of  a  few  years'  experi- 
ence of  large  scale  working.  If  this  were  agreed,  then  it  would  be 
necessary  to  write  off  an  annual  sum  equal  to  15  per  cent,  of  the 
total  capital  cost  of  the  plant.  A  further  annual  amount  of  at  least 
5  per  cent,  per  annum  must  be  allocated  to  a  reserve  fund  and  the 
holders  of  such  speculative  investments  as  low-temperature  car- 
bonisation shares  would  expect  to  receive  annual  dividends  of  at 
least  10  per  cent.  This  meant  that  whatever  the  capital  cost  of  a 
plant  was,  the  plant  must  yield  a  cash  margin  of  at  least  30  per  cent, 
on  its  capital  cost  after  paying  all  operating  maintenance,  super- 
vision and  scales  charges  as  well  as  the  cost  of  the  raw  coal  treated. 
A  plant  for  carbonising  500  tons  of  coal  per  day  and  converting  it 
into  semi-coke,  crude  tar,  crude  spirit  and  unpurified  gas,  but  not 
distilling  or  refining  any  of  its  liquid  or  gaseous  products,  naturally 
varied  as  to  its  capital  cost  over  a  very  wide  range  according  to  its 
design.  Various  estimates  which  had  been  given  to  him  for  such 
a  plant,  delivered  and  erected  on  a  site  provided,  ranged  from 
£75,000  to  £180,000.  No  plant  of  this  description  could  be  ex- 
pected to  operate  at  full  output  for  365  days  a  year.  It  must  be 
shut  down  periodically  for  cleaning,  overhaul  and  repairs;  in  addi- 
tion to  which  market  fluctuations  in  the  demand  for  its  various 
saleable  products  would  necessitate  a  variation  in  its  output.  He 
thought,  accordingly,  we  might  assume  that  the  annual  throughput 
of  coal  in  a  500-ton  a  day  plant  would  not  exceed  150,000  tons.  If, 
therefore,  the  capital  cost  of  the  plant  were  £70,000,  it  would  have 
to  stand  a  charge  in  addition  to  raw  material,  operating  and  other 
costs,  of  £21,000  per  annum  or  2s.  9Jd.  per  ton  of  coal  treated. 
Should  the  plant,  on  the  other  hand,  cost  £180,000,  the  annual 
amount  to  be  debited  to  capital  charges  would  be  £54,000  or  7s.  2|d. 
per  ton,  which  it  would  be  admitted  was  a  very  large  amount  to 
expect  to  obtain  out  of  a  ton  of  coal  on  the  top  of  all  other  costs 
by  merely  converting  it  into  other  forms  of  heat-producing  materials 
of  no  greater  calorific  value  than  the  original. 

He  had  only  quoted  these  two  extreme  cases  in  order  to  emphasise 
what  a  very  serious  part  the  capital  cost  of  such  a  plant  played  in 
the  ultimate  commercial  success  or  failure  of  a  low-temperature 
process  and  to  draw  attention  to  the  great  necessity  for  very  seriously 
studying  this  somewhat  neglected  aspect  of  a  most  fascinating 
but  hitherto  elusive  and  tantahsing  commercial  proposition.  Further- 
more, several  hypothetical  profit  and  loss  accounts  he  had  seen 
which  had  been  compiled  in  order  to  show  prospective  investors 
what  a  mint  of  money  could  be  made  by  various  low-temperature 
processes  over  a  period  of  years,  were  based  on  present-day  prices 
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of  fine  slacks,  either  washed  or  not,  and  no  account  had  been  taken 
of  the  inevitable  rise  which  must  take  place  in  the  market  price  of 
these  small  coals  when  many  low-temperature  plants  of  large  size 
were  operating  in  the  country.  The  sale  price  of  the  semi-coke 
from  plants  designed  to  produce  lump  coke  for  the  domestic  grate 
had  been  taken  in  these  accounts  as  equal  to  or  higher  than  the 
present  market  price  of  house  coal.  This,  again,  was  surely  a  false 
hope,  because  as  Dr.  Lander  and  Dr.  Sinnatt  pointed  out  in  their 
excellent  paper,  the  price  of  lump  coal  must  inevitably  fall  as  the 
demand  for  it  decreased. 

These  remarks  might  sound  pessimistic.  In  fact  they  were  not, 
as  there  was  no  greater  optimist  than  himself  as  to  the  ultimate 
commercial  success  of  low-temperature  treatment;  but  it  was  no 
use  living  in  a  fool's  paradise  and  we  must  all  reaHse  the  absolute 
necessity  of  keeping  down  the  capital  cost  of  the  plants  we  designed, 
and  basing  aU  our  calculations  as  to  future  profits  to  be 
derived  from  our  plants  on  what  we  frankly  beheved  would  be  the 
cost  of  our  raw  material  and  the  sale  value  of  our  products  at  a  date 
when  a  few  million  tons  of  coal  were  being  carbonised  in  this  country 
every  year. 

Dr.  J.  Gram  (Norway)  said  that  Norway,  in  its  new  territory, 
the  islands  of  Spitzbergen,  had  a  special  deposit  of  cannel  coals 
of  such  a  size  that  it  would  serve  as  basis  for  a  good-sized 
carbonisation  plant.  These  coals  had  from  45  to  50  per  cent, 
volatile  content,  and  as  the  yield  of  tar  was  from  16  to  24 
per  cent.,  an  average  of  18  per  cent,  could  be  taken  as  a  safe 
figure  for  carbonisation  purposes.  The  Government,  having  a 
prominent  interest  in  the  mines,  had  realised  this  and  had  erected 
or  helped  to  erect  a  trial  plant  for  about  7,000  tons  in  connection 
with  the  boiler  of  a  chemical  pulp  mill,  which  had  been  running  since 
1925.  The  system  adopted  was  that  of  JuUus  Pintsch,  Berlin. 
It  consisted  in  taking  out  the  tar  and  gas  in  a  smaU  producer  and 
dropping  the  semi-coke  red  hot  on  the  chain  grate. 

The  whole  output  of  tar  from  this  plant  had  been  used  without  any 
distillation  for  impregnating  wood  rail  sleepers  and  telegraph  poles, 
partially  mixing  it  with  ordinary  creosote  oil.  The  reasons  were 
(1)  Creosote  oil  was  very  fluid,  even  at  lower  temperature,  whereas 
this  tar  was  viscous,  almost  sticky  up  to  30°C.,  but  as  liquid  as 
creosote  oil  at  80  to  90°C.,  the  usual  impregnating  temperature.  (2) 
Creosote  oil  lost  up  to  50  per  cent,  by  evaporation  at  normal  tem- 
peratures during  the  summer.  Under  the  same  conditions  the  tar 
would  only  lose  from  5  to  15  per  cent.  (3)  Creosote  oil  was  only 
altered  to  a  smaU  degree  by  the  influence  of  the  air,  while  the  tar, 
through  oxidation  and  poljmrerisation,  would  soon  assume  the 
properties  of  an  asphalt;  this,  in  conjunction  with  its  content  of 
highly  water-repulsing  paraffins,  would  prevent  the  penetration  of 
water  into  the  wood  cells  and  the  displacement  of  the  tar.  Investi- 
gations had  shown  that  creosote  oil  was  evaporated  and  expelled 
from  railway  sleepers  up  to  80  per  cent,  within  six  years,  but, 
logically,  all  the  properties  of  this  tar  would  ensure  its  remaining 
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practically  for  ever  in  the  wood.  (4)  Low-temperature  tars  con- 
tained a  sufficient  amount  of  phenols  and  other  disinfecting  com- 
pounds.    This  was  proved  by  mycological  tests. 

The  price  of  creosote  oil  was,  on  account  of  the  increasing  demand, 
unduly  high,  and  this  tar,  being  more  than  a  substitute,  ought  to 
obtain  at  least  the  same  price.  As  the  trial  plant  could  not  meet  the 
demand,  the  Norwegian  railways  had  during  the  year  imported 
tars  obtained  from  the  low-temperature  distillation  of  lignites. 
These,  however,  were  very  viscous  and  had  to  be  mixed  with  equal 
quantities  of  creosote  oil.  In  this  way  a  market  might  be  obtained 
for  low-temperature  tars  of  high  quality  until  such  time  as  the 
hydrogénation  process  was  fully  developed. 

Colonel  L.  P.  Winby,  M.P.  (Great  Britain),  described  a  process 
with  which  he  was  connected  which,  he  claimed,  possessed  some  rather 
special  features.  The  retort  used  was  an  internally  heated  vertical 
retort.  Part  of  the  gases  of  distillation  were  returned  to  the  top  of  the 
retort  and  were  burned  in  a  restricted  volume  of  air,  so  that  there 
was  no  free  oxygen  to  effect  the  combustion  of  the  charge.  The 
gases  were  all  drawn  downwards  and  out  from  the  bottom  of  the 
retort.  A  zone  of  distillation  was  set  up  at  the  top  which  gradually 
passed  downwards  through  the  whole  charge,  leaving  the  retort  full 
of  smokeless  fuel.  One  of  the  features  of  the  process  was  that  the 
products  of  distillation  were  never  subjected  to  secondary  decom- 
position, inasmuch  as  they  were  drawn  away  at  once  from  the  point 
of  greatest  heat.  The  process  was  applicable  equaUy  to  lignites, 
coal  and  shale.  The  main  features  were  that  there  were  no  working 
parts,  capital  cost  was  low,  depreciation  cost  was  low  and  mainten- 
ance cost  was  low.  The  smokeless  fuel  obtained  was  of  very  good 
quality,  and  in  lump  form;  70  per  cent  of  the  charge  was  obtained 
as  smokeless  fuel,  and  there  was  an  85  per  cent,  recovery  of  the  oil, 
from  the  theoretical  assay.  The  system  was  very  simple.  The 
stage  reached  so  far  was  the  erection  of  a  test  plant  which  would 
carbonise  400  lb.  of  coal  which  had  been  reported  upon  by  the 
British  Government  Fuel  Research  Board.  All  types  of  coal 
had  been  tried,  and  there  had  been  no  difficulty  with  a  plastic  stage. 
The  system  had  reached  a  commercial  stage  in  the  treatment  of  shale 
and  160-ton  retorts  had  been  working  for  some  years  very  success- 
fully.    This  process  was  known  as  the  N.T.U.  process. 

Mr.  Robert  MacL.^urin  (Great  Britain),  commenting  on  Mr. 
Pope's  remarks,  said  that  the  MacLaurin  plant  was  simply  an 
elongated  producer.  Producers  had  been  working  for  half-a-century 
so  he  saw  no  reason  why  depreciation  charges  would  be  high  on  a 
MacLaurin  producer  which  worked  under  more  favourable  con- 
ditions. It  was  very  difficult  to  simplify  further  the  present-day 
MacLaurin  process,  which  had  been  at  work  in  Glasgow  since  1925. 
There  had  been  no  alteration  in  the  producers,  though  there  had 
been  alterations  to  the  accessories,  such  as  blowers,  condensers  and 
things  of  that  sort.  Such  apparatus  had  been  known  for  years. 
He  contended  that  gas  could  be  made  in  the  MacLaurin  plant  more 
cheaply  than  in  an  ordinary  producer,  because  the  oil  obtained  was 
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of  a  value  between  4d.  and  6d.  per  gallon.  There  was  also  produced 
a  smokeless  fuel,  saleable  at  1^  times  the  cost  of  coal.  Because 
of  these  two  valuable  products  gas  could  be  produced  by  the 
MacLaurin  process  quite  definitely  at  less  than  the  price  of 
ordinary  producer  gas. 

The  gas  produced  by  the  MacLaurin  process  was  of  very  much 
better  quality  than  ordinary  producer  gas,  because  it  contained 
from  10  to  12  per  cent,  of  methane,  and  it  was  admirably  suited, 
therefore,  for  use  in  brickworks,  steel  works  and  other  works  requir- 

ng  high  temperatures.  Incidentally,  he  recalled  that  a  good  deal 
had  been  said  during  the  Conference  with  regard  to  the  use  of  low- 
temperature  carbonisation  in  connection  with  electricity  works. 
This  involved  the  use  of  the  gas  for  steam  raising,  and,  inasmuch 
as  steam  raising  was  the  lowest  use  to  which  gas  could  be  put,  he 
considered  that  the  World  Power  Conference  would  be  on  the 
wrong  lines  in  advocating  low-temperature  carbonisation  in  this 
connection.  So  long  as  gas  could  be  used  for  the  iron  and  steel 
industry  and  other  industries  requiring  high  temperatures,  it  was 
foolish  to  use  it  for  steam  raising. 

The  Fuel  Research  Board  had  recentlv  completed  an  investigation 
of  the  MacLaurin  plant  as  operated  at  Glasgow,  and  the  results 
would  be  published  shortly.  A  MacLaurin  plant  was  now  in  opera- 
tion at  Nuneaton,  and  whereas  gas  was  being  produced  normally 
in  vertical  retorts  at  other  places  at  a  cost  of  from  3d.  to  5d.  per 
therm,  it  could  be  produced  at  Nuneaton  at  less  than  IJd.  per 
therm,  even  on  a  throughput  of  only  15  tons  of  coal  per  day.  The 
labour  cost  involved  on  that  plant  was  the  wage  of  one  man  per 
eight-hour  shift;  the  power  was  24  kW.  per  day,  or  practically  1  \  kW. 
per  ton  of  coal;  the  steam  was  from  250  to  500  lb.  The  depreciation 
charge  would  be  extremely  low. 

With  regard  to  caking  indices  of  coals,  he  said  that  it  was  stated  in  the 
paper  by  Dr.  Lander  and  Dr.  Sinnatt  (02)  that  for  the  MacLaurin 
plant  coals  possessing  caking  indices  between  eight  and  sixteen  were 
suitable,  though  coals  with  indices  as  high  as  twenty-three  had  been 
treated.  The  plant  at  Nuneaton,  however,  was  dealing  with  War- 
wickshire coals  of  very  low  caking  power,  and  Warwickshire  slate 
coal  such  as  that  referred  to  in  the  paper  as  having  a  caking  index  of 
four,  produced  a  remarkably  good  firm  coke.  It  was  also  stated 
in  the  paper  that  the  sizes  preferred  were  treble  nuts  and  upwards, 
but  at  Nuneaton  the  plant  was  actually  handling  single  nuts  success- 
fully— coal  selling  at  the  colliery  at  about  lis.  6d.  per  ton. 

Mr.  H.  Vax  Hettinga  Tromp  (Dutch  East  Indies)  said  that  low- 
temperature  carbonisation  was  of  particular  interest  in  the  Nether- 
lands Indies  some  years  ago,  because  at  first  sight  it  seemed  to  offer 
prospect  of  making  a  more  economical  use  of  the  large  amount  of 
very  gassy  coal  than  was  previously  possible,  this  coal  being  non- 
caking  on  account  of  its  chemical  constitution.  Laboratory  tests 
with  a  small  furnace,  as  used  in  Germany  for  testing  coal  under  low- 
temperature  carbonisation,  were,  however,  unsatisfactory,  as  might 
have  been  prophesied  before,  had  they  known  the  properties  of  the 
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coal  as  regards  its  bitumen  content;  by  which  he  meant  only  the 
bitumen  composed  of  neutral  hydrocarbons.  The  low-temperature 
tar,  which  amounted  to  about  14  per  cent.,  was  composed  for  the 
most  part  of  tar  acids  of  very  low  value.  In  his  opinion,  the  low- 
temperature  carbonisation  process  would  never  be  a  success  as  long 
as  the  coal  yielded  a  large  amount  of  tar  acids,  which  were  of  very 
little  value,  unless  this  tar  was  reduced  by  hydrogénation,  because 
the  cracking  process  was  not  able,  as  far  as  he  knew,  to  decompose 
the  phenol  acids.  The  same  thing  applied  to  all  coals  which  did  not 
contain  an  appreciable  percentage  of  the  neutral  hydrocompound 
in  their  tar.  It  was  true  that  with  the  exception  of  the  real  bitu- 
minous coal,  e.g.,  the  Schwel  coal  of  Central  Germany,  and  the 
cannel  coals,  the  greater  portion  of  the  coal  in  the  world  did  not 
yield  a  high  percentage  of  neutral  compounds  by  low-temperature 
carbonisation.  The  reason  for  this  was  easily  understood,  if  we 
kept  in  mind  the  fact  that  the  most  important  compound  of  coal  was 
the  lignine  (or  "ulmin")  substance,  which  was  derived  from  the 
original  vegetable  compound,  lignine,  with  the  chief  constituent 
aglycone.  During  the  process  of  hydrolysis,  oxidation,  pyrogenation , 
polymerisation  and  aldolisation,  known  as  coalification,  the  benzol 
nucleus  remained  practically  unaltered,  and  it  was  for  that  reason 
that  in  the  resulting  ulmin  substance — the  chief  compound  of 
ordinary  coal — the  aromatic  character  had  not  changed.  (The  word 
aglycone  meant  non-sugar,  glucose  or  gummy  content.  With  the 
latter  main  substances  it  built  up  in  a  colloidal  or  glucoside-like 
combination  the  real  lignine  or  wood  substance  of  the  plant.) 

Besides  the  ulmin  the  coal  contained  a  very  small  percentage  of 
real  bitumen  derived  from  the  wax,  resin  and  fat  compounds  of  the 
original  plant  material;  but  even  in  this  bitumen  only  th  A  percentage 
had  real  value  in  the  tar,  which  contained  the  neutral  hydrocarbons, 
as  he  had  previously  explained.  By  reason  of  the  large  amount  of 
the  paraffin  hydro-carbon  in  the  "Schwelkohle"  of  Germany,  the  low- 
temperature  carbonisation  process  had  proved  a  success  in  that 
country;  but  where  the  coal  did  not  contain  these  valuable  com- 
pounds, the  process  was  far  from  successful,  as  was  shown  in  paper 
K3.  although  the  author.  Dr.  Heinze,  did  not  emphasise  this  factor. 
Dr.  Sinnatt,  in  discussing  the  paper  by  Rosin  (Kl),  stated  that  the 
chief  value  of  the  brown  coal  was  in  the  tar  it  contained  and  that 
the  lowest  economic  limit  might  be  considered  to  be  14  per  cent, 
on  the  dry  lignite,  but  to  this  should  be  added,  in  his  own  opinion, 
that  the  tar  must  contain  to  a  large  extent  the  paraffin  hydro- 
carbons, in  order  to  be  economically  distilled.  He  had  been  rather 
disappointed  in  not  finding  any  figures  of  costs  in  the  paper  by 
Lander  and  Sinnatt,  and  he  had  heard  from  others  that  it  was  on 
account  of  high  costs  that  low-temperature  carbonisation  had  not 
proved  a  success  in  every  instance  in  Great  Britain.  The  same 
authors  stated  that  if  the  40  million  tons  of  coal  used  in  Great  Britain 
for  domestic  purposes  were  replaced  by  smokeless  fuel,  the  pro- 
duction of  rich  gas  could  only  be  dealt  with  through  the  gas  industry. 
What,  however,  was  to  be  done  with  the  five  or  six  million  tons  of 
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tar  containing  a  considerable  amount  of  acids?  In  his  opinion 
the  low-temperature  carbonisation  process  would  never  be  a  success 
in  Great  Britain  because  of  this  large  amount  of  acid  tars  of  very 
low  value;  and  high-temperature  carbonisation  was  the  better 
process,  as  tie  tar  produced  was  of  higher  quality  owing  to  the 
reducing  action  of  the  hydrogen  in  the  coke-oven  gases  on  the 
phenol-acids  at  temperatures  higher  than  750°C.,  resulting  in  the 
formation  of  benzol,  toluol,  xylol  and  naphthalene.  In  the  pro- 
duction of  smokeless  fuel,  therefore,  he  ventured  to  suggest  that 
it  would  be  better  for  Great  Britain  not  to  spend  so  much  money 
in  building  low-temperature  carbonisation  plants,  but  to  make 
briquettes  of  coke  breeze  by  mixing  it  with,  say,  8  per  cent,  of  pitch, 
which  could  easily  and  cheaply  be  secured. 

There  still  remained  the  question  of  spontaneous  combustion  in 
relation  to  the  "Schwelkoks."  What  was  the  percentage  of  water 
that  remained  in  the  coke  after  being  treated  by  the  first  of  the  three 
methods  indicated  by  Dr.  Rosin  in  Dr.  Heinze's  paper,  and  the 
total  tonnage  of  coke  that  was  treated  in  that  way?  It  seemed 
stra-  ge  to  treat  the  coke  with  saturated  steam  and  again  to  introduce 
in  that  way  moisture  to  the  coke,  whereas  the  aim  of  the  whole 
method  consisted  in  preventing  the  coke  from  absorbing  water. 

Mr.  John  Roberts  (Great  Britain)  said  that  the  paper  by  Dr. 
Lander  and  Dr.  Sinnatt  enabled  one  to  obtain  a  proper  perspective  of 
the  low-temperature  carbonisation  position  in  this  country.  He 
had  no  doubt  that  a  number  of  low-temperature  carbonisation 
processes  would  prove  successful;  at  any  rate,  he  sincerely  hoped 
they  would.  The  MacLaurin  plant,  for  instance,  had  already  proved 
successful  to  a  certain  extent.  There  was  a  good  deal  of  loose  talk, 
however,  in  connection  with  low-temperature  processes.  There 
had  been  brought  to  the  notice  of  the  delegates  at  this  Conference, 
for  instance,  a  statement  to  the  effect  that  engineers  and  chemists 
were  unanimously  of  the  opinion  that  low-temperature  carbonisation 
was  the  only  method  by  which  we  should  be  able  to  produce  a  readily 
ignitable  smokeless  fuel.  He  fancied  that  he  could  detect  the  hand- 
writing of  an  individual  who  had  been  saying  the  same  thing  for 
twenty  years  but  had  not  yet  delivered  the  goods. 

A  point  to  be  borne  in  mind  was  that  although  a  very  good  fuel, 
and  one  which  was  always  to  be  preferred  to  raw  coal,  could  be  made 
under  low-temperature  conditions,  the  advantage  which  the  low- 
temperature  processes  had  formerly  held  in  that  direction  had  de- 
finitely been  lost,  because  it  had  been  proved  that  a  fuel  which 
would  serve  the  same  purpose  could  be  produced  under  high-tem- 
perature conditions.  There  were  people  who  considered  that  low- 
temperature  carbonisation  was  going  to  lead  the  van  in  this  matter, 
but  he  did  not  accept  that  view.  There  were  two  very  old  horses 
that  had  been  in  the  shafts  for  a  number  of  years — the  coke  oven 
industry  and  the  gas  industry — and  once  those  two  horses  began 
to  pull  in  double  harness  a  great  deal  more  rapid  progress  would  be 
made.  It  might  be  that  they  would  use  the  low-temperature  horse 
in  chains,  but  if  the  latter  did  not  work  hard  in  chains  he  (Mr. 
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Roberts)  was  inclined  to  think  that  the  high-temperature  industry 
would  simply  hitch  him  up. 

There  was  room  for  co-operation,  As  an  example  of  successful 
co-operation  he  referred  to  the  practice  in  Germany,  in  connection 
with  the  K.S.G.  system,  in  which  coal  was  carbonised  at  a  low 
temperature  in  a  rotary  retort,  and  the  fines  from  the  process  were 
returned  to  the  coke  ovens  to  be  blended  with  coal  for  the  manu- 
facture of  metallurgical  coke.  Whereas  formerly  it  had  been  neces- 
sary to  stamp  the  charges  in  these  old  ovens,  stamping  had  now 
been  done  away  with.  Finally,  he  mentioned  a  system  of  making 
smokeless  fuel  at  high  temperature,  an  article  in  regard  to  which  had 
been  published  recently  {Colliery  Engineering,  Sept.,  1928). 

Lt. -Colonel  N.  G.  Thwaites  (Great  Britain)  said  that  there 
appeared  to  be  .some  doubt  on  the  part  of  Dr.  Landerand  Dr.  Sinnatt 
as  to  whether  the  oil  and  tars  produced  by  the  low-temperature 
process  could  compete  with  crude  petroleum.  He  believed  it  was  a 
fact,  however,  that  to-day  a  very  much  higher  price  was  obtained 
for  low-temperature  oil;  the  price,  he  believed,  was  over  100s.  per 
ton,  whereas  the  price  obtained  for  crude  petroleum  was  something 
like  70s.  per  ton.  It  was  gratifying  to  discover,  from  the  paper 
contributed  by  the  experts  of  the  Fuel  Research  Board,  a  spirit  of 
optimism  which  was  not  manifest  two  or  three  years  ago.  The 
scientists  and  business  men  who  had  been  trying  to  bring  low- 
temperature  carbonisation  to  a  state  of  commercial  possibility  were 
now  being  supported  by  persons  who  in  the  past  were  at  least 
inclined  to  be  pessimistic,  and  to  some  extent  apathetic. 

He  was  rather  impressed  by  the  discovery  that  the  Gas  Light 
and  Coke  Company  were  now  experimenting  (at  the  taxpayers' 
expense,  he  understood)  in  the  matter  of  low-temperature  car- 
bonisation; there  was  a  touch  of  irony  or  humour  about  that. 
It  seemed  rather  absurd  when  one  remembered  that  the  gas 
companies,  and  particularly  the  Gas  Light  &  Coke  Company, 
had  not  been  helpful  in  the  past;  it  was  rather  like  asking  a  butcher 
to  recommend  a  vegetarian  diet.  He  only  hoped  that  by  this  time 
the  instruction  which  had  been  given  by  a  great  many  enthusiasts 
would  penetrate  the  patriotic  skulls  of  the  people  associated  with 
the  gas  industry. 

With  regard  to  the  solid  smokeless  fuel  produced  by  the  low- 
temperature  process,  which  fuel  had  been  sold  for  twenty  years 
in  growing  quantities,  and  which  he  had  burned  for  all  kinds 
of  purposes  for  the  last  ten  years,  there  was  no  doubt  in  the  minds 
of  those  who  used  it  that  it  was  superior  to  the  raw  material  which 
we  had  been  wasting  in  a  criminal  way  for  hundreds  of  years.  The 
great  problem  to-day  in  regard  to  low-temperature  carbonisation 
was  the  initial  cost  of  erection  of  the  plant,  and  if  we  could  reduce 
that  cost  and  operation  cost  he  believed  the  problem  would  be 
solved  entirely.  He  understood  that  the  costs  in  connection  with 
recent  plants  at  Erith  and  at  Barnsley  had  been  very  much  reduced, 
and  he  predicted  that  low-temperature  carbonisation  would  develop 
very  rapidly  in  the  future.     The  apathetic  should  be  stirred  up,  and 
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the  enthusiasts  encouraged.  He  was  finding  constantly  that  his 
friends  from  across  the  Atlantic  were  going  to  France  and  other 
places  instead  of  England,  because  of  England's  gloomy  and  foggy 
atmosphere.  Pittsburgh  and  New  York,  where  he  had  resided,  had 
both  been  improved  enormously  in  this  connection,  and  in  the 
interests  of  health  and  wealth  we  should  do  something  to  improve 
conditions  here  by  burning  smokeless  fuel.  Otherwise  it  was  useless 
to  expect  success  for  the  "Come  to  England"  movement. 

Col.  W.  a.  Bristow  (Great  Britain)  said  there  were  many  interests 
looking  very  anxiously  at  what  was  being  done  in  connection  with 
low-temperature  carbonisation,  in  order  that  they  might  determine 
whether  it  would  help  them  in  their  various  spheres,  whether  they 
were  colliery  people,  oil  producers,  smokeless  fuel  producers,  smoke 
abatement  enthusiasts  or  what  not.  Therefore,  it  was  important 
that  the  delegates  should  not  be  allowed  to  go  away  from  a  Confer- 
ence of  this  character  with  either  too  much  optimism  or  with  too 
pessimistic  a  view  as  to  what  was  being  done.  At  the  moment  he 
was  afraid  that  they  would  carry  away  too  pessimistic  a  view.  It 
was  quite  proper  that  Dr.  Lander  and  Dr.  Sinnatt  should  write  with 
reserve  on  this  matter;  one  could  hardly  expect  them  to  do  other- 
wise, having  regard  to  their  position.  Having  in  view  the  invitation 
which  Dr.  Sinnatt  had  extended  to  the  meeting,  however,  it  was  well 
that  there  should  be  made  an  exact  statement  of  fact  as  to  the 
position  in  this  country  to-day. 

The  low-temperature  carbonisation  industry  in  this  country  had 
been  developed  during  the  past  twenty-two  years,  but  it  was  only 
within  the  last  two  years  that  anything  really  serious  had  been 
accomplished;  when  he  talked  of  something  serious  in  this  con- 
nection, he  meant  the  production  of  a  process  which  would  work 
well  without  difficulties.  He  himself  was  connected  with  the 
development  of  the  "Coalite"  process  in  this  country  (the  Parker 
process),  and  as  a  result  of  the  work  carried  out  during  the  past 
year  or  so,  during  which  there  had  been  in  continuous  operation 
160  full-scale  retorts,  carbonising  1,750  tons  of  coal  per  week,  he 
was  in  possession  of  indisputable  evidence  to  prove  that  the  process 
had  arrived  at  a  stage  at  which  technical  difficulties  had  been  over- 
come and  commercial  success  assured.  The  evidence  arising  from 
the  operation  of  the  plant  might  be  summarised  as  follows' — 

(  1  )  The  present  Parker  retort  was  capable  of  distilling  continuously 
a  wide  range  of  washed  coals,  coking  or  non-coking,  and  could 
always  be  discharged  without  difficulty; 

(2)  that  the  evidence  on  this  point  was  derived  from  the  operation 
of  160  retorts,  most  of  which  had  been  in  operation  for  more  than  a 
year,  and  v  ere  carbonising  1,750  tons  per  week; 

(3)  that  the  cost  of  upkeep  and  renewal  had  been  negligible,  and 
not  one  single  retort  of  the  160  had  had  to  be  put  out  of  action; 

(4)  that  the  cost  of  labour  for  operating  the  process  was  less  than 
3s.  per  ton,  and  at  the  second  works  would  be  only  a  little  over  2s.; 

(5)  that  the  solid  residue  produced,  which  was  sold  as  "Coalite," 
was  very  much  appreciated  by  the  public.     It  could  be  transported 

1114 


DISCUSSION 

without  breaking  into  smalls.  The  whole  output  of  the  works  was 
delivered  as  made,  and  the  demand  for  the  product  was  already 
much  greater  than  could  be  met  until  more  works  reached  the 
production  stage; 

(6)  that  the  price  paid,  and  readily  paid,  for  the  fuel  was  the  same 
as  that  paid  for  what  was  called  best  household  coal,  and  was  greatly 
in  excess  of  what  the  public  would  pay  for  any  variety  of  high- 
temperature  coke; 

(7)  that  the  by-products — coal,  oil  and  crude  spirit — were  produced 
at  the  rate  of  from  30,000  to  35,000  gallons  per  week,  of  a  quality 
which  ensured  a  steady  sale,  and  that  the  price  realised  enabled  the 
solid  residue  to  be  sold  profitably  at  an  economic  price; 

(8)  that  sufficient  work  had  been  carried  out  on  the  coal  oil  to 
prove  that  by  hydrogenative  cracking  even  the  present  price  might 
be  considerably  improved  upon,  and 

(9)  that  the  gross  profit  weekly,  as  shown  by  the  works  balance 
sheets,  represented  a  larger  percentage  than  that  derived  from  any 
other  branch  of  the  coal  or  carbonisation  industry. 

Continuing,  Col.  Bristow  said  that  in  the  Fuel  Supplement  of  the 
Manchester  Guardian  a  few  weeks  previously,  his  Company  had 
published  an  open  invitation  to  any  experts  to  visit  the  works  and 
to  confirm  for  themselves  the  state  to  which  the  Company  had  raised 
this  very  important  industry.  More  they  could  not  do,  and  he  bade 
the  authors  of  the  paper  take  heart,  because  things  were  obviously 
very  much  better  than  they  appeared  to  think.  He  was  not  im- 
pressed, he  said,  by  last  minute  repentance  of  the  high-temperature 
coke  producers.  Immediately  following  the  first  production  of 
low-temperature  smokeless  fuel  a  widely-advertised  declaration 
was  made  that  high -temperature  coke  would  do  all  that  the  former 
could  do.  Now  that  his  firm  were  manufacturing  low  temperature 
smokeless  fuel  satisfactorily,  and  were  selling  all  they  could  make, 
there  was  a  recrudescence  of  interest  on  the  part  of  the  high-tem- 
perature coke  producers.  Why  had  they  not  taken  an  interest  in  it 
during  the  last  twenty  years?  Had  there  been  no  need  to  improve 
the  hundreds  of  thousands  or  millions  of  tons  of  coke  produced 
during  that  period?  Why  was  it  that  among  a  large  section  of  the 
community  the  greatest  insult  one  could  hurl  at  anyone  was  to 
advise  him  to  "go  and  eat  coke"?  Was  not  that  a  sufficient 
commentary  on  the  genuineness  of  their  present  claims? 

Dr.  Roy  Illingworth  (Great  Britain)  said  he  felt  that  low- 
temperature  carbonisation  must  stand  on  its  own  feet,  or,  if  it  had 
not  got  feet,  it  must  lie  down  and  go  out  of  action.  Very  often  too 
great  claims  were  made  for  the  process,  and  he  felt  that  it  would 
be  far  better  if,  instead  of  having  speakers  going  round  the 
country  advertising  particular  activities,  we  should  deal  more 
particularly,  as  scientists,  with  the  scientific  basis  of  it  and  let  the 
particular  plants  erected  speak  for  themselves. 

A  low-temperature  carbonisation  plant  must  be  very  simple  in 
design,  its  maintenance  costs  must  be  very  low  and  it  should  be  such 
that  one  could  go  to  bed  at  night  knowing,  not  merely  hoping,  that 
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in  the  morning  it  would  still  be  working.  Plants  should  be  designed 
with  due  regard  to  the  chemical  nature  of  the  coal  to  be  dealt  with. 
He  did  not  mean  that  a  particular  plant  was  necessary  for  every  ton 
of  coal  dealt  with,  or  anything  of  that  sort,  but  there  were  eight  or 
nine  typical  classes  of  coal,  and  each  of  them  had  to  be  treated  on 
its  merits.  He  had  commenced  wasting  money  in  the  early  stages 
on  a  pre-heating  process,  the  purpose  of  which  was  to  eliminate  the 
leavening  influence  of  the  coal;  after  the  pre-heating,  the  coal  was 
carbonised.  The  costs  were  rather  high.  Since  then  he  had  been 
able  to  evolve  a  simple  plant,  incorporating  the  whole  of  our  scientific 
attitude  to  coal  and  in  which  anv  type  of  coal  could  be  carbonised. 
The  retort  was  reall}'  a  chamber  oven  with  cast  iron  "  H"  pieces  across 
it,  and  these  could  be  readily  designed  to  suit  any  particular  class  of 
coal.  It  had  carbonised  coals  from  Durham,  Wales  and  Kent;  very 
highly  swelling  coals,  in  the  fine  state;  which  meant  that  they  were 
in  the  best  condition  for  swelling.  One  could  very  often  beg  the 
question  by  using  coal  of  large  size  or  by  selecting  the  coal  specially, 
but  it  was  necessary  to  have  a  process  which  would  treat  most 
varieties  of  coal.  The  plant  had  been  in  operation  for  five  years 
and  was  still  working.  The  maintenance  costs  were  also  extremely 
low,  and  anybody  who  was  interested  was  at  liberty  to  inspect  it; 
he  was  quite  prepared  to  call  attention  to  its  faults  as  well  as  to  its 
virtues.  Tests  had  been  carried  out  by  experts  from  different  com- 
panies, and  a  plant  was  being  installed  in  Kent  for  Messrs.  Pearson, 
Dorman  &  Long. 

He  did  not  believe  in  snap  prices  for  products  and  snap  balance 
sheets.  A  price  of  2Jd.  per  gallon  was  the  maximum  that  one  could 
expect  for  low-temperature  tar,  and  one  ought  to  visuahse  paying 
at  least  14s.  per  ton  for  the  coal.  One  ought  to  visualise  also 
placing  the  solid  fuel  on  the  market  at  /I  per  ton;  and  with  regard 
to  the  gas  produced,  it  was  only  under  certain  conditions  that  a  low- 
temperature  process  was  so  situated  as  to  be  able  to  utilise  that  gas; 
so  that  it  could  not  be  placed  on  the  credit  side  of  the  account.  The 
immediate  position  which  low-temperature  carbonisation  could 
take  was  in  no  sense  antagonistic  to  any  other  industry;  if  condi- 
tions permitted,  low-temperature  plants  could  enhance  the  value  of 
small  coal,  and  could  turn  out  a  solid  smokeless  fuel  which  the  com- 
munity would  assimilate. 

Finally,  he  regretted  that  sometimes  people  were  heard  to  say  that 
low-temperature  carbonisation  ought  to  be  dead;  there  were  some 
people  who  thought  that  high-temperature  carbonisation  ought  to 
receive  the  old-age  pension.  We  all  possessed  a  certain  amount  of 
altruism,  and  should  not  wish  to  write  R.I. P.  over  anything,  unless 
we  wrote  R.I. P.  over  carbonisation  in  toto;  but  in  the  latter  case  the 
letters  would  stand  for  "Research — Investigation — Progress." 

Professor  C.  Padovani  (Italy)  after  expressing  admiration  of 
the  work  done  by  Dr.  Lander  and  his  collaborators  at  the  Fuel 
Research  Station  in  connection  with  low-temperature  carbonisation, 
and  of  the  way  in  which  the  problem  had  been  dealt  with  in  the 
papers  submitted  to  the  Section,  said  that  a  good  deal  of  work  had 
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been  carried  out  in  Itaty.  The  process  was  of  great  interest  to  Italy 
as  a  means  of  increasing  the  value  of  its  low-grade  fuels  and  of  pro- 
ducing liquid  fuels.  The  possibilities  of  the  process  there  were 
obvioush'  smaller  than  in  other  countries,  owing  to  the  small  quanti- 
ties of  lignites  produced  yearly.  The  annual  production  possibly 
was  only  from  2  to  4  million  tons  of  lignite  per  annum;  a  greater 
quantity  could  not  be  produced  for  fear  of  exhausting  supplies  too 
quickly.  The  Fuel  Section  in  Milan  had  carried  out  a  study  on  a 
laboratory  sale  of  the  low-temperature  distillation  of  fifteen  kinds 
of  Italian  fuels,  and  this  study  had  demonstrated  how  very  widely 
the  results  obtained  with  different  fuels  varied  and  how  greatly  the 
possibilities  of  the  process  were  influenced  by  those  different  fuels. 
As  showing  how  greatly  the  lignites  varied  in  character,  even  though 
produced  from  the  same  mine,  he  said  that  in  the  most  important 
Italian  mine  there  were  two  different  types  of  lignite,  one  of  which 
yielded  25  per  cent.,  and  the  other  6  per  cent.,  of  tar  and  the  tars 
differed  in  quality  also.  The  results  of  the  study  he  had  referred 
to  had  already  been  published  in  the  Italian  technical  press,  and 
were  also  made  public  in  a  communication  he  had  made  at  a  Congress 
of  Industrial  Chemistry  in  Paris  last  October.  At  present,  some 
industrial  experimental  low-temperature  distillation  plants  were 
working  in  Italy  and  the  results  achieved  were  expected  to  be  avail- 
able in  the  near  future.  Experiments  were  also  being  carried  out 
with  a  view  to  determining  the  best  use  to  which  the  tars  produced 
could  be  put.  He  did  not  think  that  low-temperature  carbonisation 
would  be  developed  extensively  in  Italy,  unless  a  convenient  method 
could  be  found  of  enhancing  the  value  of  the  tars  produced  and  of 
utilising  the  semi-cokes  in  a  manner  other  than  by  direct  combus- 
tion. A  development  of  the  method  of  synthetic  preparation  of 
liquid  products  from  water  gas  would  increase  the  value  of  the 
semi-cokes.  Italy  looked  forward  to  the  development  of  processes 
for  obtaining  liquid  fuels  from  solid  fuels. 

Mr.  E.  Stansfield  (Canada),  in  view  of  the  fact  that  people  in 
Alberta  were  frequently  approached  by  supporters  of  low-tempera- 
ture processes  who  were  obviously  markedly  ignorant  of  the  econ- 
omic conditions  in  Western  Canada,  gave  some  information  with 
regard  to  those  conditions;  for  it  was  important  that  they  should 
be  known  by  people  who  proposed  to  install  low-temperature  plants 
there. 

In  Alberta  there  were  very  large  deposits  of  a  very  wide  range  of 
coals,  from  the  high-grade  bituminous  to  the  lignitic  coals  or  so- 
called  domestic  coals,  these  so-called  domestic  coals  being  naturally 
smokeless.  Those  who  were  considering  the  installation  of  low- 
temperature  distillation  plants  must  have  regard  to  the  values  of  the 
products  obtained,  and  to  the  problem  of  disposing  of  those 
problems.  For  instance,  if  the  gas  produced  were  not  used  in  the 
process,  could  it  compete  in  the  market  with  the  natural  gas,  which 
latter  was  so  plentiful  in  Western  Canada  that  millions  of  cu.  ft.  of 
it  were  wasted  daily?  Again,  could  low-temperature  tar  compete 
with  the  natural  petroleum  or  even  with  the  bitumen  available  from 
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the  enormous  deposits  of  bituminous  sands  in  the  North  of  Alberta? 
Could  the  semi-coke  compete  with  the  natural  smokeless  fuels  that 
were  mined?  The  semi-coke  would  be  at  a  great  disadvantage  in 
competition  with  the  natural  coals,  because  at  present  the  freight 
charges  on  coke  were  higher  than  those  on  coal,  so  that  if  it  were  to 
be  sent  to  distant  markets  the  cost  of  haulage  would  be  greater  than 
in  the  case  of  natural  coals. 

Discussing  the  possibility  of  an  opening  for  the  low-temperature 
process  under  the  conditions  prevailing,  the  speaker  said  there  were 
some  coals  in  Alberta  which  could  be  won  by  open  cut  mining,  and 
which  could  be  mined  cheaply,  therefore.  The3'  were  not  good  stor  ng 
coals,  and  the  domestic  market  was  limited  to  a  few  months  in  the 
year.  The  placing  of  the  coals  on  the  better  markets  involved  long 
rail  hauls,  and  the  heating  value  of  the  raw  coal  was  comparatively 
low,  so  that  the  cost  of  rail  haul  per  therm  was  high.  The  economic 
possibilities,  in  his  view,  were  in  the  direction  of  an  extremely  simple 
carbonisation  process  for  the  purpose  of  up-grading  that  fuel.  Being 
non-coking,  the  coals  could  be  carbonised  cheaply.  The  up-grading, 
however,  must  be  followed  by  briquetting,  if  and  when  a  cheap, 
smokeless,  weatherproof  binder  was  perfected.  Briquetting  was 
necessary  in  order  to  avoid  the  extra  freight  charges  which  the  fuel 
would  have  to  bear  if  transported  in  the  semi-coke  condition,  and 
because  it  was  necessary  to  have  a  domestic  fuel  which  would  be 
clean  and  non-friable.  Such  a  plant  as  he  had  visualised  might 
work  for  the  whole  twelve  months  of  the  year,  sending  out  the 
products  to  the  more  distant  markets  when  required. 

In  urging  that  something  more  should  be  done  in  the  direction  of 
smoke  abatement  in  England,  he  said  that  what  we  referred  to  as  a 
smoke  "nuisance"  was  a  crime.  Britishers  did  not  realise  the 
seriousness  of  the  situation.  When  returning  to  England  after 
years  of  residence  in  a  sunny  climate,  he  had  realised  as  never  before 
the  immense  loss  this  country  suffered  through  smoke.  If  either 
low-temperature  or  high-temperature  carbonisation  could  solve  the 
problem,  he  urged  that  we  should  all  put  our  shoulders  to  the  wheel 
and  should  a  low  nothing  to  stand  in  the  way  of  progress.  He 
pleaded  for  research,  vision  and  industrial  courage. 

Dr.  Thole  (Great  Britain)  emphasised  the  importance  of  the  state- 
ment in  the  paper  by  Dr.  Lander  and  Dr.  Sinnatt,  that  if  low- 
temperature  processes  were  to  show  a  reasonable  profit,  not  only 
the  solid  products,  but  the  tar  and  the  gas  must  all  be  utilised  to 
the  full — and  profitably.  There  appeared  to  be  little  doubt  that 
the  gas  was  of  excellent  quality,  and,  provided  it  could  be  trans- 
ported to  the  point  of  user — and  there  the  gas  companies'  organisa- 
tion seemed  to  be  demanded — it  should  produce  a  good  profit.  The 
value  or  otherwise  of  the  solid  fuel  depended  almost  entirely  upon 
the  raw  material  from  which  it  was  produced;  some  grades  of  solid 
fuel  were  practically  valueless;  others  had  a  very  high  market  value. 

With  regard  to  the  liquid  products,  it  had  already  been  stated  that 
the  aqueous  portion  contained  practically  no  ammonia,  and  was 
more  a  liability  than  an  asset.     With  regard  to  the  non-aqueous 
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portion,  there  was  a  serious  need  for  a  new  name.  Most  pros- 
pectuses in  the  past  had  referred  to  it  as  oil,  but  it  was  certainly  not 
oil  in  the  ordinarily  understood  sense  of  the  word.  It  was  more 
often  referred  to  nowadays  as  tar,  and  it  was  certainly  more  like 
tar  than  oil;  but  it  differed  in  a  great  many  properties,  particularly 
as  regards  value,  from  high-temperature  coal  tar. 

Discussing  the  question  as  to  what  should  be  done  with  it,  the 
speaker  said  it  contained  25  per  cent,  of  a  pitch  which  was  very 
definitely  inferior  in  many  qualities  to  the  pitch  from  high-tempera- 
ture tar.  It  contained  a  spirit — and  further  spirit  could  be  stripped 
from  the  gas — which  could  be  looked  upon  as  a  definite  asset.  It 
was  of  very  good  quality,  although  it  needed  more  refining,  and  he 
pointed  out  in  this  connection  that  refining  losses  were  greater  in  the 
case  of  this  spirit  than  in  the  case  of  the  corresponding  spirit  obtained 
from  crude  petroleum.  With  regard  to  the  product  lying  between 
the  spirit  and  the  pitch  a  serious  problem  arose.  Whether  or  not 
it  could  be  used  as  a  fuel  directly  depended  upon  its  origin.  If  it 
were  made  from  a  cannel  it  was  probably  solid  at  ordinary  tempera- 
tures, and,  therefore,  was  of  no  use  at  all  as  a  substitute  for  petro- 
leum fuel  oil.  Again,  its  value  as  a  fuel  oil  must  be  smaller  than 
that  of  petroleum  fuel  oil — and  that  was  low  enough,  in  all  conscience 
— because  of  its  lower  calorific  value.  It  contained  large  quantities 
of  phenols,  and  the  question  had  to  be  considered  as  to  whether 
these  were  of  value  or  were  a  detriment.  On  the  small  scale  on 
which  these  tars  had  been  refined  so  far  their  values  had  been 
magnified,  and  he  emphasised  that  the  liquid  products  had  by  no 
means  the  value  frequently  attributed  to  them,  while  the  methods 
of  working  them  up  into  finished  products  were  so  far  unknown. 

Dr.  a.  E.  Dunstan  (Great  Britain)  said  he  could  speak  with  some 
experience  of  the  problem  of  utilising  low-temperature  tars,  because 
he  had  been  associated  with  Tozer  some  fifteen  years  ago  in  his  work 
at  Battersea,  and  Tozer  was  one  of  the  pioneers  in  this  work.  Later 
he  had  had  the  opportunity  of  examining  a  large  number  of  tars, 
and  during  the  last  two  or  three  years  had  been  associated  with  Dr. 
Lander  and  Dr.  Sinnatt  in  their  work  at  the  Fuel  Research  Station. 
Low-temperature  tar  required  to  have  applied  to  it  a  technique  of 
its  own,  and  it  was  of  no  use  trying  to  apply  the  ordinary  routine 
methods  of  distillation  current  in  the  high-temperature  tar  industry. 
He  emphasised  that  petroleum  chemists  were  no  less  interested  than 
others  in  indigenous  supplies  in  this  country,  having  regard  to  their 
experience  during  the  war.  They  welcomed  every  possible  source 
of  oil,  petrol,  coal  tar  and  low-temperature  tar,  and  were  out  to 
make  the  best  use  of  them,  and  their  work  had  been  directed  to  new 
methods  of  getting  the  maximum  value  out  of  coal. 

Many  experiments  had  been  carried  out  on  the  cracking  of  the  oils 
obtained  from  coal,  and  he  had  hoped  that  Dr.  Egloff  would  have 
mentioned  h»s  work  in  the  United  States,  because  that  work  and  the 
work  being  done  in  this  country  were  complementary.  From  a  ton 
of  ordinary  bituminous  coal  we  could  get  about  two  gallons  of 
straight  run  spirit,  of  a  high  anti-knock  value,  practically  equivalent 
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to  that  of  benzol  in  the  internal  combustion  engine.  Possibly  an- 
other gallon  or  so  could  be  stripped  from  the  gases.  There  was  left 
a  product  boiling  above  200^^6.,  partly  hydrocarbon,  partly  phenolic 
and  partly  pitch.  The  pitch,  as  such,  was  of  no  particular  value. 
From  the  residue  boiling  above  200°C.  there  could  be  obtained  a 
distillate  oil  which  was  a  cracking  stock  of  sorts,  but  was  not  to  be 
compared  with  the  corresponding  petroleum  or  mineral  oil  cracking 
stock.  If  it  were  cracked  under  conditions  similar  to  those  laid 
down  by  Egloff  one  could  get  a  further  two  or  three  gallons  of  gaso- 
line, again  of  high  anti-knock  value.  It  was  the  considered  opinion 
of  the  workers  on  this  problem  that  by  simplifying  the  refining  and 
getting  out  the  two  main  products — gasoline  and  coke,  both  of 
which  were  readily  marketed — we  were  probably  doing  the  best  we 
could  with  the  low-temperature  tars. 

At  the  conclusion  of  the  discussion  a  hearty  vote  of  thanks  was 
accorded  the  Chairman  for  his  conduct  of  the  meeting,  on  the 
motion  of  Dr.  Lander. 
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Torf  in  der  ursprünglichen  Form,  wie  er  in  der  Lagerstätte,  den 
sogenannten  Mooren,  liegt,  kann  als  Brennstoff  keine  Verwendung 
finden.  Die  Moore  sind  so  stark  wasserhaltig  (durchschnittlich 
90%),  dass  der  in  der  Trockensubstanz  vorhandene  Heizwert 
(durchschnitthch  5200  W.E.  je  kg.)  kaum  ausreicht,  um  das  daneben 
befindliche  Wasser  zu  verdampfen,  geschweige  denn  darüber  hinaus 
einen  nutzbaren  Heizwert  verfügbar  zu  lassen.  Schon  daraus 
ergibt  sich,  dass  Torf  ohne  irgendwelche  Veredlung  nicht  verwendbar 
ist. 

Dies  ist  auch  aus  anderen  Gründen  notwendig.  Die  Moore  waren 
bis  in  die  jüngste  Zeit  hinein  noch  im  Wachstum  begriffen.  Infolge- 
dessen finden  wir  verschiedene  Stadien  der  Zersetzung,  vom 
jüngsten,  der  torf  bilden  den  Pflanze  noch  sehr  nahestehenden  bis 
zu  weitgehend  zersetztem,  kaum  noch  organisierte  Struktur  auf- 
weisendem Torf.  Der  Abbau  eines  Moores  liefert  infolgedessen 
Material  von  stark  wechselnder  Beschaffenheit,  was  für  die 
Verwendung  von  grossem  Nachteil  ist. 

Schliesshch  trocknet  der  Torf  ohne  weitere  Verarbeitung  mit  sehr 
geringer  Schwindung  und  nimmt  infolgedessen  für  eine  gegebene 
Heizwerteinheit  einen  sehr  grossen  Raum  ein.  Ferner  nimmt  der 
poröse  Torf  leicht  im  Regen  erneut  Wasser  auf.  Aus  all  dem  ergibt 
sich,  dass  die  dringendsten  Aufgaben  der  Torf  Veredlung  die  folgenden 
sind  : 
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Herabsetzung  des  Wassergehaltes 

H  omogenisierung 

Verdichtung 

Nicht  bei  allen  Mooren  lohnt  sich  die  Gewinnung  oder  gar  die 
Veredlung.  Niederungsmoore  die  unter  dem  Grundwasserspiegel 
nährsalzreichen  Wassers  aufgewachsen  sind,  sind  meist  zu  aschereich 
und  physikalisch  wenig  günstig,  um  guten  Brenntorf  liefern  zu 
können.  Ausserdem  hinterlassen  sie  nach  dem  Abbau  nutzlose 
Wasserflächen,  während  Niedermoore  im  unabgebauten  Zustande 
bei  richtiger  Behandlung  sehr  gut  unmittelbar  der  landwirtschaft- 
lichen Nutzung  zugeführt  werden  können. 

Die  Hochmoore,  die  über  den  Grundwasserspiegel  hinausgewachsen 
sind  und  deren  Pflanzen  vom  Oberflächenwasser  leben,  sind  ausser- 
ordentlich aschenarm  (1  bis  3%  auf  die  Trockensubstanz  bezogen). 
Sie  liefern  beim  Abbau  mineralischen  Untergrund,  der  leicht 
landwirtschaftHcher  Kultur  zuzuführen  ist.  Nur  ihr  Abbau 
empfiehlt  sich  aus  volkswirtschaftlichen  Gesichtspunkten. 

Die  Herabsetzung  des  Wassergehaltes  aus  dem  frisch  gewonnenen 
Torf  geschieht  am  einfachsten  durch  die  Trocknung  an  der  Luft. 
Um  die  Verdunstung  des  Wassers  zu  beschleunigen,  wird  der  Torf 
in  bestimmte  Stücke,  sogenannte  Soden,  geformt. 

Die  Homogenisierung  und  Verdichtung  wird  auf  die  einfachste 
Weise  durch  innige  Verarbeitung  der  rohen  moorfeuchten  Masse 
vollzogen.  Man  kann  sich  in  vereinfachter  Weise  den  im  Moore 
liegenden  Rohtorf  aus  zwei  Arten  von  Stoffen  aufgebaut  denken  : 
aus  den  Resten  unveränderter  noch  strukturierter  Pflanzenteile  und 
andererseits  aus  dem  weitgehend  zersetzten  strukturlos  gewordenen 
Torfhumus.  Der  letztere  besitzt  kolloide  leimartige  Eigenschaften, 
d.  h.  er  ist  stark  durch  Wasser  aufgequoUen,  schwindet  beim 
Trocknen  zu  dichten  harten  Massen  zusammen,  besitzt  aber  eine 
gewisse  Klebekraft.  Die  Schrumpfung  dieses  Torfkolloids  wird 
durch  die  sperrig  gelagerten  Pflanzenreste  beim  unveränderten  Torfe 
aufgehalten.  Wird  es  aber  durch  geeignete  Instrumente  weitgehend 
zerkleinert  und  mit  dem  kolloiden  Torf  humus  innig  vermischt,  so 
entsteht  eine  homogene  und  beim  Trocknen  sich  weitgehend  ver- 
dichtende Masse.  Die  innige  Verarbeitung  des  Rohtorfes  erreicht 
also  gleichzeitig  beide  Ziele  :  Homogenisierung  und  Verdichtung. 
Das  Torf  kolloid  i.st  "irreversibel,"  einmal  getrocknet,  quillt  es 
nicht  wieder  mit  \^''asser  auf.  Torf,  der  in  vorstehend  geschilderter 
Weise  innig  verarbeitet  ist,  trocknet  zu  harten  hornartigen  Stücken 
zusammen,  die,  dem  Regen  ausgesetzt,  nur  wenig  Wasser  aufnehmen. 
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Durch  die  innige  Verarbeitung  des  Torfes  und  die  dadurch  hervor- 
gerufene gesteigerte  Schrumpfung  beim  Trocknen  steigt  das 
scheinbare  spezifische  Gewicht  von  0,3-0,5  auf  0,7-0,9,  bezw.  das 
Volumen  der  aufgeschütteten  Ware  fällt  von  ca  5  cbm  auf  2,5-3,5 
cbm  je  t. 

Die  geschilderte  Verarbeitung  des  Rohtorfes  geschieht  in  folgender 
Weise  : 

Der  Rohtorf  wandert  durch  Einrichtungen,  die  den  bekannten 
Ziegelpressen  ähnlich  sind.  Mit  Schnecken,  meist  unterbrochenen 
Schnecken,  sowie  mit  Messern  besetzten  Wellen  wird  der  Torf 
durcheinander  geknetet  und  gleichzeitig  durch  ein  Mundstück  in 
endlosem  Strang  herausgedrückt.  Der  endlose  Strang  wird  in 
kurze  Stücke,  die  oben  genannten  "Soden,"  zerschnitten.  Diese 
kommen  zur  Feldtrocknung.  Um  die  Arbeit  dieser  Einrich- 
tungen leistungsfähiger  und  billiger  zu  gestalten,  wird  die  Gewinnung 
des  Rohtorfes  durch  Bagger  vollzogen  und  die  Zufuhr  zur  Maschine 
automatisch  gestaltet.  Ebenso  vollzieht  sich  die  Beförderung 
der  "Soden"  und  das  Ablegen  auf  dem  Trockenfeld  automatisch. 
Die  Gestehungskosten  sind  unter  Einrechnung  des  Umsetzens  auf 
dem  Trockenfeld  und  der  Beförderung  zur  Versandstelle  durch- 
schnittlich RM  10  je  t 

Diese  Art  der  Veredlung  leidet  unter  dem  Umstände,  dass  sie 
mit  der  Feldtrocknung  verknüpft  ist  und  infolgedessen  nur  in  der 
guten  Jahreszeit  durchgeführt  werden  kann.  Frost  zerstört  das 
Schrumpfungsvermögen  und  führt  beim  Trocknen  zu  einem  lockeren, 
leicht  bei  jeder  mechanischen  Beanspruchung  in  Pulver  zerfallenden 
Torf.  Im  Nordwesten  Deutschlands  kann  man  mit  einer  Torf- 
gewinnungsperiode von  nur  100  Tagen  im  Jahr  rechnen,  in  Ober- 
deutschland nur  mit  80  Tagen.  Deshalb  war  man  bestrebt,  die 
Trocknung  auf  künstlichem  Wege^  zu  vollziehen.  Die  Schwierigkeit, 
dies  zu  erreichen,  liegt  in  der  Höhe  des  Wassergehaltes,  der  die 
Trocknung  durch  künstliche  Wärme,  wie  aus  den  oben  erwähnten 
Zahlen  hervorgeht,  verbietet,  sowie  in  der  Kolloidstruktur,  d.  h.  in 
den  unendlich  feinen  Kapillarräumen,  in  denen  das  Wasser  verteilt 
ist  und  aus  denen  es  nur  sehr  langsam  nach  aussen  abwandern  kann. 
Um  ein  Stück  Rohtorf  durch  Druck  zu  entu'ässern,  sind  keine  hohen 
Drucke,  sondern  überaus  lange  Zeiten  notwendig.  Diese  bedingen 
in  der  Zeiteinheit  eine  sehr  kleine  Ausbeute  anabgepresstem  Material 
für   eine   gegebene   Einrichtung    und   machen    das   Abpressen   des 

*  Keppeler  (Techni.sche  Hochschule,  Hanno\  er),  Die  Methoden  zur  künstlichen 
Entwä'=serung  von  Rohtorf  ;  Technik  in  der  Landwirtschaft  1921  (2), 
Heft  4,  6,  8  u.   12  ;    Brennstoffchemie  1922  (31,  237,  249  und  262. 
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Wassers  unwirtschaftlich.  Eine  sehr  grosse  Anzahl  von  Verfahren 
ist  ersonnen,  diese  Schwierigkeit  zu  überwinden.  Die  meisten 
beruhen  auf  Einrichtungen,  die  die  Kolloidstruktur  des  Torfes 
zerstören  und  die  Wasserbindung  vermindern  sollen.  So  geistreich 
erdacht  und  so  sorgfältig  technisch  durchgearbeitet  diese  Verfahren 
auch  waren,  keines  von  ihnen  hat  bis  jetzt  einen  vollen  technischen 
und  wirtschafthchen  Erfolg  zu  verzeichnen  gehabt.  Viele  Millionen 
Mark  sind  für  solche  Verfahren  erfolglos  geopfert. 

Nur  ein  Verfahren  ist  zurzeit  noch  ernstlich  in  Bearbeitung  imd 
bietet  einigen  Erfolg:  das  Verfahren  von  Brune  und  Horst,  das  seit 
einigenjahren  als  M adruckv erfahren^  bezeichnet  wird.  Es  beruht 
darauf,  dass  der  rohe  Torf  in  kleine  Krümel  zerteilt  wird  und  diese 
Krümel  mit  Pulver  von  trockenem  Torf  eingehüllt  werden.  Das  so 
vorbereitete  Material  wird  in  Presskästen  gebracht.  Der  Inhalt 
eines  solchen  Kastens  ist  nun  durch  die  Krümelstruktur  in  eine 
grosse  Anzahl  kleiner  Presslinge  zerlegt,  die  im  Innern  nur  kleine 
Wege  für  das  Wasser  enthalten.  Der  ganze  Presskuchen  ist  aber 
durchzogen  von  einem  Netz  pulverförmigen  porösen  Materials,  das 
vielfältige  Kanäle  bildet,  auf  welchen  das  Wasser  aus  dem  Press- 
kuchen abfliessen  kann.  Es  gelingt  so,  den  Wassergehalt  des 
Torfes  weitgehend  herabzusetzen.  Das  Mischprodukt  von  trockenem 
und  feuchtem  Torf  hat  nach  dem  Pressen  ca  55^0  Wasser,  entspricht 
also  dem  Wassergehalt  nach  der  Rohbraunkohle  und  kann  wie 
diese  getrocknet  und  brikettiert  werden.  Zur  Durchführimg  dieses 
Verfahrens  sind  Anlagen  in  Russland,  in  Bayern  und  in  Oldenbiirg 
entstanden.  Sie  haben  gezeigt,  dass  die  gewählten  technischen 
Formen  noch  nicht  allen  Ansprüchen  genügen,  dass  aber  das  Ver- 
fahren im  Prinzip  durchführbar  ist  und  Aussicht  auf  Erfolg  bietet. 
Auf  Grund  der  bisherigen  Erfahrungen  wurde  zunächst  die  Anlage 
in  Oldenburg  umgebaut.  Die  ersten  Versuchsergebnisse,  die  dort 
mit  der  umgebauten  Anlage  erzielt  wurden,  berechtigen  zu  der 
Annahme,  dass  sehr  bald  der  endgültige  technische  und  wirtschaft- 
liche Erfolg  des  Verfahrens  erreicht  wird.  Man  rechnet  damit,  dass 
auf  14  Tonnen  Rohtorf  mit  einem  Wassergehalt  von  89,5 °o  eine 
Tonne  Briketts  erhalten  werden  kann. 

Es  ist  auch  möglich,  die  übhche  Torfgewinnung  mit  Luftrocknung 
und  die  Brikettierung  zu  verknüpfen,  jedoch  ist  hier  die  Vorausset- 
zung, dass  sehr  grosse  Mengen  von  Torf  zu  einem  sehr  billigen  Preise 
gewonnen  werden.  Da  aber  der  als  "Strangtorf"  (siehe  oben) 
gewonnene  Brenntorf  schon  erhebhche  Dichte  besitzt  und  da  die 

*  "Madruck"    Gesellschaft    für    maschinelle    Druckentwässerung    m.    b.    H., 
Duisburg. 
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Erzeugung  in  den  an  Torf  gewöhnten  Gebieten  ohne  weiteres 
Absatz  findet,  ohne  dass  die  unregelmässige  Form  der  Soden, 
selbst  im  Hausgebrauch,  störend  empfunden  wird,  hat  die  Briket- 
tierung, die  schon  um  die  Mitte  des  vorigen  Jahrhunderts  technisch 
gelöst  war,  keine  grössere  Verbreitung  finden  können.  Immerhin 
sind  auch  in  der  Technik  des  Brikettierens,  vor  allem  im  Zusammen- 
hang mit  dem  Madruckverfahren  z.  B.  durch  die  Einführung  der 
Kniehebelpressen  durch  die  "  Demag,"  Fortschritte  gemacht 
worden,  die  auch  der  Braunkohlenbrikettierung  zugute  kommen. 

Der  Brenntorf,  sowohl  in  der  Form  der  Strangtorfsode,  wie  als 
Brikett,  stellt  einen  hervorragenden  Brennstoff  für  die  Vergasung^ 
dar.  Der  sehr  geringe  Aschengehalt,  wie  die  hohe  Brenngeschwin- 
digkeit und  die  Aktivität  des  Entgasungsrückstandes  erleichtern 
die  Vergasung  und  liefern  ein  vorzügliches  Gas  mit  einem  Heizwert 
von  durchschnittlich  1400  W.E.  Versuche  in  der  Stahltechnik 
haben  gezeigt,  dass  der  geringe  Schwefelgehalt  sich  auch  in  einem 
geringeren  Schwefelgehalt  des  mit  Torfgas  erzeugten  Stahles 
auswirkt.  Auch  beim  Brennen  von  Ziegeln  im  Gasringofen  hat  sich 
das  Torf  gas  hervorragend  bewährt. 

Eine  besondere  Beachtung  verdient  die  Torfver kohlung.  Sie  ist 
technisch  sehr  leicht  durchzuführen,  wenn  genügende  Mengen  von 
Torf  in  ausreichender  Trockenheit  zur  Verfügung  stehen.  Der  zur 
Verkokung  dienende  Torf  sollte  nicht  über  30%  Wasser 
enthalten.  Die  Entgasungstemperatur  liegt  verhältnismässig  nie- 
drig. Bei  450°  erhält  man  eine  Torfkohle,  die  nahezu  vollkommen 
ausgegart  ist.  Ueber  600°  zu  gehen,  ist  wertlos.  Die  erhaltene 
Torfkohle  ist  ausgezeichnet  durch  einen  sehr  niedrigen  Aschengehalt 
(2^-  bis  4%).  Auch  der  Schwefelgehalt  ist  sehr  gering  (0,2  bis 
0,33%),  wovon  aber  der  grösste  Teil  in  der  Asche  zurückbleibt  und 
nur  ganz  kleine  Anteile  (0,06-0,12%)  flüchtig  sind.  Auch  der 
Zündpunkt  liegt  ausserordenthch  niedrig  (ca  220°) .  Man  erkennt, 
dass  alle  diese  Eigenschaften  die  Torfkohle  der  Holzkohle  an  die 
Seite  stellen.  Die  Torfkohle  wird  deshalb  mehr  und  mehr  für  die 
verschiedenen  Zwecke  der  Metallbearbeitung,  Edelstahlgewinnung, 
Herstellung  von  Ferrosilicium  usf.  verwendet. 

Wirtschaftlich  ist  die  Herstellung  der  Torfkohle  gesichert,  wenn 
Torf  zu  einem  Preise,  der  unter  RM  10  je  Tonne  liegt,  zur  Ver- 
fügung steht.  Im  Vergleich  mit  der  Holzkohle  ist  die  Herstellung 
günstiger,  weil  die  Ausbeute  je  Einheit  Torf  höher  liegt  als  beim 
Holz,   während  umgekehrt   der   Holzpreis  im   allgemeinen  höher 

'  Keppeler,  Torfvergasung  und  Torfverkokung;  Stahl  und  Eisen   1926  Heft 
19  und  22. 
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liegt  als  beim  Torf.  Die  Bedeutung  der  Torfverkohlung  wird  in  der 
nahen  Zukunft  zunehmen,  weil  für  die  Holzverkohlungsindustrie 
durch  das  Aufkommen  synthetischer  Verfahren  zur  Herstellung 
ilirer  Nebenprodukte  die  Haupteinnahmequellen  wegfallen  und 
damit  ihre  Wirtschaftlichkeit  ausserordentlich  gefährdet  sein  wird. 


"PEAT    TREATMENT" 

[English    Version — abridged) 

Direct  utilisation  of  peat  as  fuel,  in  the  form  in  which  it  is  found  in  the  bog,, 
is  impossible  ow-ing  to  the  high  water  content,  which  on  an  average  equals 
about  90  per  cent.  This  water  content  is  so  great  that  the  calorific  value  of  the 
dry  peat  substance  (approximately  5,200  calories  per  kilo)  is  hardly  sufficient 
to  effect  the  drying.  In  order  to  utilise  peat,  it  is,  therefore,  necessary  to  subject 
it  to  some  kind  of  working-up  process  ;  such  working  up  is  also  necessitated 
by  the  fact  that  raw  peat  is  not  a  homogenous  body,  but  is  of  widely  varying 
composition.  The  raw  peat,  if  simply  dried,  does  not  shrink  to  any  appreciable 
extent,  and  air-dried  bog  peat  is  bulky  and  porous  and  easily  absorbs  water. 
The  chief  problems  associated  with  the  working  up  of  peat  are  the  following  : — 
Drying,  Mixing,  Compressing. 

All  peat  bogs  are  not  equally  suitable  for  treatment.  High  lying  bogs,  on 
account  of  their  low  ash  content,  which  usually  varies  between  1  per  cent,  to 
3  per  cent,  of  the  dry  material,  are  generally  the  best.  Low  lying  bogs  are 
higher  in  ash. 

The  simplest  method  of  drying  raw  peat  consists  of  cutting  it  into  sods  and 
exposing  them  to  the  air. 

Raw  peat  may  be  considered  to  consist  of  two  kinds  of  material  :  (1)  Plant 
residues,  which  are  not  decomposed  to  any  great  extent,  and  (2),  Peat  humus,, 
in  which  the  decomposition  is  so  far  advanced  that  the  humus  has  lost  all 
trace  of  structure.  Peat  humus  has  colloidal  properties;  it  swells  greatly  with 
water  and  forms  a  dense  hard  mass  on  drying.  When  raw  peat  is  dried  the 
shrinkage  of  the  humus  is  prevented  by  the  presence  of  the  less  decomposed 
plant  residues.  If,  however,  the  raw  peat  is  comminuted,  these  residues 
become  intermixed  with  the  humus  and  a  mass  is  formed  which  becomes 
uniformly  dense  upon  drying.  Once  dried,  the  peat  humus  does  not  again 
s-v\ell  by  the  addition  of  water,  and  peat  which  has  been  comminuted  and 
incorporated  as  described  above,  dries  to  a  dense  horn-like  mass.  By  such  a 
treatment  the  apparent  specific  gravity  rises  from  -3  or  -5  to  -7  or  -9,  and  the 
volume  is  decreased  from  approximately  5  to  2-3-3-5  cu.  metres  per  ton. 

1  he  working  up  of  peat  is  roughly  carried  out  as  follows  : — 

The  raw  peat  is  treated  in  machinery  in  which  it  is  subjected  to  a  kneading: 
and  mixing  operation,  and  is  finally  passed  through  presses  resembling  the 
ordinary  brick  press.  The  extruded  peat  is  cut  up  into  suitable  sizes.  The 
average  cost  of  such  treatment,  including  transportation,  is  approximately  lO' 
RMk.  per  metric  ton.  Methods  of  the  kind  described  suffer  from  the  drawback 
that  it  can  only  be  successfully  carried  out  in  dry  years.  Frost  interferes  with 
the  shrinkage  and  gives  a  product  which  is  friable.      In  north-west  Germany 
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an  effective  working  period  of  100  days  can  only  be  counted  upon,  and  in  uppei 
Germany  only  80  days. 

^Artificial  drying  of  peat  is  difficult,  first  of  all  owing  to  the  high  water 
content  and  secondly  owing  to  the  colloidal  nature  of  the  peat. 

In  order  to  dry  peat  by  means  of  pressure,  high  pressures  are  not  necessary, 
but  the  process  requires  considerable  time  and  the  output  per  unit  of  time  of  a 
given  installation  is  necessarily  low.  Many  processes  have  been  suggested 
in  order  to  overcome  these  drawbacks  ;  most  of  which  depend  upon  a  destruc- 
tion of  the  coUodial  nature  of  the  peat.  In  spite  of  all  the  attention  that  has 
been  given  to  this  problem,  no  entirely  successful  process  has  as  yet  been 
evolved,  and  many  millions  of  marks  have  been  expended  without  result. 
The  most  successful  process  at  the  present  time  appears  to  be  the  Madruck^ 
process  of  Brune  &  Horst.  In  this,  the  raw  peat  is  comminuted  and  mixed  with 
a  proportion  of  finely  divided  dry  peat,  after  which  the  mixture  is  pressed. 
The  mixed  product  of  wet  and  dry  peat  contains  approximately  55  per  cent, 
water,  which  corresponds  to  that  of  raw  Lignite.  Installations  working  on 
the  above  process  exist  in  Russia,  Bavaria  and  Oldenburg.  The  process  has 
not  yet  reached  its  final  stage  and  the  Oldenburg  installation,  based  upon  the 
experience  gained,  has  been  reconstructed.  The  reconstructed  installation  has 
given  results  which  would  indicate  that  complete  technical  and  commercial 
success  may  be  hoped  for  at  an  early  date.  It  is  anticipated  that  14  tons  of 
raw  peat  with  a  water  content  of  89-5  per  cent,  will  yield  1  ton  of  briquettes 

It  is  possible  to  couple  the  usual  air-drying  methods  with  briquetting,  but  in 
order  for  this  combination  to  be  successful  it  is  necessary  that  large  bodies 
of  peat  should  be  present  and  able  to  be  won  at  small  cost.  Owing  to  the  fact 
that  air-dried  peat  is  fairly  dense  and  usually  finds  a  ready  sale  in  the  localities 
in  which  it  is  produced,  such  combined  air  drying  and  briquetting  has  not  been 
widely  adopted.  Great  advances  in  briquetting  presses  have  recently  been 
made,  especially  in  connection  with  the  Madruck  process  (Demag). 

Peat,  both  in  the  form  of  sods  and  briquettes,  forms  an  excellent  material 
for  gasification.^  Gasification  is  easy  on  account  of  low  ash  content,  great 
speed  of  combustion  and  high  activity  of  the  residue.  Excellent  gas  witn  a 
calorific  value  of  approximately  1,400  calories  has  been  obtained.  Experi- 
ments in  steel  manufacture  have  shown  that  steel  produced  by  means  of  gas 
made  from  peat  is  low  in  sulphur.  Peat  gas  has  also  been  used  with  success 
in  gas-fired  brick  kilns. 

Carbonisation  of  peat  is  also  of  importance,  but  the  peat  to  be  treated  should 
not  contain  more  than  30  per  cent,  water.  Only  low  distillation  temperatures 
are  necessary,  and  at  450°C.  a  completely  carbonised  product  is  obtained  ;  a 
temperature  of  600°C.  must  not  be  exceeded.  Peat  coke  is  low  in  ash  (2|  per 
cent,  to  4  per  cent.)  and  only  contains  from  -2  per  cent,  to  -33  per  cent  of 
sulphur.     The  bulk  of  the  sulphur  remains  in  the  ash  and  only  from  -06  per 


1  Keppeler  (Technische  Hochschule,  Hannover),  Die  Methoden  zur  künstlichen 
Entwässerung  von  Rohtorf;  Technik  in  der  Landwirtschaft  1921 
(2)  vol.  4,  6,  8,    12;    Brennstoffchemie   1922  (3)   237,   249  and  262. 

*  "Madruck  "    Gesellschaft   für   maschinelle    Druckentwässerung   m.    b.    H., 

Duisburg. 

*  Keppeler,  Torf  Vergasung  und  Torfverkokung  ;    Stahl  und  Eisen  1926  vol. 

19  and  22). 
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cent,  to  -12  per  cent,  is  volatilized  ;  the  point  of  ignition  is  low  (approximately 
220°C.).  Peat  coke  is  finding  increasing  industrial  use;  for  instance,  in  the  steel 
industry  and  for  the  manufacture  of  Ferro-silicon.  The  carbonisation  of  peat 
is  commercially  possible  when  peat  is  available  at  a  cost  of  less  than  1 0  marks 
per  metric  ton.  Compared  with  the  manufacture  of  wood  charcoal  the 
carbonisation  of  peat  has  the  advantage  of  a  greater  yield  of  coke  and  lower 
cost  of  raw  material. 
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ZUSAMMENFASSUNG 

Peat  in  undrained  bogs  contains  generally  from  nine  to  nineteen 
parts  of  water  to  one  part  of  solids. 

The  economic  separation  of  the  water  from  the  solids  constitutes 
the  so-called  peat  problem. 

The  air-drying  of  peat  is  a  process  subject  to  the  varying  conditions 
of  cHmate,  season,  and  the  supply  of  casual  hand  labour,  and  it  is 
generally  accepted  that  air-drying,  under  ordinary  circumstances, 
cannot  form  the  basis  of  an  industry. 

Many  attempts  have  been  made  to  find  a  process  for  drjàng  peat 
artificially  by  pressure  or  heat. 

The  work  described  in  this  paper  has  been  carried  out  by  the 
Techno-Chemical  Laboratories  and  is  a  continuation  of  the  peat 
experiments  initiated  by  the  late  Dr.  Martin  Ekenberg. 

To  press  raw  peat  economically  has  long  been  regarded  as  an 
impossibility.  If  pressed  against  small  openings  the  more  decom- 
posed part  of  the  peat  passes  through  and  forms  a  jelly-like  sub- 
stance, the  water  content  of  which  cannot  practicably  be  reduced 
by  further  pressing.  If  pressed  against  a  filter  surface  either  the 
bulk  will  pass  out  through  the  interstices  of  the  filter  surface  without 
any  separation  of  water;  or  else  the  filter  surface  becomes  fouled, 
whereupon  the  operation  stops  or  the  filter  surface  are  destroyed. 
Very  young  peat  can  be  pressed  to  some  75  per  cent,  to  80  per  cent, 
water  content,  but  such  pressing  has  always  proved  too  expensive 
to  lead  to  a  practical  process. 
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Ekenberg  proposed  to  overcome  the  above  difficulties  by  heating 
the  raw  peat  under  pressure  up  to  a  temperature  of  about  180°C. 
This  he  called  "Wetcarbonising."  The  heating  destroyed  the 
jelly-like  nature  of  the  peat  so  that  the  mass  after  wetcarbonisation 
could  be  pressed  in  filter  presses. 

After  many  years  of  experiments  a  wetcarbonising  factory  with 
an  estimated  output  of  60,000  tons  of  peat  briquettes  per  year  was 
constructed  and  erected  at  the  Ironhirst  Bog,  near  Dumfries. 
This  factory  was  completed  in  1919  and  during  1919-20  some 
45,000  tons  of  briquettes  were  manufactured  and  sold. 

The  process  consisted  of  the  following  main  operations: — 

1.  Excavation  of  the  peat  by  floating  dredgers. 

2.  Pumping  to  factory  store  (the  peat  containing  93^  to  94  per 

cent,  water). 

3.  Wetcarbonising  by  recuperative  heating. 

4.  Filter  pressing. 

5.  Drying  disintegrated  press  cakes  suspended  in  hot  gases. 

6.  Briquetting. 

The  filter  presses  were  of  the  ordinary  chamber  filter  type.  The 
wetcarbonised  peat  was  pumped  hot  into  the  filter  presses  and  with 
a  pressure  of  100  lb.  per  sq.  in.,  the  water  content  was  brought  down 
to  from  70  per  cent,  to  74  per  cent.,  and  the  mass  was  removed  from 
the  presses  in  the  form  of  cakes.  The  water  content  of  these  press 
cakes  could  be  reduced  in  hydraulic  presses  to  50  per  cent,  by 
pressing  with  a  pressure  of  1,000  lb.  per  sq.  in.,  but  that  operation 
proved  too  costly  and  was  abandoned. 

The  gas  drier  was  uneconomical  because  extra  fuel  had  to  be  burnt 
to  supply  a  large  proportion  of  the  heat  required,  and  even  more  so 
because  some  8  to  10  per  cent,  of  the  dried  peat  dust  was  lost  in  the 
atmosphere,  travelHng  out  with  the  gas  and  vapours.  The  separa- 
tion of  the  dust  was  complicated  and  difficult  owing  to  the  very 
large  volmues  of  gas  and  vapour  which  were  present  with  the  dust. 

The  cost  of  manufacture  was  about  £3  per  ton  briquettes. 

As  long  as  the  briquettes  could  be  sold  at  from  ;^3  to  £b  per  ton  it 
was  possible  to  continue  the  manufacture,  but  when  coal  prices 
collapsed  about  the  middle  of  1920  it  became  necessary  to  close 
down  the  factory. 

Since  that  date  research  and  experiments  have  continued  and 
some  very  interesting  results  have  been  obtained. 
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The  greatest  disappointment  in  the  wetcarbonising  process  was 
the  very  poor  overall  thermal  efficiency.  Even  with  the  improve- 
ments which  were  contemplated  there  seemed  no  hope  of  obtaining 
more  than  an  efficiency  of  possibly  40  per  cent.,  i.e.,  of  every  100 
tons  of  solids  taken  from  the  bog  not  less  than  60  tons  would  have 
to  be  consumed  as  fuel  in  the  process  and  not  more  than  40  tons 
would  remain  as  product  available  for  sale. 

It  was,  therefore,  decided  to  concentrate  upon  a  search  for  a  means 
of  drying  of  high  thermal  efficiency  so  that  if  possible  both  wet- 
carbonisation  and  gas  drjàng  might  be  obviated. 

By  employing  the  so-called  heat  pump  an  evaporation,  when 
working  with  a  temperature  difference  of  3°C.,  of  100  Kg.  water 
per  Kg.  coal  burnt  had  been  obtained  on  an  evaporator  previously 
constructed,  and  this  experience  was  turned  into  account. 

Part  of  the  Ironhirst  Bog  was  drained  and  peat  from  that  part, 
containing  some  87  per  cent,  to  88  per  cent,  water,  was  filmed 
between  two  revolving  drimis.  The  drums  were  surrounded  by  a 
casing.  Steam  saturated  at  105°C.  was  passed  into  the  drums  and 
the  vapours  from  the  drying  peat  film  were  compressed  at  a  pressure 
corresponding  to  105°C.,  and  were  at  that  temperature  passed  into 
the  drums.  The  peat  was  scraped  off  the  drums  after  each  revolu- 
tion and  removed  from  the  apparatus. 

After  small  scale  experiments  had  been  conducted  and  had  proved 
satisfactory,  a  larger  plant  was  designed  and  erected  at  Ironhirst. 

The  plant  consisted  of  eight  drums  with  a  total  evaporating 
surface  of  72M-.     The  drums  were  surroimded  by  a  suitable  casing. 

A  turbo-compressor  was  installed  and  the  evolved  vapours  were 
compressed  equal  to  a  temperature  of  104°C.  The  evaporation 
obtained  per  M^  per  hour  was  about  13  Kg.,  but  certain  serious 
defects  were  discovered,  viz.: — 

1.  The  evaporation  depended  upon  the  adhesion  of  the  peat  film 

to  the  drums,  and  it  was  found  that  as  soon  as  the  water 
content  of  the  film  came  down  to  about  60  per  cent,  the  film 
began  to  peel  off  the  drums  to  such  an  extent  that  drying 
practically  ceased. 

2.  As  a  result  it  was  not  practicable  to  dry  peat  below  a  water 

content  of,  say,  60  per  cent.,  and  this  would  necessitate  the 
employment  of  some  other  type  of  drier  in  addition  to  the 
drum  drier. 
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3.  The  scrapers  used  for  removing  the  dried  peat  from  the  drums 

required    considerable    attention    and    necessitated    a    high 
percentage  of  stand-by  plant. 

4.  The  capital  cost  of  the  plant  and  the  necessary  stand-bys  was 

very  high. 

The  first  objection  was  largely  overcome  by  constructing  drums 
with  the  surface  grooved  in  a  suitable  manner,  but  this  still  further 
increased  the  capital  cost  and  did  not  ehminate  the  necessity  for 
a  considerable  percentage  of  stand-by  plant.  Apart  from  mechani- 
cal considerations  it  was  only  down  to  about  60  per  cent,  of  water 
content  that  the  evaporation  could  be  carried  out  with  the  high 
thermal  efiiciency  aimed  at.  The  heat  required  for  preheating 
and  final  drying,  and  the  power  required  apart  from  the  compression 
made  it  impossible  to  obtain  a  high  thermal  overall  efficiency. 

Meantime  a  new  press  had  been  evolved.  It  had  been  observed 
that  after  a  train  had  passed  over  rails  splashed  with  raw  peat,  a 
thin  film  of  comparatively  dr}-  peat  remained  on  the  top  of  the  rails. 
This  gave  indication  that,  although  raw  peat  might  not  be  pressable 
in  bulk,  it  might  be  pressable  if  pressed  in  sufficiently  thin  layers. 
A  press  was,  therefore,  constructed  to  imitate  the  above  conditions. 
Raw  peat  was  placed  in  the  grip  of  two  drums  and  it  was  found 
that  a  thin  film  of  fairly  dry  peat  was  produced.  It  was  at  once 
realised  that  the  cost  of  apparatus  compared  to  output  would  be 
prohibitive,  but  this  objection  was  successfully  overcome.  Peat 
pressed  in  the  grip  of  two  drums  results  in  a  given  output.  If  the 
diameter  of  the  drums  is  doubled,  the  length  of  the  grip  is  increased 
and  the  output  practically  doubled  also.  If,  instead  of  doubUng 
the  diameters,  a  steel  plate  is  put  between  the  drums,  the  length 
of  the  grip  is  correspondingly  increased,  but  the  output  is  quad- 
rupled instead  of  doubled  because  two  films  can  be  obtained  instead 
of  one.  Working  on  this  principle  a  small  press  was  built  with  two 
drums,  round  each  of  which  alternatively  two,  three  and  four 
endless  steel  bands  were  placed.  The  experiments  proved  that 
the  increase  of  the  output  by  the  addition  of  each  band  was  nearly 
proportional  to  the  square  of  the  nmnber  of  films. 

A  large  press  was  then  designed  which  was  erected  at  Ironhirst. 
Each  drum  had  a  diameter  of  one  metre  and  round  each  drum  seven 
endless  steel  bands  were  placed. 

On  this  press  raw  peat  with  about  91  per  cent,  water  content  was 
pressed  continuously  to  a  water  content  of  about  77   per  cent. 
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The  films  were  very  thin  and  the  output  obtained  was  only  370  Kg. 
of  material  with  77  per  cent,  water  or  85  Kg.  solids  per  hour. 

Experiments  were  then  made  to  ascertain  if  raw  peat  could  be 
treated,  so  as  to  make  it  more  easily  pressable,  in  some  manner  less 
expensive  than  wetcarbonising.  If  so,  it  was  hoped  considerably  to 
increase  the  output  of  the  band  press. 

Water  was  added  to  the  raw  peat  imtil  its  water  content  reached 
about  99  per  cent.  With  that  water  content  the  peat  soHds  became 
diffused  in  the  mass  of  the  water,  and  if  poured  over  an  inclined 
screen  roughly  about  one-half  of  the  solids  remained  on  top  of  the 
screen  and  the  other  half  of  the  solids  (the  fines)  would  pass  through 
the  mesh  of  the  screen  with  the  bulk  of  the  water.  After  this 
treatment  (washing),  repeated  when  necessary  a  second  time,  the 
material  left  on  top  of  the  screen  was  easily  pressable  in  the  band 
press  down  to  about  70  per  cent,  water  content  and  the  output  of 
the  band  press  was  increased  to  about  300  Kg.  solids  per  hour  when 
working  with  four  bands  round  each  drum. 

The  fines,  the  solids  left  in  the  bulk  of  the  water,  were  recovered 
by  setthng,  draining  and  air-drying. 

A  scheme  was  prepared  to  work  on  the  above  Hnes  but  it  was  found 
that  although  the  settled  and  drained  material  dried  more  readily 
in  the  air  than  ordinary  peat,  the  size  of  the  area  required  for  the 
air-drying,  as  well  as  other  considerations,  made  the  proposal 
impracticable.  The  alternative  of  leaving  behind  in  the  bog  half 
of  the  soHds  (the  fines)  was  considered  equally  impracticable. 
Further  experiments  were  made  with  this  new  material  (the  fines) 
and  it  was  found  that  if  wetcarbonised  and  thereafter  mixed  with 
the  fibrous  part  of  the  peat,  the  mixture  could  be  easily  pressed  in 
the  band  press  and  that  a  drier  product,  about  63  per  cent,  water 
content,  could  be  obtained  than  when  pressing  the  fibres  alone. 
As  no  fibres  were  present  in  the  fines  they  could  be  pumped  through 
the  wetcarboniser  at  a  speed  of  15  ft.  per  second,  whereas  ordinary 
raw  peat  could  only  be  pumped  economically  at  a  speed  of  about 
2  ft.  per  second.  This  meant  that  the  wetcarbonising  of  the  fines 
could  be  done  with  less  expenditure  of  heat  and  with  less  capital  cost. 

Band  presses  were  designed  with  drums  two  metres  in  diameter, 
each  surrounded  by  sixteen  bands,  and  a  special  dewaterer  was 
evolved  in  which  the  fibrous  material  and  the  fines  in  admixture 
were  dewatered  to  a  water  content  of  90  per  cent.  The  employment 
of  the  band  press  in  the  process  involved  the  following  operations: — 
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1.  Hydraulic  excavation  of  peat, 

2.  Pumping  to  factory  with  97  per  cent,  water, 

3.  Washing  and  screening  peat  with  99  per  cent,  water, 

4.  Collecting  fibrous  material  for  band  press  mixer, 

5.  Settling  the  fines, 

6.  Wetcarbonising  the  fines, 

7.  Mixing  and  dewatering  fibrous  material  and  fines, 

8.  Pressing  in  band  presses, 

9.  Drying  and 
10.  Briquetting. 

A  way  having  been  found  of  dewatering  peat  to  such  a  water 
content  that  the  further  drying  could  be  done  advantageously  with 
heat,  our  object  was  to  find  a  method  of  doing  this  as  cheaply  as 
possible. 

The  product  from  the  press  was  a  flakey  powder  which  was  unsuit- 
able for  filming  on  drum  driers  but  very  suitable  for  the  gas  drier. 
Experiments  were  made  to  improve  the  gas  drier  but  without  any 
encouraging  results. 

As  the  process  would  require  power  it  was  an  obvious  course  to 
endeavour  to  combine  the  drying  with  the  production  of  this  power. 

In  the  -German  lignite  industry  the  drying  is  effected  with  steam 
which  has  already  served  for  the  production  of  power  in  turbines  and 
briquette  presses.  The  most  successful  drier  used  in  that  industry 
is  the  Schultze  drier.  This  consists  mainly  in  a  number  of  tubes 
expanded  into  tube  plates  and  surrounded  by  a  shell.  The  space 
between  the  tubes  inside  the  shell  is  filled  with  steam.  The  whole 
is  set  at  an  inchne  and  revolved  slowly  so  that  granulated  hgnite 
fed  into  all  the  tubes  at  the  higher  end  rolls  over  in  the  tubes  and 
moves  slowly  towards  the  lower  end  where  it  is  collected.  A  slow 
current  of  air  passes  through  the  tubes  and  enables  the  evaporation 
to  take  place  at  a  temperature  below  100°C.  The  condensing  steam 
has  a  temperature  of  120°  to  140°C. 

Large  heating  surfaces  are  required  even  when  employing  the 
highest  practicable  temperature  differences.  The  revoMng  of  the 
driers  necessitates  a  strong  construction.  Consequently  these 
driers  are  expensive.  They  weigh  upwards  of  25  tons  and  cost 
about  60s.  per  M^  surface. 

We,  therefore,  endeavoured  to  design  an  improved  drier,  utihsing 
the  good  features  of  the  Schultze  drier. 

Two  such  driers  had  been  imported  from  Germany  and  tried  at 
Ironhirst  in    1911,  but  were  under  the  conditions  then  obtaining 
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found  to  be  too  expensive  in  capital  cost  and  too  uneconomical 
thermally.  It  was  claimed  that  when  drying  lignite  and  employing 
steam  at  140°C.  an  evaporation  of  4  Kg.  water  was  obtained  per  M^ 
of  heating  surface  per  hour,  but  under  these  conditions  it  proved 
impossible  to  get  more  than  an  evaporation  of  2  Kg.  when  drying 
peat. 

The  small  output  of  the  Schultze  drier  is  clearly  the  result  of  low 
heat  transmission.  To  place  a  heap  of  powder  on  a  metal  surface 
heated  from  without  offers  very  poor  conditions  for  heat  transfer. 
With  peat,  which  is  of  a  bulkier  nature  than  lignite,  this  is  even 
more  pronounced. 

The  transfer  of  heat  from  the  heated  tubes  to  the  material  is 
effected  partly  by  direct  contact  and  partly  indirectly  by  the  heating 
of  the  air  and  vapours  by  the  upper  part  of  a  tube  and  their  subse- 
quent contact  with  the  material  while  this  rolls  over  slowly.  We 
decided  to  develop  this  latter  way  of  transferring  the  heat,  by 
carrying  the  partly  dewatered  peat  in  a  finely  divided  form  in 
suspension  in  air  and  evolved  vapours  adjacent  to  heated  surfaces. 

When  carrying  out  experiments  with  blowing  of  air  and  peat 
through  heated  tubes,  we  found  that  an  evaporation  of  6  Kg.  per 
unit  of  surface  could  be  obtained  which  was  three  times  that  of  the 
Schultze  drier  when  working  under  similar  temperature  conditions. 

Our  experiments  showed  us  that  the  air  from  the  drier  issued 
nearly  saturated  with  vapours. 

We  thereafter  designed  a  drier  to  work  in  conjunction  with  our 
process  for  dewatering  peat.  In  this  a  number  of  vertical  tubes 
were  expanded  into  tube  plates  and  surrounded  by  a  shell  filled 
with  steam.  By  means  of  connection  ducts  and  bends  a  tortuous 
passage  was  provided,  the  main  parts  of  which  constituted  large 
numbers  of  tubes  in  parallel.  A  fan  was  arranged  to  blow  air  and 
evolved  vapours  through  the  passage  and  suitable  devices  to  feed 
the  material  into  the  air  current. 

The  air,  vapour  and  peat  powder  were  conducted  to  a  cyclone 
separator,  wherein  the  dried  peat  was  collected.  This  drier  thus 
contained  very  few  moving  parts,  while  the  drying  surfaces  were 
stationary.  These  and  the  shell  could,  therefore,  be  made  with  a 
light  construction  and  the  cost  per  M^  heating  surface  could  be 
reduced  to  about  30s.  Evaporating  2  Kg.  per  M^  surface  costing 
60s.  per  M^  meant  a  capital  cost  of  30s.  per  1  Kg.  evaporated,  whereas 
evapoTating  6  Kg.  per  M^  surface  costing  30s.  per  M^  surface  meant 
a  capital  cost  of  5s.  per  Kg.  evaporated  per  hour. 
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Having  thus  evolved  a  cheap  drier  we  found  that  we  could  improve 
the  heat  economy  of  the  drying  by  utihsing  the  heat  more  than 
once  for  drying,  the  heat  contained  in  vapours  from  one  drying 
operation  being  used  for  further  drying  at  a  lower  temperature. 
As  the  vapours  from  the  cyclone  separator  contain  a  smaD  amotmt 
of  dust  it  was  inadvisable  to  utihse  them  directly  for  heating  the 
surface  of  a  drier.  Further,  the  rate  of  heat  transfer  is  low  imless 
the  saturation  temperature  is  very  nearly  100°C.  We,  therefore, 
introduced  a  heat  exchanger  in  which  the  vapours  were  brought 
into  direct  contact  with  water  over  large  superficial  areas  whereby 
the  vapours  give  up  their  heat  through  heating  the  water.  Small 
temperature  differences  suffice  for  this  heat  transfer,  and  the  heated 
water  is  very  suitable  for  heating  the  surfaces  of  the  drier.  We 
foimd  that  it  would  be  economical  to  employ  up  to  four  effects,  i.e., 
to  utihse  the  heat  four  times  for  drying  at  successively  lower  tem- 
peratures. This  meant  that  we  could  dry  the  peat  from  a  much 
higher  water  content,  and  as  peat  with  a  water  content  of  about 
80  per  cent,  can  be  easily  obtained  by  draining  and  partial  air- 
drying,  we  decided  to  ehminate  the  pressing  of  the  peat  and  com- 
plete the  drying  process  by  means  of  the  multiple  effect  drier  alone. 

For  the  most  economical  working  the  number  of  effects  should 
be  such  that  the  heat  requirements  of  the  driers  correspond  to 
that  available  in  the  exhausts  from  the  power  and  briquetting 
plants.  The  properties  of  saturated  mixtures  of  air  and  vapour 
sets  a  hmit  to  the  range  of  temperatures  practicable.  Thus,  the 
temperatures  of  the  vapours  from  the  First  Effect  cannot  appreciably 
exceed  100°C.  and  the  vapours  from  the  last  effect  should  have  a 
temperature  of  not  much  less  than  40°C.,  as  otherwise  inconveni- 
ently large  volumes  of  air  will  be  required  for  carrying  away  the 
vapours  evolved.  But,  as  the  drier  can  work  economically  with  a 
temperature  difference  of  20°C.,  four  effects  can  be  arranged. 

It  was  ascertained  through  experiments  that,  after  maceration, 
any  kind  of  raw  peat  could  be  made  friable  by  admixture  of  a  suit- 
able proportion  of  already  dried  powder.  Air,  vapour  and  sus- 
pended friable  peat  powder  may  be  regarded  as  a  fluid  which  can, 
without  difficulty,  be  blown  through  tubes.  The  drjdng  of  peat 
in  this  manner  does  not  offer  any  difficulty  and  is  independent  of 
the  nature  and  varjdng  quality  of  the  peat. 

When  it  began  to  be  reahsed  that  the  new  drier  was  hkely  to  offer 
the  most  economical  method  for  dewatering  peat,  it  was  decided 
to  investigate  the  experience  gained  in  air-dr>dng  operations  with  .. 
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view  to  ascertaining  whether  the  moisture  content  of  peat  could 
be  reduced  below  that  which  is  usual  in  drained  bogs. 

It  was  found  that  in  Ireland,  when  peat  was  cut  from  a  drained 
bog,  pulped  and  dumped  on  the  surface  of  the  bog  in  lumps,  the 
water  content  during  the  summer  months  was  reduced  from  87  per 
cent,  to  80  per  cent,  in  an  average  of  ten  days  in  spite  of  normal 
rainfall.  The  real  difficulty  from  the  air-drying  point  of  view  was 
the  drying  from  about  60  per  cent,  to  70  per  cent,  water  content 
down  to  25  per  cent,  to  30  per  cent,  water  content. 

From  information  gathered  and  from  general  observations  it  was 

clear  that,  if  instead  of  heaps  or  lumps,  a  thin  layer  or  small  pieces 

were  put  on  the  surface  of  the  bog,  the  drying  would  take  place 

much  more  rapidly.     This  is  confirmed  by  experience  in  Canada 

at  two  bogs.  Weiland  and  Beaverton.    Mr.  B.  F.  Haanel  writes  with 

regard  to  the  work  at  the  latter  bog  in  his  official  report  for  1925: — 

"Successive  layers  up  to  6  in.  in  depth  could  be  deposited  at 

inter^'als    without    materially    affecting    the    drying    process. 

The  material  so  deposited  (on  the  surface  of  the  bog)  was,  when 

sufficiently  dry,  scraped  and  collected  as  at  Weiland.     Under 

the  best  conditions  a  layer   of  distributed  peat    1    to    1|  in. 

deep  would  dry  down  from  85  to  45  per  cent,  of  moisture  in 

about  2|  hours.     Wet  weather  seriously  retarded  operations 

and  in   actual  practice   the   air-dried   peat   collected  by   the 

methods  described  still  had  an  average  of  moisture  content 

of  50  to  60  per  cent.,  according  to  weather  conditions." 

Machinery  has  now  been  designed  for  cutting  from  the  surface  of 
peat  bogs  during  the  summer  months  thin  layers  of  peat,  for  harvest- 
ing and  conveying  the  cut  peat,  after  a  short  period  of  air-drying, 
to  a  dump  at  the  factory.  The  dump  will  be  made  large  enough  to 
correspond  to  at  least  one  year's  output  at  the  factory  so  as  to 
ensure  continuous  working.  It  is  reasonable  to  expect  that,  especi- 
ally during  relatively  dry  summers,  the  percentage  of  water  in  the 
partly  air-dried  peat  will  be  between  60  per  cent,  and  70  per  cent., 
but  all  our  calculations  have  been  based  on  a  water  content  of  80  per 
cent.,  which,  under  any  circimistances,  may  be  regarded  as  quite 
safe.  Obviously  the  quantity  harvested  during  dry  seasons  will 
be  as  large  as  possible  so  that  cutting  and  harvesting  during  bad 
seasons  need  only  be  done  during  the  most  favourable  periods. 

This  method  of  working  incidentally  solves  the  problem  of  winter 
working  in  cold  countries  where  it  is  impossible  to  do  any  work  on 
bogs  except  during  a  short  period  each  year. 
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As  far  as  peat  is  concerned,  quadruple  effect  dr\dng  means  that 
the  whole  dewatering  can  be  done  in  a  single  operation,  and  that, 
when  drying  peat  containing  80  per  cent,  of  water  and  supplying 
the  heat  required  by  burning  part  of  the  dried  peat,  an  overall 
efÈciency  of  75  per  cent,  can  be  obtained  in  the  manufacture  of 
peat  briquettes. 

The  advantages  to  be  secured  by  reducing  the  number  of  opera- 
tions and  at  the  same  time  the  capital  cost  and  laboiir  were  so 
ob\'ious  that  it  was  decided  not  to  proceed  with  the  band  press 
scheme. 

In  order  to  test  and  demonstrate  the  multiple  effect  drier  a  drying 
plant  was  built  at  Ironhirst  on  the  site  of  the  dismantled  factory  of 
Wetcarbonising  Ltd.  Parts  of  the  boilers,  buildings  and  briquette 
presses  were  utihsed.     A  turbo-generator  was  installed. 

The  plant  is  designed  to  dry  5  tons  of  peat  per  hour  from  80  per 
cent,  water  content  to  10  per  cent. 

The  plant  has  four  effects  in  which  the  heat  contained  in  part  of 
the  exhaust  from  the  turbine  is  used  at  successively  lower  tempera- 
tures for  dr\ing  beginning  with  the  first  effect,  and  finishing  with 
the  fourth.  The  peat  passes  through  the  four  effects  successively 
in  the  reverse  order. 

In  each  effect  the  peat  is  fed  into  a  current  of  air,  or  air  and  vapour, 
by  means  of  a  rotary  valve.  It  is  blown  through  the  dr}ing  tubes 
by  the  air  and  vapour  and  is  separated  therefrom  by  a  cyclone 
separator. 

The  voliunes  of  air  and  vapour  employed  in  the  different  effects 
are  selected  with  a  view  to  the  best  utiHsation  of  the  temperature 
differences  available.  In  the  first  effect,  which  is  heated  b}-  steam, 
the  vapours  circulate,  and  such  volmne  is  employed  as  will  carry 
the  peat  in  suspension  with  a  suitable  ratio  between  peat  and 
vapour.  A  heat  exchanger  is  employed  for  the  purpose  of  heating 
the  water  used  for  heating  the  second  effect.  \'apour  passes  from 
the  heat  exchanger  to  a  fan  and  therefrom  through  the  two  drier 
shells,  a  cyclone,  and  a  scrubber  back  to  the  heat  exchanger. 

In  the  fourth  effect  air  is  drawn  in  from  the  atmosphere  into  a 
fan  and  deUvered  into  the  shells  of  the  fourth  effect.  After  passing 
through  these  and  a  cyclone  a  part  of  the  air  and  evolved  vapours 
is  discharged  into  the  atmosphere  and  the  rest  is  taken  by  another 
fan  to  the  third  effect  shells. 

The  air  and  vapours  pass  through  these  and  a  cyclone;    one  part  • 
then  passes  through  a  scrubber  and  a  heat  exchanger,  which  heats 
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water  for  the  third  and  fourth  effects,  while  the  remainder  is  taken 
by  a  fan  to  the  second  effect  shells.  The  air  and  vapours  from  these, 
after  passing  through  a  cyclone  and  scrubber,  go  through  the  same 
heat  exchcinger. 

In  both  heat  exchangers  water  trickles  downwards  on  vertical 
plates  enclosed  in  a  wooden  tower,  is  collected  at  the  bottom  and 
pumped  through  the  drier  shells,  and  returns  to  the  top,  where  it 
is  distributed  again.  In  the  one,  which  heats  the  second  effect, 
vapours  from  the  first  effect  are  admitted  at  the  bottom  and  pass 
between  the  wetted  plates  up  to  the  top,  from  where  it  returns  to 
the  first  effect  fan.  The  heat  of  the  vapours  is  thus  transferred 
to  the  water — which  heats  the  second  effect.  The  water  from  the 
bottom  of  the  other  heat  exchanger  is  pumped  through  the  third 
and  fourth  effects  in  series,  distributed  on  the  top  of  the  heat 
exchanger  and  trickles  downwards.  At  the  bottom  vapours  from 
the  second  effect  are  admitted.  The  vapours  from  the  third  effect 
are  admitted  at  the  middle  of  the  tower.  All  the  air  and  uncon- 
densed  vapours  are  discharged  at  the  top. 

Thus  this  heat  exchanger  acts  in  a  double  capacity,  transferring 
heat  from  the  second  effect  to  the  third  and  from  the  third  to  the 
fourth. 

In  the  second  effect  the  volume  of  vapours  employed  is  approxi- 
mately the  same  as  in  the  first.  In  the  third  effect  larger  volumes 
of  air  are  required  for  carrjdng  the  vapours  at  the  lower  tempera- 
tures and  in  the  fourth  larger  still.  In  order  to  maintain  a  suitable 
ratio  between  peat  and  vapour,  peat  is  circulated  in  these  effects, 
i.e.,  a  large  part  of  the  peat  from  the  cyclone  is  re-fed  into  the  air  or 
air  and  vapour  by  means  of  a  screw  conveyor. 

The  different  volumes  of  vapours  employed  in  the  different  effects 
necessitate  a  somewhat  different  arrangement  of  the  dr}dng  tubes, 
as  the  number  of  tubes  in  parallel  must  be  in  proportion  to  the 
volume. 

The  required  heating  surfaces  for  the  third  and  fourth  effects  are 
obtained  by  connecting  a  small  number  of  batches  of  tubes  in  series 
by  means  of  bends  and  return  pipes,  each  batch  containing  a  large 
number  of  tubes. 

The  heating  surfaces  for  the  first  and  second  effects  are  obtained 
by  connecting  a  large  nimiber  of  batches  of  tubes  in  series  by  means 
of  bends  and  return  pipes,  each  batch  containing  a  smaller  number 
of  tubes  in  parallel  than  in  the  third  and  fourth  effects. 
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The  peat,  air  and  vapour  travel  through  the  drying  tubes  in  an 
upward  direction. 

The  peat  containing  80  per  cent,  water  is  taken  through  a  cutter 
and  is  then  mixed  with  dried  peat  from  the  first  effect  so  as  to 
make  a  friable  mixture.     This  is  then  fed  into  the  plant. 

The  product  from  the  drier  is  taken  to  a  briquette  press  and  made 
into  briquettes. 

The  new  method  of  drying  opens  out  another  possibihty  in  con- 
nection with  peat  which  is  of  particular  interest  and  importance 
to  this  Conference. 

In  producing  electric  current  from  sohd  fuel  some  20  per  cent,  to 
25  per  cent,  of  the  calories  can  in  modem  plants  be  converted  into 
energy  and  some  60  per  cent,  contained  in  the  steam  from  the 
turbines  must  be  removed  at  a  low  temperature.  This  low  value 
heat  can  be  used  economically  in  the  new  drier  for  the  purpose  of 
drying  the  peat. 

If  steam  is  taken  from  the  turbines  at  about  65°C.,  which  only 
very  sHghtly  reduces  the  available  power,  this  low  temperatiure 
heat  is  sufficient  to  dewater  all  the  peat  required  as  fuel  from  80  per 
cent,  to  10  per  cent,  water  content.  The  drier  practically  takes 
the  place  of  a  cooling  tower. 

Through  this  arrangement  the  cost  of  fuel  for  the  power  station 
is  equal  to  the  cost  of  gathering  and  conveying  the  peat  plus  capital 
charges  and  labour  in  connection  with  the  drier,  and  this  means 
that  the  fuel  cost,  on  a  reasonable  scale  of  output,  exclusive  of 
royalties,  will  be  about  2s.  6d.  to  3s.  per  ton. 

As  the  load  factor  at  electric  installations  varies  considerably,  the 
manufacture  of  current  can  be  balanced  by  the  manufacture  of 
briquettes.  The  cost  of  these  briquettes,  again  exclusive  of  royalty, 
would  be  about  4s.  to  5s.  per  ton. 

Calculations  have  been  prepared  for  a  plant  of  30,000  kW.  capacity. 
Details  can  be  seen  from  the  Appendix.  These  calculations  show 
that,  exclusive  of  royalty,  cost  of  bog,  rates,  and  taxes,  the  cost 
per  kW.  hour  if  working  with  100  per  cent,  load  factor,  will  be 
0-0622d.  per  kWh.,  and  \\ith  a  60  per  cent,  load  factor  0-099 Id. 
per  kWh* 

APPENDIX 

The  calculations  are  based  on  the  following  factors: — 
Calorific  value  of  peat  solids  (dry)  ...  ...  ...        5,000  Kg.  calories. 

Raw  peat  delivered  to  factory  at  80  per  cent,  water  content. 

Peat  burned  under  boilers  per  hour  (dry)  ...  ...       28,410   Kg. 

=  31  British  tons  (containing  10  per  cent,  water). 
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Exhaust  steam  from  main  turbines        ...  ...  ...     138, 182  Kg.  per  hour. 

Exhaust  steam  from  auxiliary  turbine  .. .  ...  ...       15,333 

Exhaust  steam  from  evaporators  ...  ...  ...        4,349  ,, 

Load  Factor  100  per  cent. 

DRIER 
Heat  available  for  Drying. 
Main  turbine  exhaust       ...         ...         ...  ...   =  138, 182  Kg.  per  hour. 

Heat  content  of  this  steam  =  138,182x591       ...   =      81,665,562  Kg.  cal. 
Amount  available  for  drying,  allowing  52  deg.  C. 

as  temperature  of  water  from  driers   = 

138.182X  (591— 52)  =      74,480,098  Kg.  cal. 

Auxiliary  turbine  exhaust  ...  ...  ...   =  15,333  Kg.  per  hour. 

Heat  available  for  drying=  15,333  X  (621 — 90)      =       8,141,823  Kg.  cal. 
Evaporator  exhaust  ...  ...  ...         ...   =  4,349  Kg.  per  hour. 

Heat  available  for  drying=  4,349  (635—95)      ...   =       2,370,205  Kg.  cal. 
Total   heat   available   for   first   drier   at    90°C. 

=  8,141,823+2,370,205         =     10,512,028  Kg.  cal. 

Heat  required  for  Drying. 

First  Effect. 

32,500  Kg.  per  hour  peat  solids  from  37-8  per  cent,  moisture  to  10  per  cent. 
At  37-8  per  cent,  we  have  32,500  Kg.  peat  solids  plus  ...  19,750  Kg.  water. 
At  10  ,,  „         32,500  „  ,,  ...       3,610 


Water  to  be  evaporated       ...  ...  ...      16, 140  Kg.  per  hour. 


Water  to  be  evaporated 
Temperature  of  vapour  and  peat:  45  to  70°C. 
Heat  reauired. 


Heat  required.  Kg.  cal. 

To  heat  32,500  Kg.  solids               32,500x0-5x25  406,250 

19,750  Kg.  water                19,750x25  493.750 

To  evaporate  1 6, 1 40  Kg.  water      16,140x557-7  9,001,280 

To  heat  78,000  Kg.  air                     78,000x0-24x25  468,000 

10,369,280 

Radiation  142,748 


10,512,028 


Heat  Exchanger. 

Water  temperature  43-68  deg.  C. 

Heat  available.  Kg.  cal. 

Condensing  vapours               ...          ...          ...          ...          ...          ...  9,001,280 

Cooling  air      468,000 

Cooling  condensate,  1 6, 1 40  X  27     =  435,780 

9,905,060 

Less  radiation                .,.         ...  25,060 


Heat  available  for  second  effect  9,880,000 

Second  Effect. 

32,500  Kg.  per  hour  peat  solids  from  80  per  cent,  moisture  to  37-8  per  cent. 
At  80  per  cent,  we  have  32,500  Kg.  heat  solids  plus  ...     130,000  Kg.  water. 
At  37-8         ,,  ,,        32,500         ,,  ,,  ...      19,750 

Water  to  be  evaporated       ...  ...  ...   1 10,250  Kg.  per  hour. 

Temperature  of  peat,  air  and  vapour:   10  to  45  deg.  C. 
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Heat  required. 

Heating,    32,500  Kg.  solids 
130,000  Kg.  water 
Evaporating  1 10,250  Kg.  water 
Heating  1,890,000  Kg.  air 


32,500x0-5x35 
130,000x35 
110,250x572 
1,890,000x0-24x35 

Radiation 


Total 

Heat  available  from  first  effect 

Heat  to  be  supplied  from  main  turbine    ... 

Briquettes  Produced. 

Total  peat  solids  dried  per  hour 

Peat  burned  under  boilers  per  hour 

Available  for  briquetting 

=  39,800  metric  tons  per  annum, 
or       39,200  British 


Kg.  cal. 
568,750 

4,550,000 
63,063,000 
15,876,000 

84,057,750 
302,348 

84,360,098 

9,880,000 

74,480,098 

32,500  Kg.  per  hour. 
28,410     ,, 

4,090     ,, 


POWER 


Station  auxiliaries  1,818  H.P. 

Factory  power  3,773  H.P. 

Moss  power,   1,653  for  1,000  hours. 
Average  load  190  H.P. 

Total=  1,355  plus  2,815  plus  142 
Step  up  transformer  losses 

Total 
Total  kW.  generated 
Less 

Total  available  k\V.  to  feeders 


...    = 

1,355 

kW. 

...  = 

2,815 

kW. 

= 

142 

kW. 

...    = 

4,312 

kW. 

...  = 

340 

kW. 

4,652 

kW. 

33,696 

4,652 

29,044  kW.  per  hour. 


PROPOSED  PEAT  BRIQUETTE  AND  ELECTRIC  POWER  PLANT 
100  per  cent.  Load  Factor 

Estimated  Production  Costs. 

Maximum  output 

Power  sent  out  per  annum 

Briquettes  produced... 
Total  Capital  Cost  for  Plant. 
Peat  Plant. 

Moss  section 

Briquetting  section 

Drying  section  ... 

Power  plant 

Total  cost 
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29,044 

kW. 

254,425,440  kWh. 

39,200 

British  tons  per  annum, 

;^  190,000 

20,000 

222,000 

432,000 

770,000 

;^1, 202,000 
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Cost  of  Peat  at  Factory,  284,690  tons  (solids)  per  annum. 

Per  annum.  Per  ton. 
Superintendence,  wages,  repairs  and  stores            £4,294  3-G2 

Sinking  Fund  6,720  5-67 


;i^n,014 
Sinking  Fund  based  on  20  years  and  3^  per  cent. 

Cost  of  Fuel,  284,690  tons  (solids)  per  annum. 

Per  annum. 

Peat,  284,690  tons  at  9-29  pence     £\\,0\A 

Superintendence,  wages,  repairs  and  stores  19,578 

Sinking  Fund  1,692 


;£32,284 
Sinking  Fund  based  on  50  years  and  3^  per  cent. 

Cost  of  Briquettes,  39,200  British  tons  per  annum. 

Per  anTium. 

Peat,  35,820  tons  at  27-22  pence i;4,060 

Superintendence,  wages,  repairs  and  stores  3, 195 

Sinking  Fund  ...  ...  ...  ...  153 


9-29  pence, 

Per  ton. 

9-29 

16-50 

1-43 

27-22  pence, 

Per  ton. 

24-85 

19-50 

•93 

;^7,408  45-28  pence. 

Sinking  Fund  based  on  50  years  and  3^  per  cent. 

Cost  of  Power. 

254,425,440  kWh.  per  annum. 

Per  annum.       Per  kWh. 

Fuel,  248,870  tons  at  27-22  12S,22A  0-0266 

Superintendence,  wages,  repairs,  and  stores, 

as  per  Dalmernock,  per  kW 31,803  0-0300 

Sinking  Fund  5,875  00056 


;^65,902  0-0622  pence. 

Sinking  Fund  based  on  50  years  and  3^  per  cent. 

60  per  cent.  Load  Factor 
From  data  available  it  is  estimated  that  with  a  power  load  60  per  cent,  of 
29,044  kW.=  17,424  kW.  we  should  produce  32,000  British  tons  of  briquettes 
per  annum,  the  power  sent  out  being  152,634,240  kWh.  per  annum. 

Powers. 

Moss  section,  1,162  H.P.  per  1,000  hours               =  133  H.P.  average 

Power  station  auxiliaries  75  per  cent  of  1,818  H, P.  1,363     ,, 

Factory  powers                   75  per  cent  of  3,773     ,,  2,830     ,, 

4,326  or  3,224  kW. 
Step  up  transformer  loss   ...  ...  ...  ...  203  kW. 

3,427  kW. 
Total  power=  17,424  plus  3,427=20,851    kW. 
This  load  taken  on  two  large  turbines  and  the  auxiliary  turbine. 
Fuel  burned  under  boilers  per  hour=  19,540  Kg. 
Total  excavated  peat  required  per  annum=  200,000  tons   (dry). 
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Estimated  Production  Costs. 

Maximum  output      17,424  kW. 

Power  sent  out  per  annum              ...  152,634,240  kWh. 

Briquettes  produced...          ...          ...  32,000  British  tons  per  annum. 

Total  Capital  Cost  for  Plant. 

Peat  Plant. 

Moss  section       ;£150,000 

Briquetting  section       ...  ...  ...  17,000 

Drying  section 220,000 

387,000 


Power  Plant  770,000 


Total  cost       ;^1, 157,000 

Cost  of  Peat  at  Factory,  200,000  tons  (solids)  per  annum. 

Per  annum.  Per  ton. 

Superintendence,  wages,  repairs  and  stores  ...      ;^3,576  4-29 

Sinking  Fund 5,304  6-36 


;^8,880  10-65  pence. 
Sinking  Fund  based  on  20  years  and  3^  per  cent. 

Cost  of  Fuel.     200,000  tons  (solids)  per  annum. 

Per  annum.  Per  ton. 

Peat,  200,000  tons  at  10-65  pence     ;^8,880  10-65 

Superintendence,  wages,  repairs  and  stores  ...       19,098  22-93 

Sinking  Fund 1,692  2-02 


;^29,670  35-60  pence. 
Sinking  Fund  based  on  50  years  and  3^  per  cent. 

Cost  of  Briquettes,  32,000  British  tons  per  annum. 

Per  annum.  Per  ton. 

Peat,  28,930  tons  at  35-60  pence       ;^4,290  32-17 

Superintendence,  wages,  repairs  and  stores  ...        3,025  22-69 

Sinking  Fund 130  -98 


;^7,445  55-84  pence. 
Sinking  Fund  based  on  50  years  and  3^  per  cent. 

Cost  of  Power,  152,634,240  kWTi.  per  annum. 

Per  annum.  Per  kWh. 

Fuel,  171,070  tons  at  35-60  pence     ;£25,380  0-0399 

Superintendence,  wages,  repairs  and  stores  ...      31,803  0-0500 

Sinking  Fund 5,875  0-0092 


;^63,058  0-0991  pence. 

Sinking  Fund  bcised  on  50  years  and  3^  per  cent. 
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Z  US  AMMENFASSUNG 

Dieser  Bericht  behandelt  die  künstliche  Entwässerung  von  Torf  durch 
Pressen  und  Trocknen  über  einen  Zeitabschnitt  von  18  Jahren. 

Das  "Wetcarbonizing"  Verfahren,  bestehend  aus  Nassabbau,  Pumpen  nach 
der  Fabrik,  Nassverkohlung  durch  Heizen  mit  Wärmerückgewinnung,  Filter- 
pressen, Trocknen  in  einem  Gastrockner  und  Brikettieren,  wurde  erprobt, 
ergab  aber  in  der  Grossanlage  weder  einen  guten  Wärmewirkungsgrad  noch 
Wirtschaftlichkeit . 

Die  Anwendung  der  Brüdendampfkompression  für  die  Rückgewinnung  der 
Verdampfungswärme  beim  Trocknen  auf  Trockentrommel  führte  zu  teuren 
Anlagen  und  mechanischen  Schwierigkeiten  und  gab  wegen  des  hohen  Ver- 
brauchs der  Hilfsbetriebe  an  Wärme  und  Kraft  nicht  den  erwarteten  hohen 
Wirkungsgrad. 

Das  Auspressen  von  Torf  in  dünnen  Schichten  zwischen  endlosen,  durch 
zwei  Rollen  getriebenen  und  zusammengedrückten  Stahlbändern  wurde  mit 
Rohtorf,  mit  von  den  kolloidalen  Bestandteilen  befreitem  Torf  und  mit  Torf, 
worin  diese  Teile  nassverkohlt  waren,  versucht.  Die  Versuche  ergaben  kein 
einfaches  Verfahren. 

Für  die  Trocknung  von  in  dieser  Weise  gepresstem  Torf  wurde  ein  Trockner 
erfunden,  in  welchem  das  Torfpulver  mit  Luft  durch  dampfgeheizte  Röhren 
geblasen  wird.  Da  eine  gute  Wärmeüberführung  erzielt  wird,  können  kleine 
Temperaturunterschiede  mit  Vorteil  ausgenutzt  werden.  Es  wurde  ein 
Verfahren  ausgearbeitet,  bei  dem  mit  Hilfe  eines  Wärmeaustauschers  die 
Wärme  mehrmals  zum  Trocknen  verwendet  werden  kann.  Durch  unmit- 
telbare Berührung  der  Brüden  aus  den  Trocknern  mit  Wasser  auf  grosser 
Oberfläche  wird  dasselbe  erwärmt  und  '  kann  zum  Heizen  eines  anderen 
Trockners  benutzt  werden. 

Man  fand,  dass  die  Wärme  auf  diese  Weise  viermal  zur  Trocknung,  bei 
stufenweise  abnehmenden  Temperaturen,  verwendet  werden  kann.  Dies 
bedeutet  eine  hohe  Wärmewirtschaftlichkeit,  und  da  ausserdem  durch  Moor- 
entwässerung und  teilweise  Lufttrocknung  ein  Torf  von  80°o  Wassergehalt 
erhältlich  ist,  konnte  auf  das  Pressverfahren  verzichtet  werden.  Die  weitere 
Trocknung  erfolgt  nach  dem  beschriebenen  neuen  Verfahren  billiger  und 
zuverlässiger  als  durch  Lufttrocknung. 

Ein  Verfahren  wurde  entworfen  und  Maschinen  konstruiert  für  die  Aufnahme 
und  den  Transport  während  der  Sommermonate  von  teilweise  getrocknetem 
Torf  nach  einem  Lagerhaufen. 

Es  wurde  eine  Anlage  gebaut,  die  unter  viermaliger  Wärmeausnutzung 
stündlich  5  englische  Tonnen  Torf  von  80%  auf  10%  Wassergehalt 
herabtrocknet  und  brikettiert. 

Die  Erzeugung  von  Kraft  aus  Torf. 

Die  in  Turbinenabdampf  enthaltene  Wärme  reicht  für  die  Herabtrocknung 
des  für  die  Erzeugung  des  Dampfes  notwendigen  Torfes  von  80%  auf  10% 
Wassergehalt  aus.  Wenn  der  Dampf  mit  65 °C  abgenommen  wird,  was  die 
Krafterzeugung  nur  wenig  vermindert,  kann  der  Torf  in  diesem  Trockner 
sehr  billig  getrocknet  werden.    Folglich  kann  sehr  billige  Kraft  erzeugt  werden. 

Es  ist  hier  in  England  der  Bau  einer  Anlage  nach  diesem  System  mit  einer 
Krafterzeugung  von   30  000  kW  geplant. 
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Area  of  the  Peat  Fields  and  their  General  Characteristics 

The  peat  fields  of  Latvia  are  wide-spread  and  of  considerable 
extent.  Peat  field  investigations  were  begun  in  1919,  and  have  been 
prosecuted  in  two  directions  :  (1)  general  survey  and  (2)  detailed 
investigation.  In  the  beginning,  peat  fields  were  considered  only 
in  the  vicinity  of  larger  rivers,  railroads  and  near  the  larger 
centres.  Latterly,  detailed  investigation  has  been  carried  on  only 
in  those  peat  fields  where  in  the  near  future  utilisation  is  possible. 
But  systematic  general  surveys  are  being  carried  on  separately 
in  different  provinces  of  the  country. 

By  the  information  obtained  from  distributed  questionnaires,  state 
land-surveying  statistics,  and  information  obtained  in  work  of 
peat  field  investigation,  the  area  of  Latvian  peat  fields  is  as 
follows  : — 


Districts. 

Area  of  peat  fields. 

Provinces. 

Per  cent. 

Hectares. 

Rïgas 

Cêsu 

Valmieras 

Valkas      

Modonas 

8-9 

5-5 

10-5 

10-6 

8-6 

57,400 
17,800 
78,500 
50,600 
34,100 

Vidzeme  ... 

9-2 

208,400 
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Districts. 

Area  of  peat  fields. 

Provinces. 

Per  cent. 

Hectares. 

Liepâjas  ... 

Aizputes 

Kuld'igas 

Ventspils... 

Talsu 

10-6 
8-3 
6-8 

12-2 
5-8 

27,300 
15,800 
22,700 
39,500 
12,600 

Kurzeme 

8-9 

117,600 

Tukuma  ... 
Jelgavas  ... 
Bauskas  ... 
Jêkabpils 
Ilükstes   ... 

50 
5-5 
8-7 
9-8 
6-4 

12,700 
19,300 
20,000 
29,500 
14,300 

Zemgale  ... 

70 

95,800 

Daugavpils 
Rêzeknes 
Ludzas     ... 
Jaunlatgales 

13-2 
17-0 
12-2 
13-4 

63,200 
72,300 
28,500 
57,500 

Latgale    ... 

141 

221,500 

Total 

9-8 

643,300 

Up  to  1927  we  have  investigated  only  156,633  hectares,  that  is 
24.3  per  cent,  of  the  total  area  of  our  peat  fields.  Especially 
large  peat  land  regions  are  found  in  Latgale,  in  Northem- 
Vidzeme,  in  the  vicinity  of  Riga,  in  Kurzeme,  along  the  Baltic 
Sea  and  in  Zemgale,  in  the  districts  of  Jêkabpils  and  Bauska. 

The  depths  of  our  peat  lands  vary.  The  greatest  depth  that  we 
have  found  is  12  metres;  depth  of  sphagnum  mosses  varies  from 
3  to  8  metres,  grass  moors  from  2  to  6  metres.  The  average 
working  depth  of  peat  land  is  3  to  4  metres. 

The  upper  layers  of  the  large  sphagnum  bogs,  because  of  the 
rapid  growth  of  moss,  have  not  decayed  yet.  In  some  bogs,  these 
lightly  decayed  layers  of  sphagnum  reach  1  to  2  metres.  There 
are  also  sphagnum  bogs  where  the  decaying  process  has  gone 
comparatively  far,  that  is,  up  to  the  upper  layers. 

Water  content  in  most  Latvian  bogs  is  considerable,  but  in 
general  the  water  content  in  sphagnum  mosses  is  greater  than  in 
grass  moors.  The  natural  amount  of  water  taking  the  mean 
amount  in  all  layers  in  undrained  sphagnum  mosses  varies  from 
92  to  94  per  cent.,  but  in  grass  moors  from  90  to  92  per  cent. 
(Table  L) 
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In  well-drained  sphagnum  moss  the  water  content  diminishes  to 
88  per  cent.,  but  in  insufficiently  drained  moors  it  falls  only  to 
90  per  cent.  Grass  moors  may  be  easily  drained  to  80  to  85  per 
cent.  The  upper  layers  and  less  decayed  parts  of  sphagnum 
mosses  contain  a  higher  percentage  of  water,  but  this  quantity 
varies  widely.  With  increase  in  depth  of  the  bog,  and  with  in- 
crease of  decay  of  peat,  in  peats  of  definite  botanical  constitution, 
the  amount  of  water  stabilises  and  becomes  more  or  less  constant. 
Generally,  the  amount  of  water  decreases  with  the  depth  of  bog. 

The  complexity  of  the  peat  bog  constitution  shows  itself  in 
different  layers  of  peat  and  in  the  grouping  of  their  technical 
peculiarities. 

The  heat  energy  resources  are  stored  up  according  to  the  forma- 
tion of  bog  itself.  This  is  shown  clearly  in  vertical  sections  made 
in  a  peat  bog.  The  more  decayed  layers,  created  in  the  dry 
periods,  are  richer  in  carbon,  and  have  greater  specific  gravity. 
They  also  give  more  of  the  dry  matter  from  every  cubic  metre  of 
natural  bog,  and  of  greater  heat  capacity. 

When  the  sphagnum  moss  grows  and  raises  the  vertical  height, 
the  amount  of  ash  in  the  new  growing  layers  continuously 
diminishes.  Especially  low  in  ash  content  are  the  central  parts  of 
sphagnum  mosses,  while  the  edges  of  the  bogs  are  rich  in  ashes. 
Parallel  with  the  decrease  of  ash  is  also  found  the  grouping  of 
layers  according  to  their  decaying.  In  such  a  way,  peat  with 
the  greatest  heat  value  lies  somewhere  between  the  centre  of  the 
bog  and  its  periphery. 

The  various  plant  remains  have  formed  the  different  peat  layers. 
These  have  passed  various  periods  of  formation  ;  they  are  formed 
in  various  circumstances  and  various  places,  and  have  been  found 
in  various  depths.  Therefore,  it  follows  that  in  the  constitution 
of  every  bog  there  are  included  not  only  the  general  character- 
istics but  also  the  individual  features.  As  general  characteristics 
we  mention,  for  example,  that  sphagnum  peat  contains  less  mineral 
matter  than  grass  moor  peat;  or,  again,  generally  the  amount  of 
carbon  and  nitrogen  increases  as  the  depth  of  peat  and  greater 
amount  of  decay  increases,  while  Hg  and  O2  decrease.  But  in 
addition,  there  may  be  specific  features  of  individual  bogs. 

The  above  statements  may  be  verified  in  the  following  tables. 
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TABLE  I. 
THE  CHARACTER  OF  VERTICAL  CUTS  OF  SOME  PEAT  BOGS 


>>   . 

(0  «  -M 
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V 

e 

lutely 
r   cen 

'S  c 

_3 
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y  peat 
1  eu. 
eat. 
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Description. 
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d  ^ 
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V,  a 

1-.  rt 
O  u 

a 

^ 

|l 

1  eu. 
wet  F 
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U 

The  a 

give 

obtain 

0 

"PLOCU"  peat  field  (not  drained).  Kurzeme,  distr.  Liepâjas. 


Slightly  decayed  sphagnum  peat 


Well 
Strongly 


eriophor-sphagnum 

peat 
sphagnum-woody     ,, 
sphagn. -woody        {  + 

sedge)  peat 
sphagn. -woody  (  + 

sedge  +  reed)  peat... 


100 
2-00 


3^00 
400 


5-00 


6-00 


311 
2-71 


1-81 
4-48 


7-48 


16-90 


93-8 
93-5 

94-4 
89-8 

86^8 

88-9 


60 
58 


56 
105 


146 


145 


4,850 
4,883 

4,900 
5,300 

5.290 

4,945 


"KAIGU"  peat  field  (not  drained).     Zemgale,  distr.  Jelgavas. 


Slightly  decayed  sphagnum  peat 


Well 
Strongly 


eriophor-sphagn.  peat 
sedge-sphagnum 


0-50 
1-00 
1-50 
2-00 
2^50 
3-50 


2-34 
102 
302 
1-99 
3-26 
8-79 


94-4 
94-9 
94-7 
95- 1 
94-8 
93-0 


56 
48 
53 
46 
55 
96 


4,985 
5,120 
5,015 
5,075 
5,135 
5,290 


291,000 
283,000 

274,000 
557.000 

772.000 

717,000 

279,000 
246,000 
266,000 
233,000 
283,000 
508,000 


"LIELA-PEISA"  peat  field  (not  drained).     Latgale,  distr.  Jounlatgales. 


1-00 

2-68 

94-8 

51 

5,190 

200 

5-53 

93-2 

70 

5,340 

3-00 

9-76 

91-7 

83 

5,320 

4-00 

10-33 

90-4 

98 

5.410 

500 

50-26 

86-2 

156 



Slightly  decayed  eriophor-sphagn.  peat 
Well  ,,       hypn.-sedge-woody- 

sphagn.  peat 
Strongly         ,,       sphagnum-woody- 
sedge  peat  ... 
.,       woody-sedge-     (+ 
sphagnum)  peat 
,,  ,,       woody-hypn. -sedge 

(-f  sedimentary -t- 
SiOg)  peat     ... 
"STEPERU"  peat  field  (not  drained).     Latgale,  distr.  Daugavpils 
Slightly  decayed  eriophor-sphagn.  peat 

Well  ,,       eriophor-woody- 

sphagn.  peat 
eriophor-sphagn. - 
woody  peat 
Strongly         ,,       hypnum-sphagnum- 
woody  peat 
woody-eriophor- 
sphagnum  peat 

"OSENIEKU"  peat  field  (not  drained) 
Slightly  decayed  eriophorum-sphagnum 


1-00 

1-63 

96-0 

44 

5,000 

2-00 

0-82 

96-2 

41 

5,050 

3-00 

1-80 

93-7 

68 

5,380 

4-00 

1-74 

93-7 

67 

5,385 

5-00 

2-37 

90-9 

91 

5,450 

5-50 

2-66 

88-8 

119 

5,430 

265,000 


374,000 


442,000 
530,000 


220,000 
207,000 

366,000 

361,000 

496,000 


646,000 


Latgale,  distr.  Daugavpils. 


peat 

1-00 

1-81 

96-0 

41 

4,900 

201,000 

200 

1-20 

95-8 

43 

5,015 

216,000 

3-00 

1-23 

96-3 

39 

5,000 

195,000 

Well 

4.00 

1-27 

95-3 

48 

5,100 

245,000 

Strongly         ,,       eriophor-woody- 

sphagn.  peat 

5-00 

1-77 

93-5 

67 

5,310 

356,000 

,,              ,,       hypn.-woody-eriopho- 

sphagn.  peat 

6-00 

2-09 

94-2 

58 

5,375 

312,000 

7^20 

4-74 

94-0 

62 

5.290 

328,000 
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Description. 


>»  . 

^-o.^ 

«_-« 
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OJ    1) 
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s 

Is 

Sä 
2Ö 

3  «  Ç 

3 
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c  tT 
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^:^ 

•a 
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a 

1) 

1  cu.  m. 
wet  peat 
utely  dry 

o  " 

"n 
U 

u  !r  -i 


a  >,S  « 


1-25 
2-50 
3-50 

4-50 


"LOSEVAS"  peat  field  (not  drained). 
Well  decayed  woody-sphagnum  peat 
Slightly      ,,       sphagnum 

sphagnum-sedge 
Well  ,,       hypnum-sphagn.     (+eri- 

oph .-(- sedge)  peat 
"VILKU"  peat  field   (not  drained) 
...     1- 
...    2- 
...    3- 
"SLOKAS"    peat    field    (drained) 
Well  decayed   sphagnum  (+eriophor  -|- 
woody)  peat., 


Latgale,  distr.   Jounlatgales. 
3-51     90-9  !     91        5,420     493,000 


3-38 
2-50 


94-9 
93-5 


52 
66 


4,860 
5,100 


253,000 
337,000 


Well  decayed    woody-sedge  peat 
Strongly    ,, 


3-44    89-2      102        4,900     500,000 
Latgale,  distr.  Daugavpils. 

479,000 
372,000 
457,000 


1-00 

6-49 

90-4 

95 

5,040 

2-00 

5-65 

92-5 

73 

5,090 

3-00 

10-47 

90-5 

94 

4,860 

Vidzeme,    distr.    Rigas. 


Strongly 

Well 

Strongly 


Well 


Strongly 


sphagnum-woody  (  -f 

erioph.)  peat  ... 
woody-eriophor-sphag-    . 

num  peat 
woody     (  +  sphagn.  -f  eri- 

oph.-(-reed)  peat 
eriophor-woody-sphag- 

num  peat 
woody  (sphagn.  + 

+  reed+  SiOo)  peat 


0-50 
100 


1-50 


2-00 


2-50 


3-00 


3-50 


1-43 
1-60 


80-5 
89-5 


M9     86-0 


1-66 
2-50 
9-51 


85-5 
86-0 
86-2 


8-98  1  85-7 


121 
104 

144 

146 

138 

145 

153 


5,210     630,000 
5,199     541,000 

5,423     781,000 


5,294 
5,435 
4,710 


5,015 


"SIGULDAS"   peat  field   (drained).     Vidzeme,   distr.   Rigas. 
Strongly  decayed  sphagnum  peat 
Well 
Strongly 
Well  ,,         sedge-eriophor- 

sphagn.  peat 
Strongly 

,,  ,,         woody-reed-sedge  ,, 

"SLEPERU"   peat   field   (drained). 
Slightly  decayed  eriophorum-sphagnum 

peat 
,,  ,,         sphagnum 


0-50 

1-63 

92  0 

92 

5,390 

1-00 

1-50 

92-0 

85 

5,200  I 

1-50 

112 

91-6 

90 

5,420 

2-00 

1-84 

90-4 

98 

5,180 

2-50 

1-66 

89-8 

103 

5,390 

3-75 

7-35 

88-5 

120 

5,115 

Vidzeme,   distr.   Rigas. 


Well 


Strongly 


woody-eriophor- 
sphagn.  peat 

eriophor-woody- 
sphagn.  peat 

reed-erioph-sphagn.- 

woody  peat 
eriophor-reed-sphagn.- 

woody  peat 
eriophor-reed-woody- 

sphagn.  peat 
reed-woody-sphagnum 

peat 


0-50 

1-45 

89-6 

104 

5,011 

1-00 

1-50 

93-3 

68 

5,008 

1-50 

1-30 

94-2 

56 

5,031 

2-00 

0-76 

94-2 

58 

5,054 

2-50 

1-65 

93-4 

65 

5,196 

3-00 

113 

92-3 

65 

5,229 

3-50 

1-72 

93-4 

67 

5,192 

4-00 

110 

92-5 

74 

5,230 

4-50 

205 

92-3 

88 

5,366 

500 

3-85 

92-2 

87 

5,250 

5-50 

4-75 

91-8 

86 

5,193 

6-00 

4-38 

91-2 

85 

5,217 
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773,000 
750,000 
683.000 
767,000 

496,000 
442,000 
488,000 

508,000 
555,000 
613,000 

521,000 
341,000 
282,000 
293,000 

338,000 
340,000 

348,000 
387,000 

472,000 

457,000 

447,000 

443,000 
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Resources  of  Peat  in  Latvia  and  its  use  as  a  Fuel 

The  resources  of  Latvia  are:  (1)  waterfalls,  (2)  peat  and  (3) 
firewood.  Considering  the  technically  utilisable  bog  areas,  working 
depth,  and  also  the  amount  of  dry  peat  given  by  one  cubic  metre 
of  natural  peat_,  Latvian  peat  bogs  can  produce  1,125,000,000  tons 
(1  ton=1.000  Kg.). 

Reckoning  energ}-  given  by  waterfalls  and  firewood  from  all  our 
forests  for  a  thousand  years  on  standard  6,000  cal.  fuel  value  (air 
dry  firewood  reckoned  3.000  cal.),  we  get  the  following  proportions 
of  the  above-mentioned  three  energy  sources,  expressed  as  per- 
centages : — 

Waterfalls,  53  per  cent,  of  all  our  energy  sources. 

Peat,  36  per  cent.  ,,  „ 

Firewood,  11  per  cent.  ,,  „ 

Total,    100   per   cent.  „  „ 

The  amount  of  water  in  differently  drained  bogs,  taking  into 
consideration  the  special  characteristics  of  individual  bog  varies 
from  80  to  90  per  cent. 

One  cubic  metre  of  naturally  wet  sphagnum  moss  peat  gives  in 
general  120  to  200  Kg.  of  air  dry  peat.  Grass  moor  peat  taken 
under  similar  conditions  gives  140  to  300  Kg. 

The  amount  of  ash  in  peat  varies  greatly.  Its  quantity  varies 
not  only  in  different  bogs  and  in  dift'erent  bog  types,  but  also  in 
different  layers  of  the  same  bog.  From  the  tables  it  is  seen  that 
the  amount  of  ash  increases  with  depth,  but  in  spite  of  that  it 
should  be  mentioned  that  on  the  surface  its  quantity  is  always 
greater  than  at  a  depth  of  1  to  2  metres  ;  there  the  ash  content 
is  comparatively  small.  At  deeper  levels  the  ash  per  cent,  again 
continually  increases  towards  the  bottom. 

In  spite  of  all  these  variations  we  can  state  that  in  practical  peat 
utilisation  the  amount  of  ash  in  sphagnum  moss  peat  fuel  varies 
from  1  to  5  per  cent.,  in  grass  moor  peat  fuel  from  5  to  10  per 
cent. 

The  greatest  amount  of  ash  is  given  by  reed  peat  from  8  to  12 
per  cent.,  the  sedge  peat  gives  3  to  6  per  cent,  of  ash,  hypnum 
peat  2  to  8  per  cent.,  eriophorum-sphagnum  peat  1  to  3  per  cent. 

The  characteristics  of  some  typical  peat  ashes  are  given  in  the 
following  table,  showing  their  chemical  constitution. 
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TABLE  II. 
ANALYSES  OF  PEAT  ASH 


Description. 


Absolutely  dry  peat. 


Ash 


Ash  dissolved  in  cone.  HCl. 


Undissolv.    ^    p,    , 
residue     I  ^^2^3  + 
(SiO,) 


ALO, 


CaO 


MgO 


SO, 


P2O5 


"SKREBELU"  peat  field.     Latgale,  distr.  Daugavpils 
Slightly  decayed  sphagnum 

313 


Well 


Strongly 


peat    1-0  m. 
eriophor- 

sphagn. 

peat    2-0  m. 
eriophor- 

sphagn. 

peat    30  m. 

woody-erio- 

phor-sphagn. 

peat    4-0   m. 

sedge-eriophor 

sphagn. 

peat    5-0  m. 
eriophor- 
woody-sphagn 

peat    6-0  m. 
eriophorum 

sphagnum 

peat    6-7  m. 


1-73 


1  47 


1-39 


1-46 


3-51 


4-74 


1-93 


0-72 


0-39 


0-35 


0-34 


0-81 


1-74 


0-40 


0-33 


0-26 


0-23 


0-21 


0-51 


0  71 


0-31 


0-22 


0-25 


0-35 


0-36 


1-38 


1-63 


0-16 


013 


0-16 


012 


0-10 


013 


0-12 


0-19 


0-18 


0-24 


0-21     0-27 


0-18  '  0-27 


'RUGATNIEKU"   peat   field.     Latgale,    distr.    Daugavpils 
"Well  decayed  sedge-woody  peat 

Depth   1-0  m.   6-41  1-10 

Well  decayed  hypn  .-sedge  peat 

Depth     2-0  m.    5-36  0-60 

Slightly    decayed    hypn.  -  sedge 

0-48 


peat  Depth    3-0  m . 

Strongly  decayed  hypn. -sedge- 
woody  peat        Depth    3-8  m. 


6-41 
5-36 
4-33 
12.21 


4-90 


0-74 
0-66 
0-84 
1-91 


3-21 
2-62 
2-32 
315 


0-50 
0-33 
0-26 


0-50 
0-45 
0-30 


0-10 
007 
0-09 
0-05 
0-09 
016 
0-13 

009 
007 
012 


0-50     0-98     0-25 


The  variation  of  water  content  in  air-dried  peat  is  quite  con- 
siderable, because  it  is  closely  bound  with  the  nature  of  the  peat 
and  the  methods  of  its  preparation.  The  moisture  in  machine 
peat  varies  from  20  to  35  per  cent.,  in  hand-cut  peat  from  25  to 
40  per  cent. 

Calorific  value  of  absolutely  dry  peat,  taking  into  consideration 
its  botanical  constitution,  stage  of  decay,  and  ash  content,  varies 
from  4,800  to  5,760  cal.,  and  that  of  air-dried  peat  from  2,900 
to  4,260  cal. 

The  amount  of  volatile  products  in  organic  matter  varies  from 
52  to  70  per  cent.  As  an  exception  must  be  mentioned  sedimen- 
tary peat  where  the  amount  of  volatile  products  exceeds  80  per 
cent. 
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The  amount  of  fixed  carbon  varies  from  30  to  48  per  cent. 


TABLE  III. 
AMOUNT    OF    VOLATILE    MATTER    IN    DIFFERENT    PEATS 


Description. 


Absolutely  dry  peat. 


Volatile  | 
matter    I  Ash 

per  c^nt.     per  cent, 


Fixed 
carbon 
p3r  cent. 


Absolutely    dry 
organic  matter. 


Volatile 
matter 
per  cent. 


Fixed 
carbon 

per  cent. 


53-56 

13-72 

32-72 

62-08 

62-64 

5-98 

31-98 

65-99 

59-89 

6-44 

33-67 

64-02 

56-93 

10-65 

32-42 

63-72 

59-01 

8-09 

32-90 

64-20 

60-20 

7-26 

32-54 

69-91 

1.     Vidzeme,   distr.    Rigas. 

64-10         5-20 

30-70 

67-60 

63-60     !     5-90 

30-50 

67-60 

Vidzeme,  distr.  Rigas. 


RUGÄTNIEKU"   peat   field.     Latgale,    distr.    Daugavpils. 

Well  decayed  woody-sedge  (  +  SiOg)  peat 

Depth     1-0  m. 

Strongly  decayed  hypnum-sedge  peat 

Depth     2-0  m. 

Strongly  decayed  sphagn.    (hypn.    + 

woody)  peat  Depth     3-0  m. 

"SIMATU"  peat  field.     Latgale,  distr.  Daugavpils. 

S  troEglv   decayed   woody-sedge   peat 

1-0  m. 
Strongly)  decayed  sphagn. -hypn-sedge 
(woody  peat      ...  ...  1-5  m. 

Strongly  decayed  hypnum-sedge  peat 

2-0  m. 

"SIGULDAS"   peat  field 

Strongly  decayed  sedge-woody  peat    . 
Strongly    decayed    woody-sphagn.   (  + 
hypn. -t- reed  +  sedge)  peat 

"SLOKAS"  peat  field 

Strongly  decayed  woody-sphagnum  peat  62-40 
Strongly  decayed  sedimentary  (-f  woody 

-|- reed  +  sphagnum)  peat        ...          ...  71-00 

Slightly  decayed  sphagnum  peat          ...i  61-96 

"SAUSAIS"  peat  field.     Latgale,  distr.  Dougavpils. 

Strongly      decayed      eriophor-sphagn.-  I  111 

woody  peat    ' [     66-00     |     3-60  |    30-40  1     68-50 

"DRABINU"  peat  field.     Zemgale,     distr.     Jelgavas. 

Slightly     decayed    eriophor-sphagnum 

peat        ...  ...  ...  1  -0  m. 

Well  decayed  sphagnum  peat  3-0  m. 

Strongly  decayed  woody-sphagnum  peat 

6-0  m. 
Strongly    decayed    eriophor-sphagnum 

peat        ...  ...  ...  4-0  m. 

Strongly  decayed  sphagnum-woody  peat 

l+SiOj)  9-0  m. 

"ADAMOVAS"   peat   field.     Latgale,   distr.   Rëzeknes. 
Well  decayed  sedge  peat  ;    62-00    |    5-40    |  32-60  |     65-54 

"MARTISEVAS"  peat  field.     Latgale,  distr.  Ludzas. 

Well  decayed  hypnum  peat       '     66-17     I     5-32    |  28-51    1     69-89 

"DREILINU"   peat  field.     Vidzeme,  distr.  Rigas. 
Slightly  decayed  sphagnum  peat  ...\    68-52     |     1-25    |  30-13  [    69-49 
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8-50 


12-10 
1-12 


29-10 


16-90 
36-92 


68-20 


80-77 
62-65 


61-36 

1-15 

37-49 

62-07 

55-87 

6-55 

37-58 

59-79 

51-66 

6-29 

42-05 

55-13 

50-47 

8-10 

41-43 

54-92 

36-42 

29-73 

33-85 

51-83 

37-92 
3401 
35-98 

36-28 
35-80 
35-09 

32-40 
32-40 

31-80 

19-23 
37-35 

31-50 

37-93 
40-21 

44-87 

45-08 

48-17 

I    34-46 

I    30-11 

i    30-51 
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These  organic  products  are  characterised  by  more  closely  ultimate 
analysis  of  the  dry  organic  matter  and  free  hydrogen. 

The  amount  of  carbon  varies  from  52  to  60.5  per  cent.,  hydrogen 
from  4.9  to  6.4  per  cent.,  free  hydrogen  from  0.05  to  2.73  per  cent. 

TABLE  IV. 
ULTIMATE  ANALYSIS  AND  FREE  HYDROGEN  IN  DIFFERENT  PEATS 


Description. 


Absolutely  dry  organic  matter. 


H, 


N, 


Free. 
H, 


"DRABINU"  peat  field.     Zemgale,  distr.  Jelgavas. 


51-96  I    5-85 


41-28 


38-87 


Slightly  decayed  sphagnum  peat   Depth   1  -0  m 
Strongly    decayed    sphagn. -woody    peat 

Depth     6-0  m.     54-93       4-91 

"DREILINÜ"  peat  field.     Vidzeme,  distr.  Rigas. 

Slightly  decayed  sphagnum  peat  |  52-65  [    5-42  [  41-22 

"KAIGU"  peat  field.     Zemgale,  distr.  Jelgavas. 

Well      decayed     eriophor-sphagnum     peat 

Depth     4-0  m.  |  52-48  |    6-16  |  40-21 

"SIGULDAS"  peat  field.     Vidzeme,  distr.  Rigas. 

Strongly    decayed    woody-sphagn.    (+hypn.+ 

reed+ sedge)  peat         ...  ...  ...  ...  j  58-38  '     5-46 

Strongly  decayed  sedge-woody  peat     ...  ...  |  58-77  i     5-49 

"MARTISEVAS"  peat  field.     Latgale,  distr.  Ludzas. 

Well  decayed  hypnum  peat       |  56-98  |    5-84  |  34-84 

"TIMSINU"  peat  field.     Latgale,   distr.   Daugavpils. 

Strongly  decayed  woody-hvpnum-sedge  peat      \  [ 

Depth     1-0  m 


0-91 
1-29 


33-29 
32-69 


1-15 


2-87 
3-05 


woodv-sedge  peat 

Depth 


2-0  m. 


3-0  m. 
4-0  m. 


54-71 
54-06 


56-51 
57-82 


6-40 
6-12 


5-75 
5-72 


35-75 
36-40 


35-20 
33-72 


"SAUSAIS"  peat  field.     Latgale,  distr.  Daugavpils. 
Strongly  decayed  eriophor .-sphagn. -woody  peat  |  59-34  |    5-87  |  33-13 
"ADANOVAS"  peat  field.     Latgale,  distr.  Rëzeknes. 

Well  decayed  sedge  peat  |  59-15  |    5-90  |  31-64 

"SLOKAS"  peat  field.     Vidzeme,  distr.  Rigas. 


3-14 
3-42 


2-54 
2-74 


1-66 
3-31 


0-69 
0-05 


0-71  I     0-27 


Ml 


1-30 
1-41 


2-34  1     1-49 


1-93 
1-57 

1-35 
1-51 

1-73 

1-94 


Slightly  decayed  sphagnum  peat 

53-95 

5-53 

39-47 

1-05 

0-60 

Strongly         ,,       woody-sphagn.  peat 

60-35 

6-04 

31-34 

2-17 

2-12 

sedimentary    (  + woody -j- reed 

+  sph.)  peat 

55-80 

7-02 

34-34 

2-84 

2-73 

The  Latvian  peat  fields  contain  comparatively  small  quantity  of 
sulphur.  In  sphagnum  moss  bogs  the  amount  of  sulphur  varies 
from  0.1  to  0.3  per  cent.,  but  in  grass  moors  from  0.3  to  1.0  per 
cent.     (Table  II.) 
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In  general,  more  sulphur  is  found  in  the  lower  layers  of  bogs, 
especially  in  those  that  are  connected  with  gypsum.  The  amount 
of  volatile  sulphur  is  exceptionally  small,  in  sphagnum  peats  it 
runs  about  0.05  per  cent.,  in  hypnum  and  sedge  peats  about  0.08 
per  cent.  A  higher  percentage  of  volatile  sulphur  is  found  in 
reed  peats. 

The  shrinkage  of  different  peats  varies  from  2.5  to  8,  apparent 
specific  gravity  of  hand-cut  peat  varies  from  0.15  to  0.7,  of 
machine  peat  from  0.6  to  1.1.  True  specific  gravity  varies  from 
1.4  to  1.6. 

Production  .\nt)  Utilisation  of  Peat  Fuel 

The  production  of  peat  fuel  was  begun  in  1919.  The  new  State 
started  the  utilisation  of  peat  under  very  favourable  conditions  ; 
the  country  was  ruined  by  the  world  war,  the  peat  bogs  were 
uninvestigated  and  not  drained.  Peat  utilisation  in  our  country 
was  a  comparatively  unknown  affair,  and,  therefore,  this  new 
industry  could  not  attract  much  interest  and,  consequently,  also 
not  much  capital.  Therefore,  it  was  really  the  duty  of  the  State 
to  take  the  matter  in  its  hands,  and  try  to  give  this  new  industry 
the  first  push. 

In  1919,  the  work  in  the  peat  fields  was  begun  with  only  two 
machines,  in  1920  the  number  of  machines  increased  to  fourteen 
and  in  1921  it  reached  thirty-one.  The  machines  used  are  mostly 
of  Swedish  type,  viz.,  elevator  system  with  Person's  peat  trans- 
porters.    Part  of  our  peat  is  cut  by  hand,  without  machinery. 

In  1920,  of  all  the  peat  produced,  13.13  per  cent,  was  cut  by 
machinery,  and  86.87  per  cent,  by  hand.  In  1921,  43.51  per  cent, 
was  produced  by  machinery  and  56.49  per  cent,  by  hand.  At 
the  present  time  about  one  half  of  all  peat  produced  is  worked  by 
machinery  and  the  other  half  by  hand. 

In  1922,  the  new  peat  industry  suffered  a  crisis.  The  State  dis- 
continued its  peat  production  because  there  were  no  buyers  for  it. 
The  State  had  produced  137,600  cubic  metres  of  air-dried  peat, 
but  it  was  possible  to  sell  only  96,600  cubic  metres.  From  the 
economic  standpoint  peat  could  very  well  stand  competition  with 
firewood.  This  was  a  peculiar  situation;  on  the  one  hand,  the 
State  produced  peat_,  but,  on  the  other  hand,  State  institutions  for 
various  reasons  did  not  support  its  wider  use.  So,  although  the 
peat  could  stand  its  place  in  the  market,  yet  because  of  lack  of 
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buyers  this  really  insignificant  amount  of  prepared  peat  made  it 
look  as  if  there  was  overproduction  of  peat  fuel. 

Two  of  the  former  State  peat  fields  were  taken  over  by  the  chief 
State  prison  administration,  which  successfully  continues  the  work 
up  to  date.  One  peat  field  became  a  State  concern  on  an  economic 
basis,  but  the  rest  were  taken  over  by  different  private  firms. 

From  this  time  the  peat  industry  entered  a  new  phase.  On  the 
one  hand,  it  suffered  because  private  initiative  was  not  sufficiently 
active  successfully  to  continue  the  work  already  started  ;  on  the 
other  hand,  the  utilisation  of  peat  on  a  small  scale  was  begun  in 
many  places  by  the  country  people  for  their  own  use. 

But  almost  all  Latvian  peat  fields  belong  to  the  State,  and  they  are 
managed  by  the  Division  of  Peat  of  the  Ministry  of  Agriculture, 
whose  duty  it  is  to  direct  and  develop  the  utilisation  of  peat  fields. 
The  State,  without  any  charge,  makes  the  investigations  of  peat 
fields  for  everybody,  works  out  utilisation  projects,  and  partly 
covers  the  expenses  of  drainage.  Peat  fields  are  rented  for  several 
years  for  exploitation,  the  State  also  giving  permission  to  cut  peat 
for  a  definite  use.  The  State  charges  four  centimes  for  every  cubic 
metre  of  peat  cut. 

In  1927,  peat  was  being  worked  in  fifteen  places  on  long  leases, 
but  by  special  permission  peat  is  cut  in  thirty  places.  In  general, 
the  peat  utilisation  methods  are  very  simple:  (1)  peat  is  cut  by 
hand,  or  (2)  is  worked  with  simple  machines.  Peat  is  dried 
where  it  is  cut  in  the  open  air,  and  the  drying  field  is  utilised  only 
once  in  the  year.  Peat  production  with  us  is  a  seasonal  work, 
dependent  on  our  climatic  conditions  with  all  its  consequences. 
Therefore,  often  the  peat  fuel  contains  40  per  cent,  of  moisture, 
but  sometimes  even  more,  especially  that  cut  by  hand. 

The  State  penitentiary  is  working  with  six  machines  in  two  peat 
fields,  with  350-400  prisoners  in  two  working  periods  daily. 

Altogether,  in  the  peat  industry  there  are  employed  from  1,500- 
2,000  persons. 

Peat  is  used  in  the  first  place  by  the  country  people,  who  produce 
peat  for  their  own  use.  To-day  railways  also  gladly  use  machine- 
made  briquettes,  but  because  machine-made  briquettes  are  pro- 
duced in  small  quantities,  the  railways  use  yearh'  only  about 
4,000  tons. 

The  State  penitentiary  uses  peat  for  its  institutions  and  brick 
factory.     The  rest  of  the  peat  is  used  by  different  small  buyers. 
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TABLE  V 

FUEL   VALUE    OF 

PREPARED 

PEAT 

In  air  dry  peat. 

Absolutely 
dry  peat. 

Description. 

Calorific 

Calorific 

HjjO 

Ash 

value 
Cal./kg. 

1  cu.m.inkg. 

value 
Cal./kg. 

1.  Machine-peat  Briquettes 

"Sausais"  peat  field 

26-82 
21-61 

2-63 
2-55 

4,215 
4,260 

1   350-425  ■ 

5,758 
5,595 

"Slokas" 

34-98 
2815 

4-39 
3-60 

3,325 
3,805 

\   250-350 

5,128 
5,452 

"Vièku"               ,,        (near 

Davgavpils) 

29-16 

1-92 

3,885 

390-410 

5,645 

"Adamovas"      ,, 

33-24 

4-75 

3,227 

350-400 

5,100 

"Siguldas"          ,, 

30-10 

2-53 

3,530 

325-350 

5,285 

"Sleperu"           ,,          near 

Riga) 

32-00 

2-85 

3,120 

— 

5,110 

"Tïrelu" 

33-22 

5-16 

3,518 

— 

5,268 

"Birkenela 

Zemgale,  distr.  Jlûkstes  33-47 

8-07 

3,160 

— 

4,753 

2.  Hand-cut  peat.                       j 

"Siguldas"  peat  field 

32-45 

2-60 

3,436 

170-250 

5,315 

"Slokas" 

28-60 

3-10 

3,606 

180-250 

5.290 

"Adamovas 

30-27 

3-15 

3,470 

180-290 

5,208 

"Martiâevas"     ,, 

36-12 

3-20 

2,923 

170-180 

4,904 

"Dreilinu" 

31-52 

1-23 

2,950 

150 

4,772 

Here  we  sfiould  mention  that  in  the  vicinity  of  seaports  peat  must 
stand  sharp  competition  from  coal.  So  in  1926  the  State 
penitentiary  sold  to  railroads  a  ton  of  the  best  peat  for  Ls.14.72, 
but  in  1927  the  peat  of  the  same  quality  was  sold  for  Ls.8.74 
per  ton. 

The  collected  data  shows   that  the  quantity  of  peat  produced 
was  : — ■ 

1919,  1,200  tons. 

1920,  31,854 

1921,  35,643 

1922,  18,000 

1923,  27,927 

1924,  32,745 

1925,  37,710 

1926,  40,189 

1927,  40,800 
In  calculating  the  amount  of  energy  used  in  our  country  we 

have  taken  into  consideration  peat_,  firewood  produced  from  the 
State   forestry,   water  power,   and    fuel   imported   from   abro.'id 
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In  addition,  all  these  sources  of  energy  are  calculated  on  the 

6,000  calorie  basis.  In  such  a  way  the  calculated  amount  of  energy 

used  by  the  State  amounts  to  1,040,000  tons. 
If  this  amount  of  energy  is  sub-divided  into  separate  groups,  we 

obtain  the  following  picture  :  — 

Firewood        ...         ...         46.4  per  cent,  of  yearly  used  fuel. 

Utilised  waterfalls   ...  6.5  „  „ 

Prepared  peat  ...  1.9  „  „ 

Imported  fuel  ...         45.2  „  „ 


100  per  cent. 

We  import  chiefly  coal,  briquettes,  naphtha,  petroleum  and 
benzene.  The  amount  of  imported  fuels  has  notably  increased  in 
recent  years. 

The  economic  interests  of  Latvia  require  us  to  pay  strict  attention 
to  the  problem  of  more  balanced  and  better  proportioned  utilisation 
of  our  energy  resources. 
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RÉSUMÉ 

En  Lettonie,  les  marais  se  trouvent  en  quantité  considérable  et  dans  toutes 
les  parties  du  territoire.  Leur  étendue  comprend  643.300  ha,  dont  156.633 
ha  ont  été  étudiés  jusqu'à  présent.  Les  marais  sont  pour  la  plus  grande 
partie  des  marais  mousseux.  La  profondeur  de  ces  marais  varie  de  3  à  8  m, 
la  profondeur  des  marais  herbeux  de  6  à  8  m.  La  profondeur  moyenne 
technique  est  de  3  à  4  m. 

La  quantité  d'eau  dans  les  marais  varie  pour  les  marais  mousseux  de  92  à  94 
pour  cent,  pour  les  marais  herbeux  de  90  à  92  pour  cent.  Un  mètre  cube 
de  tourbe  humide  des  différents  marais  et  des  diverses  profondeurs  donne  de 
100  à  300  kg  de  tourbe  desséchée  à  l'air.  La  quantité  de  cendres  varie  de 
1  à  10  pour  cent.  La  valeur  calorifique  de  tourbe  absolument  desséchée 
varie  de  4800  à  5760  calories,  de  tourbe  desséchée  à  l'air  de  2900  à  4260  calo- 
ries. 

La  quantité  d'eau  dans  la  tourbe  de  chauffage  desséchée  à  l'air  varie  en 
moyenne  de  25  à  40  pour  cent. 

En  Lettonie,  les  sources  d'énergie  sont  les  chutes  d'eau,  la  tourbe  et  le  bois. 
Les  réserves  de  tourbe  pour  chauffage,  dans  les  marais  de  Lettonie,  font 
1.125.000.000  de  tonnes  de  combustible  conventionnel  (de  6000  calories)  ;  si 
l'on  prend  en  considération  les  chutes  d'eau  et  le  bois  (comptons  les  deux 
derniers  à  1000  ans,  les  évaluant  aussi  à  6000  calories),  les  réserves  de  tourbe 
font  le  36  pour  cent  de  toutes  les  réserves  d'énergie  du  pays. 

On  a  commencé  à  exploiter  la  tourbe  pour  chauffage  en  1919,  et  peu  à  peu 
cette  industrie  s'est  développée.  L'année  dernière  on  a  fourni  environ  40.000 
tonnes  de  tourbe  desséchée  à  l'air;  c'est  insuffisant,  malgré  tout,  et  cette 
quantité  ne  représente  que  le  1,9  pour  cent  de  la  consommation  annuelle 
d'énergie  du  pays. 
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PEAT  BOGS   IN   RUSSIA 

Geographical  Distribution.     Peat  Reserves 

The  Union  of  Soviet  Socialist  Republics  possesses  a  tremendous 
peat  bog  area.  The  European  part  of  the  Union  alone  contains 
up  to  31.2  million  hectares  of  peat  bogs.  There  is  no  doubt  that 
further  investigations  will  show  this  figure  to  be  decidedly  greater. 
These  rich  resources  represent  a  reserve  for  agricultural  needs  in 
the  preparation  of  peat  litter,  fertilisers,  the  development  of 
various  cultures,  etc. — for  industry,  in  the  form  of  fuel  and  raw 
materials  for  the  production  of  chemical  products,  as  well  as  for 
various  other  useful  purposes,  building,  insulation  materials,  con- 
servation of  perishable  produce,  etc. 

The  formation  of  bogs,  dependent  upon  many  factors,  is  closely 
connected  with  the  climate  and  topography  of  the  locality.  There- 
fore, boggy  areas  and  peat  bogs  are  irregularly  distributed  over 
the  large  area  of  the  Soviet  Union.  Moreover,  the  bogs,  as  well 
as  the  composition  of  the  peat,  are  unlike  in  different  districts. 
The  majority  of  the  bogs  are  located  in  the  northern  part  of  the 
European  plain,  which  is  marked  by  a  moister  and  more  moderate 
climate  and  has  a  greater  amount  of  rain  and  snow  fall.  The 
number  of  bogs  decreases  by  degrees  towards  the  south-west,  and 
in  the  half-desert  climate  of  the  south-eastern  districts  they  dis- 
appear entirely.  Bogs  extend  far  towards  the  south,  in  the  south- 
western part  of  the  plain. 
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The  average  depth  of  peat  bogs  in  the  European  part  of  the 
union  is  taken  as  2.13  metres,  excepting  for  the  Ukraine,  where 
the  average  depth  is  accepted  as  1.81  metres.  A  hectare  of  peat  bog 
with  a  depth  of  2.13  metres  gives  about  2,700  tons  of  air-dry  peat. 
This  is  equivalent  (with  a  coefficient  of  0.50)  to  1,350  tons  of 
7,000  calory,  standard  fuel.  The  total  estimated  area  of  peat  bogs 
in  the  European  part  of  the  Soviet  Union  amounts  to  about 
32  milliard  tons  of  standard  fuel. 

The  richest  peat  fuel  areas  of  the  Union  are  the  north-eastern 
district,  55.3  per  cent,  of  the  total  reserves  of  European  Russia; 
the  north-western  district,  15.5  per  cent.;  the  central  industrial 
district,  6.6  per  cent.;  the  western  district,  5.3  per  cent.,  and  the 
Ural  district,  11.1  per  cent.  In  other  words,  those  districts  have 
the  greatest  peat  supplies  which  are  farthest  from  the  Donetz  coal 
basin  and  which  have  the  greatest  industrial  development  (ex- 
cluding the  north-western  section). 

Characteristics  of  Pe.\t  Bogs  in  the  Various  Regions  of  the 
Union  and  the  Peculiarities  of  Russian  Peat 

The  northern  and  north-western  peat  bogs  consist  chiefly  of 
mossy,  sphagnum  built-up  deposits.  The  number  of  filled  basins 
and  built-up  deposits  is  almost  equal  in  the  central  industrial 
region.  Filled  basin  bogs  commence  to  predominate  in  the  south, 
and,  finally,  in  the  Ukraine  region  they  are  found  almost  exclu- 
sively. Bogs  of  a  composite  type  are  to  be  found  in  various  parts 
of  the  Union,  chiefly  in  the  central  districts.  Peat  fuel  is  worked 
in  the  Soviet  Union  from  filled  basins,  as  well  as  built-up  deposits. 
The  built-up  bogs  in  the  Soviet  Union  contain  peat  in  various 
degrees  of  decomposition,  and,  therefore,  have  different  fuel 
values.  The  majority  of  the  peat  bogs  of  Western  Europe  have 
no  stumps,  while  the  greater  majority  of  the  built-up  bogs  of  the 
Soviet  Union  and  part  of  bogs  of  the  composite  type  contain  the 
remains  of  pine  woods,  which  once  grew  there,  in  the  form  of 
stumps  and  roots.  In  general,  pine  woods  decay  extremely  slowly 
in  peat,  and  practically  do  not  decompose;  therefore  forest  re- 
mains, and  especially  stumps,  are  well  preserved  and  generally 
offer  serious  obstacles  in  the  extraction  of  peat.  Forest  remains 
may  form  one  or  more  layers  in  the  depth  of  the  bog.  Layers 
containing  stumps  are  usually  more  decomposed  than  strata  above 
and  beneath. 

It  has  been  pointed  out  that  the  great  majority  of  stump  strata 
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are  found  in  the  central  district  peat  deposits.  Moreover,  the 
number  of  such  la}ers  decreases  by  degrees  in  the  direction  of 
the  north  and  north-west.  Corresponding  to  this,  and  to  the  degree 
of  decomposition  in  the  high  bogs  of  the  central  district,  there  is 
a  gradual  decrease  toward  the  north  and  north-west.  The  majority 
of  peat  bogs  of  the  Soviet  Union  have  stumps,  thus  ditïering 
considerably  from  the  stumpless  peat  bogs  of  other  countries,  such 
as  Sweden,  Germany,  etc. 

The  low  bogs  do  not,  as  a  rule,  contain  stumps.  There  are,  how- 
ever, exceptions  where  individual  bogs  with  such  remains  are 
found.  The  degree  of  decomposition  of  low  peat  bogs  is  generally 
greater  than  that  of  high  peat  bogs.  However,  up  to  now  no  rule 
based  on  geographical  location  has  been  established. 

The  chemical-technical  characteristics  of  Soviet  peat  are  marked 
chiefly  by  the  following  factors  : — 

Geo-botanical  and  chemical-analytical  research  has  established 
the  following  ash  content  (absolutely  dry  substance)  for  the 
various  types  of  peat  of  the  Central  Union  : — 

Peat — built-up  deposit,  from  3.5  per  cent,  to  5  per  cent  ash. 
Peat — composite,  from  5  per  cent,  to  6  per  cent.  ash. 
Peat — filled  basin,  from  6  per  cent,  to  10  per  cent,  ash  and  above. 
The  percentage  of  fixed  carbon  in  peat,  which  decreases  in  pro- 
portion with  the  degree  of  gelatinous  content  of  the  mass,  varies 
from  51.7  per  cent,  to  62.3  per  cent,  (average  57  per  cent.)  of  the 
organic  constituents. 

Hydrogen  content  generally  decreases  as  the  gelatinous  matter 
increases,  varying  from  4.5  per  cent,  to  6.5  per  cent.  ;  average 
5.5  per  cent. 

Nitrogen  content  increases  with  gelatinous  content  and  varies 
from  1.85  per  cent,  in  sphagnum  peat  of  average  decomposition  to 
2.57  per  cent,  in  peat  derived  from  sedge  grass  of  average  decom- 
position. Built-up  deposit  peat  of  Central  Russia  ordinarily  contains 
1  per  cent,  to  2  per  cent,  nitrogen;  average  1.5  per  cent.  Filled 
basin  peat  is  richer  in  nitrogen. 

Sulphur  content  of  peat,  in  the  dry  peat  substance,  rarely  exceeds 
0.2  per  cent,  to  0.3  per  cent,  in  the  built-up  peat  bogs  of  the  central 
parts  of  the  Union.  Peat  derived  from  rushes  and  reeds  has  a 
richer  sulphur  content. 
The  calorific  value  of  the  organic  content  of  high  bog  peat  in  the 
Union   generally   varies    from   5,360   to   6,000   calories    per  Kg. 
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(calorimeter  bomb  determination).    It  varies  from  5,160  to  5,670 
calories  per  Kg.  for  filled  basin  peat. 
The  coefficient  of  useful  heat  of  25  per  cent,  moisture  content  peat 
(in  terms  of  standard,  7,000  calory  fuel)  may  be  accepted  at  0.50 
per  cent,  for  peat  from  the  European  parts  of  Russia  and  White 
Russia,  and  as  0.42  per  cent,  for  peat  from  the  Ukraine. 
Production  and  the  Basic  Consumers  of  Peat  (Cost  of  Peat. 
Prospects  for  the  Further  Development  of  Peat  Pro- 
duction IN  Russia.). 
Extensive  peat  deposits  ;  their  convenient  location  in  the  Central 
industrial  region  ;  the  good  quality  of  peat  fuel  ;  all  these  should 
long  ago  have  attracted  the  attention  of  Russian  manufacturers 
who  commenced  to  find  difficulties  in  fuel  supplies  due  to  the 
devastated  condition  of  the  forest  in  the  neighbourhood  of  indus- 
trial centres. 

Though  peat  has  been  machine-dug  in  Russia  since  the  middle  of 
the  last  century,  the  development  of  peat  production  up  to  the 
Revolution  was  insufficient  as  compared  with  the  potential  possi- 
bilities of  the  country  and  the  fuel  requirements  of  the  population 
and  of  industrs'.  The  maximum  pre-war  peat  production,  machine- 
dug,  amounted  to  1.76  million  tons  in  1914. 

Since  the  war  the  Soviet  Government  has  united  the  entire  peat 
industry  under  a  single  management.  The  State  Central  Scientific 
Experimental  Institute  of  Peat  has  been  organised.  The  amount  of 
production  has  been  gradually  increased  and  in  1927  reached 
4.49  million  tons.  Cut  peat  is  still  produced  in  the  Soviet  Union 
by  the  peasant  population,  and  its  production  has  also  grown  inten- 
sively, reaching  1.3  million  tons  in  1927.  The  total  peat  excava- 
tion for  the  1928  season  is  estimated  at  7.5  million  tons. 

The  production  of  peat  in  the  Soviet  Union  is  concentrated 
chiefly  in  the  central  industrial  district,  which  produces  more 
than  85  per  cent,  of  the  total  peat  output  of  the  country.  The 
development  of  peat  production  during  the  course  of  the  last  few 
years  was  marked  by  a  sharp  upward  movement  in  the  north- 
western and  other  districts. 

The  textile  industry  is  the  largest  peat  consumer.  It  takes  about 
half  of  the  machine-produced  peat.  Peat  fuel  covers  about  26 
per  cent,  of  the  fuel  requirements  of  the  textile  industry. 

The  problem  of  burning  peat  under  powerful  boilers  has  been 
successfully  solved,  as  have  also  a  series  of  problems  connected 
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with  the  organisation  of  large  peat  centres,  creating  peat  con- 
sumers in  the  form  of  large  district  and  local  electric  generating 
plants.  These  are  rapidly  increasing  their  peat  consumption. 
Shatura  (48,000  kW.  with  a  further  extension  to  136,000  kW.)r 
may  be  pointed  out  as  among  the  largest  district  electric  stations 
exclusively  burning  peat  fuel.  "Electro-Transmission"  (36,000 
kW.),  Nishni-Novgorod  and  Leningrad  (20,000  kVV.  each),  Yaro- 
slav  (19,000  kW.),  Sverdlovsk  (6,000  kW.),  and  others.  The 
Ivanovo-Wosnesensk  (4^400  kW.),  Orsha,  Briansk  and  Viatka 
stations  (22,000  kW.  each),  now  in  process  of  construction,  will 
work  exclusively  on  peat. 

The  metal-working  industry  consumes  comparatively  little  peat, 
and  concentrates  peat  consumption  chiefly  in  the  Prioksk  Mountain 
district,  the  Nishni-Novgorod  Government  district  and  in  the  Urals 
district.  Other  branches  of  industry  make  little  use  of  peat,  al- 
though some,  such  as  the  glass,  china,  brick-making  and  chemical 
industries  show  a  considerable  tendency  towards  increased  con- 
sumption of  peat,  which  is  a  cheap  local  fuel,  particularly  where 
there  are  a  number  of  favourable  economic  factors. 
Cost  of  Production 

The  following  figures  indicate  a  comparison  between  the  cost  of 
machine-produced  peat  in  prewar  times  and  at  present,  per  ton, 
f.o.b.,  in  storage  piles  at  bog  :  — 

Item  of  Expense  1913  1927 


Roubles 

Roubles 

Wages    ... 

2.90      . 

..      4.70 

Fuel  and  power           

0.12 

..      0.46 

Machine  and  building  repair 

0.30      . 

..      0.37 

Miscellaneous  expenses 

0.55       . 

..       2.27 

Amortisation 

0.75      . 

..      0.66 

Total  ...  4.62  ...  8.46 
Wages  for  the  workers  and  technical  personnel  form  the  largest 
item  in  the  cost  of  peat  production.  The  amount  expended  per 
ton  for  this  was  2.90  roubles  in  1913,  while  in  1927  it  reached 
4.70  roubles.  The  cause  of  such  an  increase  is  clear,  since  money 
depreciated  in  value  on  the  one  hand  and  on  the  other  hand  wages 
increased  and  the  working  day  was  shortened.  Generally  speaking, 
it  may  be  considered  that  the  price  per  ton  of  peat  has  changed  but 
little,  taking  into  consideration  the  index  of  increased  prices  at 
1.7  to  1.8. 
The  following  fact  isj  however,  exceedingly  important.     Labour 
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costs  amounted  to  about  63  per  cent,  of  the  total  cost  of  peat  in 
pre-war  calculations,  whereas  in  1927  they  covered  only  55.5  per 
cent.  More  than  half  of  all  expenditure  in  peat  production  goes 
for  wages.  A  marked  cheapening  of  peat  may  be  attained  only 
by  a  decrease  in  this  item  of  expense,  i.e.,  by  improvement  of  the 
method  of  peat  production  and  the  introduction  of  new,  more 
modern  and  mechanised  methods  of  excavating  and  working  peat. 

The  Technique  of  Peat  Production 
The  most  widely  employed  method  in  the  Soviet  Union  for  peat 
production  has,  so  far,  been  the  machine  forming  process.  This 
method  consists  in  excavating  peat  from  drained  bogs,  wherein 
the  raw  peat  has  a  moisture  content  of  85  to  90  per  cent.,  and 
obtaining  as  a  product  air-dried  peat  with  a  moisture  content  of 
30  to  25  per  cent.,  in  the  form  of  separate  bricks,  uniform  in  shape 
and  content  as  far  as  possible.  This  problem  has  been  solved  by 
the  aid  of  so-called  elevator  installations,  consisting  of  an  elevator 
l)rick-forming  machine  (macerator),  rolling  table  and  portable 
frame,  on  which  the  whole  lay-out  of  the  engine  is  mounted, 
gearing  and  movable  tracks  with  double-deck  cars  for  removing  the 
raw  peat  bricks  to  the  dr3äng  field.  The  macerator.  engine  and 
gearing  are  assembled  on  a  portable  frame  equipped  with  wheels, 
moving  along  heavy  weight  rails  laid  along  the  ground  worked. 
The  elevator  is  designed  for  hoisting  the  peat  from  the  excavation 
area  to  the  hopper  of  the  macerator.  It  consists  of  an  open  trough 
through  the  bottom  of  which  an  endless  chain  with  buckets  travels. 
The  upper  end  of  the  elevator  rests  on  special  supports  or  trestles 
fastened  onto  the  platform,  while  its  lower  end  rests  on  the  bottom 
of  the  excavation  ground.  The  macerator  is  intended  for  pulping 
the  peat  and  mixing  it  ;  the  peat  is  then  forced  to  the  mouthpiece 
whence  it  emerges  as  a  rectangular  peat  ribbon.  A  shaft  passes 
within  the  horizontal  cylindrical  chamber  of  the  press  along  its 
axis.  The  shaft  carries  rotary  shafts  and  knives  located  in  a  row 
thereon  ;  between  these,  fixed  stands  and  bars  are  inserted  along 
the  rear  wall  of  the  cylinder.  Th^  rolling  table  serves  to  supply 
empty  boards  to  carry  away  the  peat  ribbon  issuing  from  the 
mouthpiece.  The  loaded  boards  are  then  loaded  on  narrow  gauge 
cars.  Light  rail  tracks  are  laid  on  the  surface  of  the  bog  in  the 
immediate  vicinity  of  the  plant.  The  weight  of  such  an  elevator 
machine  without  the  motor,  cars,  tracks  and  auxiliary  equipment  is 
about  8.5  tons. 
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Elevator  Lay-Out 

The  crew  of  workers   (artel)  attached  to  an  elevator  machine 
numbers  twenty-five  men,  their  work  being  distributed  as  follows  : 

1.  Excavating  the  wet  raw  peat  by  hand  shovel  and 

loading  it  into  the  trough  of  the  elevator  ...  13 men 

2.  Passing  wooden  boards  to  the  roller  conveyor  under 

the  mouthpiece  of  the  macerator  ...  ...  ...  1  man 

3.  Cutting  the  peat  ribbon  into  bricks  of  356  mm. 

length  ...          ...          ...         ...  ...          ...  1  man 

4.  Unloading  boards  (loaded  with  wet  bricks)  from 

the   roller  conveyor   and   loading  them   into  the 

narrow  gauge  cars  ...          ...  ...          ...          ...  2 men 

5.  Moving  cars  to  the  drying  field   ...          ...          ...  3  men 

6.  Spreading  peat  on  the  drying  field  ...  ...          ...  5  men 


Fig.  1.     Elevator  Machine. 

In  addition  to  this  work,  this  same  group  performs  a  series  of 
additional  tasks  in  the  process  of  excavating  peat,  namely:  — 
(a)  Removal  of  stumps  and  placing  them  to  one  side. 
{b)  Relaying  the  rails. 

(c)  Placing  the  rails  under  the  machine  (elevator). 

(d)  Periodical  moving  of  the  whole  elevator  machine. 

Until  recently,  all  this  work  was  done  by  manual  labour.  Thus, 
a  great  share  of  the  work  in  excavating  peat  with  an  elevator 
machine  falls  to  the  share  of  hard  manual  labour.     This  labour 
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must  be  replaced  by  mechanical  energy,  before  everything  else, 
in  order  to  cheapen  the  cost  of  production.  In  1918,  the  Peat 
Control  Committee,  the  first  organisation  uniting  the  whole  peat 
industry,  undertook  an  all-round  study  and  investigation  of  all 
questions  pertaining  to  peat  production.  The  Scientific  Experi- 
mental Institute  of  Peat  was  organised  in  1921,  under  the  auspices 
of  the  Chief  Administration  of  the  Peat  Industry.  The  former  not 
only  increased  the  numbers  of  scientific  subjects  for  study  con- 
nected with  peat,  but  also  perfected  methods  of  excavating  and 
working  peat. 

A  new  elevator  machine  of  increased  size  with  a  number  of 
improvements,  such  as  a  suspension  crank-shaft,  was  constructed. 
It  has  a  central  hinge,  so  that  only  the  lighter  outer  end  of  the 
elevator  need  be  frequently  moved  vertically.  This  machine 
increased  the  productivity  per  worker  about  10  per  cent.,  and 
decreased  the  power  required  to  1  kW.  In  1927,  more  than 
thirty  such  elevators  were  employed  in  peat  production.  It  was 
established  in  every  case  that  the  new  elevator  completely  elimin- 
ated the  defects  of  the  previous  designs. 

The  question  of  the  macerator  was  also  investigated.  It  was 
found  that  the  operation  of  the  macerator  depended  upon  the 
character  of  the  peat  deposit  and  that  each  kind  of  macerator  was 
suited  to  certain  kinds  of  peat  only.  Three  designs  were  recog- 
nised as  most  practical.  In  addition  to  this,  it  was  found  possible 
to  construct  a  standard  type  of  macerator  suitable  for  any  deposit. 
This  new  macerator  will  be  tested  in  detail  during  the  1928  season. 

The  elevator  machine  was  considerably  changed  with  regard  to 
its  gearing  system,  so  that  the  energy  expended  on  this  item  was 
decreased  from  2  kW.  to  0.8  kW.  and  the  maintenance  of  the 
machine  simplified.  A  special  stump-extracting  contrivance  was 
attached  to  the  elevator,  thus  considerably  lightening  the  work  of 
the  manual  labourers  and  cutting  down  the  delay  caused  by 
removal  of  stumps.  The  productivity  of  the  workers  was  thus 
increased. 

A  particular  achievement  in  the  field  of  improving  the  elevator 
machine  was  the  introduction  of  a  cable  conveyor,  thus  mechan- 
ising the  removal  of  macerated  peat.  The  conveyor  consisted  of 
a  pair  of  endless  cables  adapted  to  carry  the  boards  mentioned 
above  to  the  drying  field.  This  device  decreased  the  number  of 
workers  in  each  group  by  27  per  cent,  and  naturally  increased  the 
productivity  of  each  worker. 
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An  insufficient  mobility  of  the  intermediate  supports  and  the 
rear  bogie  of  the  conveyor  held  up  production  for  a  long  time, 
when  they  had  to  be  moved  to  a  different  place.  The  Experimental 
Institute  of  Peat  developed  a  new  improved  design  of  an  easily 
portable  conveyor,  based  on  material  obtained  as  the  result  of 
investigation. 

In  1927  there  were  sixty-five  elevators  with  this  type  of  cable 
conveyor  working  throughout  the  Soviet  Union  on  peat  produc- 
tion. This  number  will  be  increased  to  100  during  the  coming 
season.  In  the  course  of  a  few  years  there  is  no  doubt  that 
practically  all  elevator  machines  will  have  such  cable  conveyors. 

The  ultimate  result  of  research  work  in  this  field  is  the  improved 
elevator  installation  designed  in  1926,  built  in  1927,  and  partially 
tested  at  the  Experimental  Institute  of  Peat.  The  basic  equipment 
of  this  installation  consists  of  the  following  :  — 

1.  Suspended  revolving  elevator,  with  outboard  pulley  shaft. 

2.  Stump  puller. 

3.  New  design  of  macerator,  greatly  simplified  and  made  much 

lighter. 

4.  Portable  cable  conveyor. 

5.  Self-moving  main  frame. 

6.  Engine  and  gear. 

The  following  comparative  operating  results  of  the  improved 
and  ordinary  elevator  machines  show  the  practical  value  of  the 
new  elevator:—  i^p,„^^d         o^^^^^^^ 

machine  machine 

No.  of  workers         ...  ...  ...  ...        20  30 

Coefficient  of  mechanical  efficiency  of  whole 
installation  ...  ...  ...  ...        85  per  cent.    70  per  cent. 

Total  gross   output   of   plant   in   cubic   metres 

raw  peat  per  hour  ...  ...  ...        30  22 

Gross  output  per  worker  in  cubic  metres  of  raw 
peat   per   hour       ...  ...  ...  ...        1.5  0.73 

Power  required  for  engine  in  kW.    ...  ...      25  40 

Seasonal  output  with  two  shifts  in  tons,  air- 
dried    peat  ...  ...  ...  ...   6.400  4.700 

Seasonal  output  per  worker  in  tons,  air-dried 
peat  ...  ...  ...  ...  ...      160  78 

This  table  is  based  on  peat  production  where  the  elevator  works 
on  bogs  with  an  average  number  of  stumps.  Obviously,  where 
bogs  are  stumpless,  productivity  is  correspondingly  greater.  It 
is  not  necessary  to  point  out  that  when  the  contemplated  improve- 
ments are  realised  the  cost  of  the  final  product  will  be  decreased, 
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approximately  by  1  rouble  as  against  1.20  roubles  per  ton  of  air- 
dried  peat. 

The   Mechanised   Extraction   of   Peat   in   Bogs   Free  from 
Stumps 

The  advantages  and  usefulness  of  employing  conveyors  is 
obvious  ;  nevertheless,  this  partial  mechanisation  leaves  the  basic 
problem  of  mechanisation  very  far  from  settled.  Since  the 
heaviest  work  falls  on  the  peat  diggers  it  is  very  natural  that 
attention  should  be  given  to  the  problem  of  mechanising  excava- 
tion of  raw  peat  before  everything  else. 

The  Russian  inventor,  Pankratoff,  designed  an  excavating 
machine,  original  in  construction,  representing  the  direct  develop- 
ment of  the  elevator,  but  differing  from  it  in  that  it  is  provided 


Fig.   2.     Pankratoff   Excavator,    1924   model. 

with  excavating  buckets  of  special  construction,  by  means 
of  which  peat  is  extracted  from  the  bed  and  thence 
forced  into  the  macerator  by  means  of  a  worm  conveyor.  There 
it  is  treated  as  usual  and  emerges  from  the  mouthpiece  as  a 
rectangular  ribbon  of  peat.  The  bucket  system  of  Pankratoff's 
excavator  rests  on  a  special  framework  carrying  endless  chains 
with  buckets.  While  in  motion,  the  buckets  closely  adhere  to  the 
vertical  wall  of  the  cut  and  take  up  a  layer  8  mm.  to  15  mm. 
thick,  transferring  the  peat  to  the  worm  conveyor,  whence  it 
passes  to  the  press.  Fig.  2  is  a  photograph  of  the  latest  model  of 
this  excavator. 
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At  present  eleven  excavators  of  the  Pankratoff's  design  are  in 
use.  However,  this  excavator  is  suitable  only  for  the  exploitation 
of  stump-free  bogs.  The  following  figures  characterise  its  pro- 
ductivity : — 

1.  No.   of  workers   required   for   removal  of   macerated 

peat  in  cars  ...  ...         ...          ...          ...  ...         23 

2.  Coefficient  of  mechanical  efficiency  of   machine        ...     70% 

3.  Gross  production  of  excavator  in  cubic  metres,   raw 

peat  per  hour        ...         ...         ...         ...         ...         ...         33 

4.  Gross  production  of  raw  peat  per  worker  per  hour  ...  1.43 
•  5.  Power  required  for  motor  in  kW.         ...          ...          ...         30 

6.  Estimated  seasonal  production  of  excavator  working 

in  two  shifts  in  tons  of  air-dried  peat  ...          ...          ...     7000 

7.  Estimated  seasonal  production  per  worker  in  tons,  air- 
dried  peat  ...         ...         ...         ...         ...         ...         ...       150 

This  table  shows  that  this  excavator  is  a  decided  improvement 
over  the  ordinary  elevator  machine  as  to  productivity.  The  results 
would  have  been  even  better  if  the  machine  had  been  equipped  with 
a  cable  conveyor.  Experiments  have  been  made  along  these  lines, 
but  owing  to  the  absence  of  a  reliable  conveyor  from  the  point  of 
view  of  portability,  it  has  been  impossible  to  attain  satisfactory 
results.  The  Scientific  Experimental  Institute  of  Peat  will,  in  the 
near  future,  ascertain  the  suitability  of  the  latest  type  of  portable 
conveyors  of  its  own  construction.  Should  the  tests  be  favourable, 
all  the  Pankratoff  excavators  will  be  equipped  with  such  conveyors. 
The  number  of  workers  attached  to  a  machine  will  then  be  cut 
down  to   from   thirteen   to   fourteen. 

Following  the  Pankratoiï  excavator,  there  appeared  in  1925  a 
new  excavator  of  Russian  design,  the  Biryukoff  excavator.  This 
excavator  differed  from  the  Pankratoff  excavator  in  that  the  exca- 
vating element  was  arranged  not  beside  but  behind  the  installation, 
directly  in  line  with  the  main  framework  of  the  machine,  and  the 
excavation  was  made  in  a  transverse  plane  at  an  angle  of  45  deg. 
to  the  line  of  travel  instead  of  at  an  acute  angle.  With  such  an 
arrangement  of  the  excavating  unit  the  author  succeeded  in 
increasing  the  breadth  of  the  excavating  ground  to  4.5  m.,  as 
compared  with  the  original  2  m.,  which  may  be  considered  an  im- 
portant advantage  ;  at  the  same  time  greater  stability  over  the 
springy  bog  surface  was  attained.  In  the  season  of  1927  ten  of 
such  machines  were  already  in  use.     In  the  coming  season  they 
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will  ojjerate  in  conjunction  with  a  cable  conveyor,  cutting  the  wall 
of  the  excavating  ground  obliquely  ;  furthermore,  the  platform  of 
the  machine  will  be  supplied  with  caterpillar  tread. 

The  Biryukofï  excavator,  as  well  as  the  Pankratoff  model,  can  be 
used  only  for  working  stump-free  peat  bogs. 


Fig.  3.     General   view   of   the   Birvukoff   1927  model. 


Operating  results,  showing  the  work  of  the  Biryukoff  excavator 
based  on  data  of  the  1927  season,  are  shown  in  the  following 
figures  : — 

1.  Number  of  workers  to  remove  peat  by  cars  ...          ...         23 


750 
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2.  Coefficient  of  mechanical  efficiency 

3.  Gross  output  per  hour  of  excavator  in  cubic  metres, 

wet  raw  peat        ...         ...         ...         ...         ...         ...         35 

4.  Gross  output  per  worker  per  hour,  cubic  metres,  wet 

raw  peat     ...         ...         ...         ...         ...         ...         ...      1.52 

5.  Power  required  for  engine  in  kW.     ...  ...          ...         28 

6.  Possible  seasonal  output  per  two  workers  in  tons,  air- 
dried  peat  ...         ...         ...         ...         ...         ...       163 

7.  Possible  seasonal  output,  two  shifts,  in  tons,  air-dried 

peat  7500 

The  progress  of  foreign  technique  in  the  same  field  has  also  been 
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watched.  This  can  be  seen  by  the  acquisition  from  the 
German  firm  Heseper  of  an  excavator  on  the  system  "Modified 
Wieland."  This  excavator  was  purchased  in  1927  and  tested  in 
the  same  year  at  the  experimental  station  of  the  State  Central 
Scientific  Peat  Research  Institute.  The  Wieland  excavator  has 
its  dredger  built  at  the  side  and  makes  an  excavation  of  1.35 
metres  in  width.  It  is  equipped  with  a  self-brick-layer,  thus  com- 
pletely mechanising  the  process  of  peat  excavation.  It  required 
a  minimum  number  of  workers  to  look  after  it.  This  excavator 
can  be  used  only  on  stump-free  bogs.  The  results  of  its  testing 
during  the  1927  season  are  as  follow:  — 

1.  Number  of  attending  staiï  ...          ...          ...          ...  5 

2.  Coefficient  of  mechanical  efficiency       ...  ...  ...     56% 

3.  Gross  seasonal  output  per  worker,  cubic  metres,  wet 

raw  peat                ...         ...         ...         ...         ...         ...  5.6 

4.  Gross  seasonal  output  in  cubic  metres,  wet  raw  peat  28 

5.  Required  power  for  engine  in  kW.        ...          ...          ...  53 

6.  Possible  seasonal  output,  in  two  shifts,  in  tons,  air- 
dried  peat             6000 

7.  Possible  seasonal  output  per  worker  in  tons,  air-dried 

peat  600 

In  concluding  the  subject  of  excavating  machines  suitable  for 
stump-free  bogs,  it  must  be  pointed  out  that  the  Scientific  Experi- 
mental Institute  of  Peat  came  to  the  following  conclusions  : — 

1.  The  excavating  machine  of  Biryukofif  is  superior  in  construc- 
tion as  well  as  in  productivity  to  that  of  the  Pankratofif  design. 
It  has,  however,  a  number  of  defects  which  prevent  the  use  of  the 
excavator  in  its  entirety.  These  defects  are  : — (a)  the  difficulty 
of  moving  the  whole  machine  along  short  tracks  on  the  bog,  work 
necessarily  being  conducted  with  a  portion  of  the  peat  bed  uncut  ; 
(b)  the  shallow  depth  of  the  excavation  (2.25  m.)  ;  (c)  the  hauling 

(^way  of  the  bricks  not  mechanised. 

2.  The  Heseper  excavating  machine  is  the  design  that  may  be 
said  to  have  attained  the  highest  degree  of  mechanisation.  How- 
ever, the  possibility  of  increasing  the  use  of  this  type  of  machine, 
which  works  with  a  limited  width  in  excavation  (1.35  m.),  is  small. 

Production  from  Bogs  with  Stumps 

The  mechanisation  of  peat  production  from  bogs  with  stumps  has 
been  accomplished  in  two  directions.  The  first,  which  can  be 
easily  called  revolutionary,  is  the  invention  of  a  new  means,  the 
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hydraulic  method^  which  not  only  successfully  mechanises  the 
excavating  but  also  all  further  stages  of  production  up  to  the 
moment  of  drying.  The  second  is  the  development  of  machines 
which  can  cope  successfully  with  stumps,  breaking  them  into  small 
splinters.  Following  the  second  line,  our  technicians  naturally 
thought  of  the  idea  of  employing  milling  machines  for  excavating 
bogs  with  stumps. 

Experiments  are  being  carried  on  with  milling  machines  for 
commercial  exploitation  in  two  forms  :  deep  milling  cutting  and 
horizontal  layer  cutting.  In  the  first  case,  the  peat  is  milled  to 
the  whole  depth  of  the  deposit.     In  the  second  case  the  peat  is 


Fig.  4.     General  View  of  the  Rogoff  Milling  Harrow. 


removed  from  the  top  in  thin  layers  of  100  to  200  mm.  In  1924 
the  first  milling  excavator  for  deep  milling  on  bogs  with  stumps 
was  employed.  This  was  a  machine  of  Russian  construction  on 
the  system  of  the  engineer  Tipermass. 

The  essential  features  of  these  milling  cutters  consist  in  their 
ability  to  travel  to  and  fro  along  the  excavation  ground,  each 
time  making  a  cut  100  to  130  mm.  wide  and  2.5  to  3  mm.  deep. 
The  macerated  peat  enters  the  interior  of  the  milling  cutter, 
whence  it  is  discharged  into  the  upper  portion,  where  it  becomes 
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thoroughly  intermixed  and  is  then  forced  into  the  mouthpiece, 
whence  it  emerges  in  the  usual  form  of  rectangular  peat  ribbon. 

A  type  of  milling  excavator  specially  intended  to  remove  peat  in 
layers  from  stump-containing  deposits,  was  tried  in  1926,  having 
been  constructed  from  the  design  of  another  Russian  technician, 
Rogofif. 

This  machine,  travelling  along  the  surface  of  the  bog  by  means  of 
caterpillar  tread,  removes  a  layer  of  100  to  150  mm.  thick,  leaving 
the  peat  reduced  to  the  consistency  of  crumbs  over  the  surface  of 
the  bog.  These  crumbs  are  further  piled  and  subjected  to  a 
series  of  dr}àng  operations.  Experimental  evidence  shows  the 
question  of  milling  peat  bogs  containing  stumps  to  have  been 
solved,  although  neither  of  the  two  machines  has  as  yet  been 
exploited  commercially.  Moreover,  the  hourly  output  of  the 
milling  machine  in  deep  milling  may  be  brought  up  to  100  cubic 
metres  of  raw  peat,  and  in  horizontal  milling  to  450  cubic  metres 
of  raw  peat.  The  power  required  for  the  engine  has  been  estab- 
lished at  100  kW. 

The  engineer  M.  N.  Korelin  experimented  in  1927  with  horizontal 
milling  of  peat  with  the  aid  of  a  Lantz  milling  machine,  with 
very  satisfactory  results,  namely  : — 

1.  In   100  working  hours  the  milling  machine  prepared  about 

5,000  tons   of  air-dried  peat  crumbs. 

2.  The  attending  staff  employed  in  winning  the  peat,  not  counting 

drying,  consisted  of  two  men,  the  driver  and  the  mechanic. 

3.  It  was  possible  to  dry  and  stack  all  the  peat. 

In  the  coming  season  experiments  with  horizontal  milling  of 
peat  will  again  be  carried  out,  on  a  wider  scale,  this  time  under 
actual  industrial  conditions  with  the  greatest  possible  consideration 
of  all  factors  characterising  this  method.  Should,  then,  results  be 
obtained  equally  satisfactory  to  those  obtained  experimentally,  it 
may  be  definitely  stated  that  the  mechanised  production  of  peat 
even  on  bogs  with  stumps,  has  been  completely  solved.  The 
mechanisation  of  the  drying  and  removal  of  this  crumb  peat  will 
hardly  offer  serious  difficulties,  and  theoretical  estimates  show 
the  cost  of  crushed  peat  not  to  exceed  3  to  3.50  roubles  per  ton. 
This  is  less  than  half  the  present  cost. 

The  Korelin  method,  described  above,  carries  with  it  a  series  of 
factors  which  decidedly  lessen  the  cost  of  peat  excavation  in  its 
various  stages;  preparation  of  the  bog,  excavation  and  working 
of  the  peat  (raw  wet  peat),  are  now  completely  mechanised  by 
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the  milling  machine  ;  the  cut  peat  thus  obtained  is  far  more  easily 
dried  than  peat  in  bricks.  A  two-shift  crew,  on  a  well-prepared 
peat  bog,  can  excavate  from  120  to  125  thousand  tons  of  air-dried 
peat  with  one  machine  during  a  season.  This  far  e.xceeds  the 
most  optimistic  expectations.  The  mechanisation  of  the  other 
stages  of  production,  i.e.,  drying  and  prompt  removal,  do  not 
offer  particular  difficulties.  All  these  factors  tend  sufficiently  to 
cheapen  peat  as  a  local  fuel,  so  as  to  make  no  other  form  of  fuel 
able  to  compete  with  it. 
Hydraulic  Me.\ns  of  Peat  Extraction 

This  method  was  invented  by  the  Russian  engineers  Klasson 
and  Kirpichnikoft".  The  main  features  may  be  reduced  to  the 
following  : — A  powerful  jet  of  water  issuing  under  a  10  to  15 
atm.  pressure  from  a  hose  washes  out  the  peat  deposit,  and  turns 
it  into  a  homogeneous  mass  of  thick,  though  easily  moving, 
hydro-peat,  which  usually  contains  96  per  cent,  to  97  per  cent, 
water. 

This  h}-dro-peat  is  then  pumped  out  of  the  cut  (formed  through 
the  washing-out)  by  a  suction  pump  suspended  from  a  portable 
crane.  The  stumps,  roots,  branches,  etc.,  on  the  bog  should  be 
cleared  from  the  vicinity  of  the  pump  before  they  drift  up  to  it, 
since  the  work  would  otherwise  be  obstructed  or  even  totally 
arrested.  Stump  cranes  supplied  with  a  gripping  device  are 
specially  supplied  for  extracting  these  ;  the  hydro-peat  sucked  in  by 
the  pump  passes  into  the  scrubber,  the  structure  of  which  much 
resembles  a  centrifugal  pump,  whence  it  is  driven  to  the  drying 
field  through  iron  pipes.  Since  the  distance  to  be  covered  is  rather 
considerable,  the  pumping  is  carried  out  through  large  reservoirs, 
■"storage  batteries,"  with  earth  embankments  where  special  pumps 
force  the  fluid  further.  These  "storage  l)atteries"  act  as  relay 
stations,  whereby  excessive  pressures  in  too  long  pipe  lines  are 
avoided. 

On  the  drying  fields  the  hydro-peat  is  spread  out  in  relatively 
thin  sheets  (about  200  mm.),  which  in  five  to  six  days  turn  into 
a  plastic  mass  sufficiently  dry  to  be  broken  into  bricks  by  means  of 
mattocks.  In  30  to  40  days  the  drying  is  completed,  and  the 
bricks  are  removed  from  the  drying  field,  and  a  new  layer  of 
hydro-peat  run  into  the  fields.  The  high-pressure  jet  required 
for  washing  out  the  raw  peat  and  turning  it  into  hydro-peat  is  ob- 
tained by  means  of  a  high-pressure  pump,  with  a  capacity  of  about 
400  metres  per  hour  and  a  pressure  of  20  to  22  atm. 
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The  high-pressure  pump  is  mounted  on  a  moving  platform,  which 
is  able  to  travel  along  a  water-filled  ditch  located  on  the  boundary 
of  the  area  worked.  Water  is  fed  from  the  pump  to  the  hose 
through  ordinary  5-in.  to  8-in.  gauge  water  pipes.  The  hoses  are 
also  situated  on  a  moving  framework.  In  order  to  provide  for 
greater  elasticity  of  the  latter  in  feeding  in  water  from  the  pipes 
a  flexible  3-in.  or  4-in.  rubber  tube  is  located  between  the  hoses  and 
pipes.  The  amount  of  water  required  for  washing  depends  on  the 
humidity  of  the  deposit  and  on  that  of  the  hydro-peat,  while  the 
latter  in  its  turn  mainly  hinges  on  the  degree  of  peat  decomposition. 
The  average  humidity  of  the  deposit  usually  fluctuates  within  the 


Fig  5.     Photograph  of  the  method  of  producing  hydro-peat. 

range  of  85  per  cent,  to  90  per  cent.,  while  the  moisture  of  hydro- 
peat  is  of  96  per  cent,  to  97  per  cent.  On  the  average  1.5  volumes 
of  water  are  required  per  cubic  metre  of  peat  deposit,  although  it 
may  happen  that  two  or  more  volumes  have  to  be  added  in 
individual  cases. 

The  hydro-peat  washed  out  by  the  high-pressure  jet  is  next 
extracted  from  the  excavation  ground  by  the  peat  suction  pump 
(for  general  appearance  see  Fig.  5). 

A  vital  element  of  the  hydro-peat  process  is  the  lower  inlet 
bonnet  of  the  suction  pump,  consisting  of  a  five-blade  working 
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wheel  revolving  within  a  cylindrical  casing  and  also  of  a  tbced 
directing  aggregate.  A  stationary  three-blade  knife  is  located  in 
the  immediate  vicinity  of  the  working  wheel.  These  two  units 
constitute  a  shearing  couple.  A  small  distance  away  is  to  be  found 
the  so-called  propeller,  the  important  function  of  which  is  to  clear 
the  inlet  aperture  of  the  pump  and  prevent  it  from  becoming 
clogged  by  peat  lump  and  stump.  The  peat  mass  taken  by  the 
inlet  bonnet  is  thrown  up  through  a  cast-iron  pipe  right  into  the 
helical  core  nozzle  of  a  centrifugal  pump,  where,  by  means  of  a 
four-blade  impellor.  the  requisite  pressure  for  forcing  the  peat 
mass  further  along  the  pipe  lines  is  produced.  The  vertical  shaft 
of  the  pump  is  actuated  at  730  r.p.m.  by  a  73  h.p.  electric  motor, 
reduction  gearing  being  used  with  ratio  of  1  :  2. 

The  peat  pump  crane  is  located  in  the  middle  of  a  150  m.  wide 
peat  area,  gradually  worked  in  cuts  each  of  15  m.  breadth.  It  can 
travel  back%vards,  this  reverse  movement  being  made  use  of  for 
passing  from  one  cut  to  another. 

In  the  suction  pipe  between  the  suction  pump  and  the  centrifugal 
pump  termed  "Scrubber,"  three  flexible  sections  are  located,  which 
allow  the  lower  part  of  the  exhaust  pipe,  together  with  the  centri- 
fugal pump,  to  be  raised  or  lowered  in  accordance  with  the  level 
of  the  h3dro-peat  in  the  sump.  A  stump  crane  on  caterpillar  tread 
is  used  for  extracting  stumps  from  the  cut.  This  device  travels 
over  the  bog  at  a  quite  considerable  rate.  Two  stump  cranes  are 
provided  for  ever}'  set  of  hydro-peat  machiner}*,  being  erected  on 
both  sides  of  the  suction  pump,  usually  on  the  side  of  the  butt-ends 
of  the  cut. 

The  pipes  which  earn,-  the  hydro-peat  away  from  the  bog  to  the 
reservoirs  are  made  of  thin  sheet  iron  and  are  usually  450  m.  in 
diameter,  the  hydro-peat  conveyed  by  them  having  a  pressure  of 
1.5  to  2  atm.  The  main  reserv'oir,  the  ■accumulator.''  which 
receives  the  hydro-peat  from  several  cranes,  is  a  round  basin  dug 
out  in  peat,  15  to  20  m.  in  radius  and  2  to  2.5  m.  deep.  The  hydro- 
peat  is  carried  from  this  "accumulator"  to  the  dr}-ing  areas  by 
pipes,  550  to  750  mm.  in  diameter,  made  of  sheet  metal  3  to  4  mm. 
thick.  The  pressure  required  for  the  proper  rate  of  flow  is  2  to  3.5 
atm.,  provided  by  a  centrifugal  pump  specially  designed  for  pump- 
ing hydro-peat. 

The  spreading  of  the  hydro-peat  on  the  dr\ing  areas  is  effected  by 
short  lengths  of  sheet  metal  pipe  1.5  to  2  m.  long  and  -140-570  mm. 
in  diameter,  which  are  provided  with  wide  but  thin  flanges  at 
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their  opposite  ends,  which  do  not  require  to  be  bolted  together. 
These  pipes  are  laid  longitudinally,  but  not  very  evenly,  down  the 
centre  of  the  rectangular  drying  area,  the  latter,  called  the  "card," 
being  30  m.  wide  and  1  to  1.5  Km.  long  and  surrounded  by 
drainage  ditches  and  low  earth  embankments,  which  serve  to 
protect  the  hydro-peat  from  flowing  down  into  the  ditches.  The 
spreading  begins  at  the  rear  end  of  the  "card."  i.e.,  the  end 
furthest  removed  from  the  main  supply  pipe,  and  when  the  level 
of  hydro-peat  in  this  rear  end  reaches  the  proper  point,  the 
temporary  pipes  are  removed  one  by  one^  until  the  spreading 
reaches  close  against  the  trunk  line  and  is  transferred  to  the 
adjacent  empty  "card,"  which  is  to  be  flooded  as  soon  as  the 
flooding  of  its  successor  has  been  completed.  In  this  way  the 
temporär}'  pipes  are  all  verv*  roughly  in  position  by  the  time  the 
flooding  of  the  adjacent  "card"  has  been  completed,  so  that  only 
a  short  time  is  lost  in  the  mere  lining  up  of  these  pipes,  whereupon 
the  valve  is  opened  in  the  trunk  pipe  and  the  flooding  of  the  field 
commences. 

This  operation  is  much  facilitated  by  the  fact  that  the  pipes  do 
not  have  to  be  bolted  together,  and  no  gaskets  are  required.  This 
is  due  to  the  peculiar  qualities  of  hydro-peat,  which  is  apt  to  plug 
all  apertures.  The  spurting  of  the  liquid  through  the  larger  cracks 
in  the  pipe  joints  soon  discontinues,  and  the  fluid  emerges  only 
from  the  end  of  the  pipe-line. 

The  number  of  workers  required  for  the  production  of  a  ton  of 
hydro-peat  is  very  small,  because  the  production  is  much  central- 
ised, and  since  hydro-peat  is  a  liquid,  its  transportation  is  similarly 
a  very  easy  matter.  The  machiner}'  outlined  above,  which  in  its 
total  represents  a  standard  of  requisite  mechanical  units,  is  capable 
of  an  output  of  30,000  tons  of  peat  per  unit  year. 

The  hydro-peat  method^,  while  presenting  great  advantages  in 
regard  to  production  and  affording  great  savings  in  cost  and 
labour,  cannot  be  said  to  possess  any  advantages  over  other 
methods  in  regard  to  drying  peat.  More  than  that,  hand-cutting 
of  peat  always  produces  bricks  of  irregular  shape,  thus  always 
tending  to  increase  the  cost  of  the  subsequent  stages  of  the  work, 

wliile    the    highlv    wet    hydro-peat    retards    the    process    of    the 
natural  drying  of  peat. 

Recently,  however,  a  novel  automatic  cutter  has  been  designed 

(see  Fig.  6),  which  is  arranged  with  a  wide  special  caterpillar  tread 
which  cuts  the  peat  longitudinally  and  traversely  into  brick  shape 
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in  one  operation,  forming  regular  sized  bricks  which  dry  evenly 
and   facilitate  handling. 

The  transportation  of  the  finished  peat  fuel  from  the  bog  to  the 
point  of  consumption  often  costs  50  per  cent,  more  than  the  f .o.b. 
cost  at  the  bog.  The  hydro-peat  method  promises  a  great  reduction 
in  this  item  of  expense,  because  of  the  centralised  location  of  the 
drying  fields  and  their  regular  form. 


Fig.  6.     Caterpillar  for  cutting  hydro-peat  into  bricks. 


The  Natural  Drying  of  Peat 

The  natural  drying  of  peat  in  the  open  air  has  for  its  purpose 
the  drying  of  wet  peat  cut  from  the  bog  and  ordinarily  containing 
nine  parts  of  water  to  one  part  of  peat,  to  the  so-called  air-dried 
consistence  with  a  moisture  content  of  25  per  cent,  to  30  per  cent. 
In  the  main,  the  process  is  divided  into  two  essential  periods.  The 
first  is  the  period  of  intensified  peat  drying  until  the  peat  is  stacked 
in  piles  ;  while  the  second  consists  in  the  final  drying  of  peat  at  a 
slower  rate,  as  bricks.  The  bog  area  used  to  dry  wet  peat  is  pro- 
vided at  the  same  time  with  perpendicular  and  not  very  deep 
ditches,  to  remove  excess  water  from  the  upper  layer.  The 
preparation  of  the  drying  field  is  attended  to  beforehand  and  the 
ditch   system   ensures   the   necessary   and   timely   drying   of   the 
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surface  layer  of  the  dryino-  field.  Under  conditions  of  machine- 
cutting  methods  the  width  between  the  ditches  located  perpendicu- 
larly to  the  trunk  line  is  ordinarily  from  40  to  100  metres.  Other 
ditches  are  less  frequent  at  a  distance  of  from  80  to  120  metres, 

Alachine-cut  peat  bricks  are  placed  on  the  drying  fields  with  a 
slight  distance  between  the  rows,  while  hydro-peat,  in  the  case  of 
the  h\draulic  method  of  peat  excavation,  is  poured  out  in  layers  of 


Fig.  7.     Bricks  as  cut  by  caterpillar  cutter. 


a  definite  thickness  ;  ordinarily  not  exceeding  20  cm.  Afterw^ards, 
the  wet  peat,  so  distributed,  dries  sufficiently  for  the  bricks  to 
acquire  sufficient  mechanical  strength  to  be  turned  and  piled  one 
upon  another  ;  they  are  stacked  in  sets  of  twenty-five  and  later  in 
stacks  of  fifty.  Some  space  must  be  allowed  between  stacks,  so  that 
air  can  easily  circulate.  The  last  stage  consists  of  piling  peat  into 
large  dumps  where  it  is  allowed  to  dry  to  the  air-dried  condition. 

The  transition  from  one  subsequent  stage  of  drying  to  another  is 
determined  by  selecting  and  analysing  average  peat  samples.  A 
study  of  the  results  of  these  laboratory  tests  shows  the  following 
percentages  relation  of  moisture  content  at  various  times  of  drying 
machine-cut  peat  :— 
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MOISTURE   CONTENT   OF   MACHINE-FORMED  PEAT  AT   VARIOUS    STAGES 

OF  DRYING   IN  PERCENTAGES  TO  THE  MOISTURE  CONTENT  OF 

INITIAL  RAW    PEAT  ON  THE  FIRST  DAY  OF  DRYING 

Subsequent  Stages  Beginning  Small         Large 

of  detiydration  of  Turning        Fives  heapi  heaps       Dumps. 

Description  drying  (25)  (50) 

1. — Percentages  of 
water  evaporated 
compared  with  initial 
water  content  0  30  50  70  85  95 

2 — Actual  moisture 
of  peat  corresponding 
to  loss  shown  in  (1) 
when  initial  moisture 
of  peat  is  88  per  cent.        ...      88  84  79  69  50  25 

3. — Resultant  reduc- 
tion from  drying  in 
volume  of  peat  blocks 
as  compared  with 
original  volume      0  1.5  2.6  3.4  4.0  4.3 

A  study  of  the  air-dried  peat  shows  that  the  intensity  of  the 
process  is  inversely  proportional  to  the  relative  humidity  of  the 
air  and  directly  proportional  to  the  intensity  of  the  sun  rays  and 
strength  of  wind.  In  order  to  hasten  the  drying  process  it  is 
necessary  to  care  for  the  fields  bordering  on  the  drying  fields,  and 
have  them  open  and  cleared  from  any  undergrowth.  The  more 
thoroughly  this  is  done  the  less  obstacles  will  there  be  in  the  path 
of  air  streams  passing  over  the  peat. 

The  first  and  least  favourable  stage  of  drying  is  the  so-called 
spreading,  i.e..  placing  of  the  raw  peat  on  the  drying  fields  in  one 
row  of  bricks.  Since  the  drying  of  peat  must  be  confined  to  a 
definite  space  owing  to  the  expense  involved  in  transporting  wtt 
peat  great  distances,  the  rows  of  raw  peat  bricks  are  stacked  close 
agaist  one  another.  Due  to  this,  the  evaporation  of  moisture  takes 
place  onl}-  on  the  top  surface  of  the  bricks,  which,  as  compared  to 
the  whole  brick,  is  a  comparatively  small  area.  Besides,  the 
process  of  intense  evaporation  of  moisture  from  the  bricks  is  de- 
layed on  account  of  the  moisture-filled  air  and  the  surface  of  the 
drying  field.  This  necessitates  the  lifting  of  the  peat  bricks  slightly 
from  the  surface  of  the  bog  so  that  they  may  be  surrounded  by 
such  air  as  will  be  less  saturated  with  ground  moisture. 

The  two  provisions  (o)  elevation  of  drying  bricks  slightly  from 
the  comparatively  wet  bog  surface  and  (  b  i  keeping  the  bricks  in 
piles  of  one  or  another  form  only  as  long  as  is  necessary,  are  a 
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basis  for  guaranteeing  a  rapid  performance  of  the  drying  opera- 
tion. The  same  provisions  also  act  as  means  of  establishing  a 
technical  control  of  the  process  of  peat  drying. 

The  duration  of  peat  drying,  in  the  one  or  other  operation, 
depends   chiefly   on  weather  conditions. 

The  following  table  gives  the  average  statistical  data,  compiled 
during  the  course  of  several  years  : — 

TIME  OF  EXPOSURE  TO  DRYING  TILL  DAY  OF  DUMPING 

Total  drying 
One  row  Fives  Small  Stacks        Large  stacks  till  dumping 

7-12  days         7-10  days         7  days         7  days         28-36  da\s 

The  average  time  for  peat  drying  to  the  moment  of  its  being 
dumped  is  about  a  month.  The  number  of  operations  shown  in 
the  table  may  be  decreased  under  favourable  weather  conditions 
to  two  days  for  spreading  and  turning  (small  stacks),  and  the 
period  of  drying  reduced  from  a  month  to  twenty-four  days,  an 
economy  of  20  per  cent. 

The  drying  of  peat  in  dumps,  which  are  regular  piles  containing 
about  80  cubic  metres  volume,  usually  varies  from  50  per  cent, 
moisture  content  down  to  25  per  cent.,  and  continues  from  two 
to  three  months,  depending  on  weather  conditions.  This  drying 
also  depends  on  the  method  of  stacking  the  peat  and  the  size  of 
the  dumps.  The  wider  the  dumps,  the  closer  the  bricks  are  placed, 
and  the  slower  the  drying. 

However,  as  the  strength  of  stacking  is  a  consideration  of  no 
small  importance,  it  becomes  necessary  to  encase  the  piles  with 
walls,  sometimes  wall  to  wall,  as  is  done  in  making  the  brickwork 
of  buildings.  In  order  to  simplify  the  drying  process  under  un- 
favourable weather  conditions,  dumps  rising  from  0.5  metres  to 
1  metre  above  the  surface  of  the  bog  have  openings  of  about  250 
to  200  mm.  left.  Peat  which  crumbles  easily  is  protected  by 
placing  wooden  branches  between  the  rows  of  peat  bricks. 

Women  usually  carry  out  the  work  in  connection  with  peat  drying. 
The  number  of  hours  expended  during  the  various  stages  of  the 
process  for  1,000  bricks  is  as  follows  : — 

Piles  of  5   ...  ...  0.70  working  hours. 

Piles  of  25  (small)  ...  0.79 

Piles  of  50  (large)  ...  0.86 

Dump  (final)  ...  2.75 
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Es  wird  über  die  Torf reichtü mer  der  U.S.S.R.,  deren  Vorkommen  und 
Gewinnungsmethoden,  über  die  natürliche  Trocknung  und  den  Verbrauch 
des  Torfes  berichtet.  Der  gesamte  Flächeninhalt  der  Torflager  im  europä- 
ischen Teile  der  Union  beträgt  ca  31,2  Millionen  ha,  was  einen  Vorrat  von 
32  Milliarden  t  konventionellen  Brennstoffes  von  7  000  cal/kg  ausmacht. 
Die  Torflager  der  U.S.S.R.  bestehen  zum  grössten  Teil  aus  Hochmooren,  die 
holzreich  sind  und  gute  Torfeigenschaften  haben,  d.h.  einen  geringen  Ballast- 
Inhalt  und  einen  Heizwert  der  organischen  Masse,  der  zuweilen  6  000  cal/kg 
übersteigt  (gemessen  nach  der  Methode  der  kalorimetrischen  Bombe). 

Die  Torfgewinnung  in  der  U.S.S.R.  erreichte  in  1927  4,9  Millionen  t,  und 
für  1928  ist  eine  Gewinnung  von  7,5  Millionen  t  vorgesehen,  was  4,26-mal  die 
maximale  Gewinnung  der  Vorkriegszeit  übertrifft. 

Die  Vervollkommung  der  Technik  der  Torfgewinnung  hat  zum  Ziel,  die 
bestehenden  Elevatorenanlagen  zu  verbesem  und  neue  Verfahren  der  Torf- 
gewinnung zu  finden.  Die  frühere  Art  der  Elevatorenanlagen  wurde  durch 
die  Anwendung  eines  verlängerten  geknickten  Anhänge-Zubringers,  eines 
Seilförderers  und  einer  Vorrichtung  zum  Holzausziehen,  wie  auch  durch  die 
Vervollkommnung  der  Formpresse  verbessert. 

Der  Abbau  der  holzfreien  Torflager  wurde  durch  die  Mehreimerbagger 
Pankratoff  und  Birjukoff,  sowie  durch  die  Fräsmaschinen  zum  Schichtfräsen 
nach  dem  Korelin- Verfahren  mechanisiert.  Die  Ausbeutung  der  holzreichen 
Torflager  ist  fast  gänzlich  nach  dem  hydraulischen  Torfgewinnungsverfahren 
(Spritzverfahren)  mechanisiert.  Es  kommen  auch  die  Fräsmaschinen  von 
Rogoff  (für  Schichtenfräsen)  und  von  Tipermas  (für  Tief  fräsen)  zur  Anwen- 
dung. 

Der  ganze  Komplex  dieser  Vervollkommnungen  begünstigte  die  Entwicklung 
der  Torfgewinnung  in  der  Union  bei  gleichzeitiger  Verminderung  der  Arbeiter- 
zahl, Erleichterung  der  Arbeitsbedingungen  auf  den  Torflagern  und  Herab- 
setzung der  Gestehungskosten  des  Torfbrennstoffes,  der  bei  den  jetzigen 
Verhältnissen  in  der  Union  ganz  rentabel  und  gegenüber  anderen  Brennstoffen 
konkurrenzfähig  ist. 

Der  in  der  U.S.S.R.  gewonnene  Torf  wurde  früher  hauptsächlich  in  der 
Textilindustrie  verbraucht.  Die  Fortschritte  der  Torftechnik  hatten  zur 
Folge,  dass  bei  der  Entwicklung  der  Elektrifizierung  einige  grössere  mit  Torf 
arbeitende  Grosskraftwerke  (  Überlandzentralen)  errichtet  wurden  und  zwar: 
Elektroperedatscha  mit  36  000  kW,  das  staatliche  Schatura- Kraftwerk  mit 
136  000  kW,  die  Kraftwerke  in  Nischni-Nowgorod  und  Leningrad  zu  je 
20  000  kW  u.a. 

Im  Bericht  wird  hervorgehoben  dass  alle  Fortschritte  der  U.S.S.R.  auf  dem 
Gebiete  der  Torf  Wissenschaft  und  der  Torftechnik  von  Sowjetfachmännern 
durchgeführt  worden  sind,  die  im  Staatlichen  Torfforschungsinstitut  unter 
der  Leitung  des  Gründers  und  Direktors,  Herrn  J.  J.  Radschenko, 
vereinigt  sind. 
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A  great  deal  of  attention  has  been  paid  by  heat  and  power  engineers 
in  Russia  to  the  scientific  and  technical  aspects  of  the  problem  of 
burning  peat  in  the  most  economical  manner.  Accordingly,  numer- 
ous tests  have  been  made  and  stokers  of  various  designs  constructed, 
e.g.,  the  Stepanov  stoker  with  stepped  brick  arches;  the  Kovalsky 
stoker  in  which  the  grate  bars  were  arranged  in  a  movable  carriage; 
the  Kirsh  two-sloped  hopper  stoker  fitted  with  inclined  oscillating 
grate  bars,  and  a  number  of  others. 

All  the  above  stokers  were  operated  for  long  periods  of  time  and 
proved  to  possess  serious  disadvantages,  none  of  them  being  fit  for 
the  rational  combustion  of  peat.  When  operated  in  actual  practice, 
marked  divergences  of  operation  data  from  those  theoretically 
estimated  were  exhibited.  The  requisite  movement  of  the  fuel 
within  the  hopper  coiild  not  be  obtained.  Besides,  in  all  of  the 
above  stokers  it  was  found  that  unburned  peat  would  slide  or  roll 
down  to  the  rear  part  of  the  grate  near  the  drums,  where  the  com- 
bustion of  coke  should  have  been  completed  and  pure  clinker  hould 
have  formed.  Such  behaviour  of  the  fuel  resulted  in  gas  genera- 
tion at  this  rear  end  of  the  grate,  causing  considerable  incomplete- 
ness of  combustion.  In  these  stokers  the  destruction  of  grate  bars 
was  excessively  rapid,  and  this  caused  irregular  motion  of  the  bars. 

To  cure  all  these  defects  was  no  easy  matter  (though  it  may  seem 
so  now),  and  a  number  of  years  were  spent  in  an  endeavour  to  bum 
peat  in  a  more  economical  manner.     Finally,  in  1 920,  arrangements 
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were  made  by  Prof.  Makarieff  for  special  tests  of  peat  combustion 
on  an  industrial  scale  at  the  Leningrad  Tramway  Electric  Station; 
and  there  was  tried  out  quite  a  novel  type  of  peat  burning  stoker, 
which  comprised  a  nearly  horizontal  chain  grate  instead  of  inclined, 
oscillating  grate  bars.  Hopper  B  of  the  older  design  was  retained, 
but  a  special  drying  device  was  arranged  in  its  front  part.  More- 
over, a  combustion  chamber  C  was  placed  above  the  grate. 

The  use  of  the  chain  grate  made  possible  the  mechanisation  of  fuel 
movement  within  the  firebox.  By  regulating  the  rate  of  fuel 
movement,  and,  if  required,  the  thickness  of  the  fuel  bed,  it  was 
easy   to   vary   the   rate  of  combustion  and  to  provide  an  exactly 


Fig.    1.     Prof.   Makarieff 's  hopper-feed  chain    grate    installed    under  a 
420  sq.  m.  Garbe  boiler  at  the  Tramway  Electric  Station  in  Leningrad. 

measured  and  adequate  air  supply.  The  chain  grate  made  it 
possible  to  establish  the  right  sequence  for  a  combustion  process, 
viz.,  the  raw  fuel  was  first  dried  in  the  front  part;  then  the  fuel  was 
gasified;  coke  formed  in  the  process  of  combustion;  coke  burned; 
and,  finally,  clinker  formed  and  was  removed. 

The  front  wall  of  the  hopper  was  provided  with  a  number  of  pre- 
drying  brick  arches  (K)  which  were  arranged  in  the  form  of  steps. 
Air  was  introduced  through  the  front  space  between  the  arches,  while 
peat  was  temporarily  retained  on  the  arches.     In  the  case  of  moist 
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peat,  it  formed  a  smouldering  or  slightly  burning  mass,  thereby 
effecting  the  pre-drying  of  the  whole  quantity  of  peat.  In  the 
hopper  itself,  in  front  of  the  arches,  where  the  constant  movement 
of  the  peat  occurred,  combustion  did  not  take  place.  By  removing 
peat  from  the  arches  it  was  possible  to  observe  the  motion  of  dark 
peat  on  the  hopper  bottom.  The  pre-drying  of  peat,  as  well  as  the 
gasification  in  the  hopper,  could  be  controlled  by  the  amount  of  air 
admitted  from  the  front  part. 


Fig.  2.     Sliding  flue  damper  for  regulating  the  thickness  of  the  fuel 
bed    of    small,    hopper-feed,    chain-grate    stokers. 

The  rear  wall  of  the  hopper,  immediately  adjacent  to  the  com- 
bustion chamber,  was  also  constructed  of  a  number  of  arches, 
between  which  gases,  which  had  formed  in  the  hopper,  could  pass. 
The  lowermost  arch  (D)  regulated  the  depth  of  the  fuel  bed  at  the 
hopper  outlet.  As  the  test  showed,  the  alteration  of  the  thickness 
of  the  fuel  bed  had  to  be  but  seldom  resorted  to  ;  therefore,  for  the 
sake  of  simplicity  of  design,  the  separating  arch  was  made  fixed,  the 
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control  being  performed  exclusively  by  varying  the  speed  of  the 
grate  and  the  intensity  of  air  admission.  However,  where  peat 
varied  considerably  in  moisture  content  as  well  as  in  specific 
gravity,  it  was  found  to  be  advisable  to  use  sliding  flue  dampers  for 
controlling  fuel  bed  thickness.  These  dampers  did  not  require  to 
be  made  continuous,  inasmuch  as  the  bulk  of  the  fuel  consisted  of 
large  lumps  of  peat,  so  the  construction  adopted  comprised  merely 
a  number  of  dampers  set  a  considerable  distance  apart.  In  com- 
paratively small  boiler  installations,  the  design  of  dampers  (shown  in 
Fig.  2)  was  successfully  applied. 

In  this  design  the  grate  is  made  of  a  winding  pipe,  which  is  lowered 
into  the  hopper.  The  lateral  ends  of  the  pipe  extend  up  above  the 
rim  of  the  hopper  and  are  threaded  in  their  upper  parts.  One  of  these 
ends  is  connected  with  the  cooling  water  supply,  while  through  the 
other  water  is  let  out.  Such  a  damper  is  exceedingly  simple  and 
inexpensive.  The  intervals  between  the  horizontal  runs  of  the  pipe 
give  ample  space  for  the  gases  and  part  of  the  combustion  products 
to  pass  through  from  the  lower  part  of  the  hopper.  The  regulation 
of  the  thickness  of  the  fuel  bed  is  made  within  the  limits  of  200  and 
250  mm. 
One  of  the  important  features  of  the  chain-grate,  hopper  stoker 
is  the  arrangement  of  combustion  chamber  C,  the  chief  function  of 
which,  when  burning  peat,  is  to  cause  the  complete  combustion  of 
volatile  matter  emitted  by  peat  in  abundance  during  the  first  stage 
of  combustion.  Moreover,  such  a  combustion  chamber  is  necessary 
for  maintaining  a  very  high  and  uniform  temperature  over  the  fuel 
bed,  so  as  to  produce  steady  combustion.  It  was  found  that,  in  the 
case  of  peat  fuel,  the  transmission  of  heat  to  the  boiler  by  radiation 
was  not  an  important  consideration;  although  it  was  found  that 
its  effect  varied  with  the  grade  of  peat. 

Dry  peat,  or  peat  of  high  calorific  value,  requires  a  large 
combustion  chamber,  whereas  wet  peat,  or  peat  of  low 
calorific  value,  is  best  burned  in  a  very  small  combustion 
chamber.  The  combustion  of  moist  peat  commences  at  a  short 
distance  from  the  separating  arch,  so  that  the  function  of  the  front 
part  of  the  combustion  chamber  is  to  dry  up  completely  the  fue 
and  to  heat  it  up  to  the  temperature  of  combustion.  It  is  clearly 
evident  that  the  combustion  chamber  plays  an  especially  important 
part  in  the  burning  of  moist  peat,  because  such  peat  requires  a 
high  and  imiform  temperature  for  steady  combustion.  At  the  rear 
end  of  the  combustion  chamber  is  arranged  an  additional  arch 
designed  to  promote  the  mixing  of  the  burning  gases. 
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Behind  clinker  breaker  L,  at  the  rear  end  of  the  chain  grate, 
chnker  chamber  F  is  arranged,  fitted  with  a  supplemental  grate, 
which  serves  to  effect  the  complete  combustion  of  any  partly 
burned  coke  that  may,  as  the  tests  show,  fall  thereon  if  the  fireman 
becomes  careless  and  operates  the  chain  grate  at  a  very  excessive 
speed.  Normally,  however,  only  pure  clinker  falls  upon  the  bars 
of  the  supplemental  grate.  Caught  on  this  grate,  cUnker  is  cooled 
and  ventilated,  and,  therefore,  when  removed  from  the  grate  or 
shaken  off  into  the  ashpit  by  movable  bars  it  is  quite  odourless. 

The  air  in  the  ash  galleries  is  at  all  times  so  pure  that  no  fan  is 
required. 

The  first  hopper-feed,  chain-grate  stoker  was  designed  as  shown 
in  Fig.  1  and  was  placed  under  a  Garbe  boiler  of  420  sq.  m.  heating 
surface.  The  design  of  the  stoker  had  to  be  adapted  to  the  already 
existing  plant.  The  boiler  was,  therefore,  fitted  with  a  double 
stoker,  provided  with  two  hoppers,  two  chain  grates,  two  com- 
bustion chambers  and  two  supplemental  clinker  grates. 

After  the  Makarieff  stoker  had  been  given  a  long  and  careful  test 
at  a  number  of  experimental  installations,  it  was  found  to  give 
such  good  results  as  to  make  it  possible  to  regard  the  fundamental 
problem  of  the  rational  combustion  of  peat  as  solved,  thereby 
creating  a  sound  basis  for  the  erection  of  peat-consuming  central 
electric  stations  on  a  large  scale.  Thereupon,  in  1922,  was  begun 
the  design  of  a  central  electric  station  for  the  Shatura  bog  located 
115  Km.  from  Moscow.  The  capacity  of  the  station  at  the  outset 
was  48,000  kW.,  with  suitable  provision  for  extensions  at  a  later 
date  to  100,000  kW.  Construction  was  started  in  the  summer  of 
1923  and  completed  toward  the  end  of  1925.  At  this  station  were 
installed  three  turbo-generators  of  16,000  kW.  each,  operated  at  18 
atmospheres  pressure  in  the  boilers  and  1 6  atmospheres  pressure  in 
the  turbines.  The  boiler  room  (see  Fig.  3)  is  provided  with  Garbe 
boilers  of  Czechoslovakian  make,  each  having  a  heating  surface 
of  750  sq.  m.  Behind  each  boiler  is  a  Green  économiser  of  640 
sq.  m.  and  an  air  pre-heater  of  720  sq.  m. 

Theplantis  laid  out  on  theunitbasis,^.^., each  boiler  is  complete  with 
an  independent  économiser,  air  pre-heater  and  even  with  a  special 
feed  pump.  As  shown  in  Fig.  3,  suitable  provision  is  made  for  moist 
peat;  that  is,  it  is  possible  to  decrease  the  action  of  the  économiser 
and  to  increase  that  of  the  air  pre-heater.  In  emergency,  the  water 
économiser  may  be  cut  out  altogether,  so  as  to  direct  the  whole 
amount  of  gases  from  the  boiler  directly  to  the  air  pre-heater. 
The  air  pre-heater  consists  of  two  sets  of  heating  chambers,  between 
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which  there  is  a  space  into  which  any  desired  portion  of  the  flue 
gases  can  be  made  to  flow  (and  pass  directly  to  the  exhaust  fan) 
without  passing  through  the  heating  chambers.  Each  air  pre- 
heater  is  provided  with  a  two  stage  induced  draught  fan,  driven  by 
one  motor.  Each  of  the  sets  of  air  pre-heaters  consists  of  four 
chambers  of  90  sq.  m.  heating  surface  each.  Normally  all  these 
four  chambers  of  each  set  work  in  series,  the  cold  air  entering  on 
the  same  side  as  that  from  which  the  heated  air  leaves.  This  air 
heater  is  constructed  on  the  plate  "Rotator"  system. 

Each  boiler  is  provided  with  a  pair  of  hopper-feed,  chain  grates, 
supplied  by  fuel  from  individual  fuel  spouts  and  hoppers.     Each 
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Fig.      3.     Vertical  section  of  Shatura  Electric  Station. 

furnace  has  a  chain  grate  and  has  a  width  of  2,400  mm.  The  zone 
blast  system  is  installed,  which  is  of  particular  importance  in 
the  combustion  of  peat,  because  with  it,  the  attendant  can  accu- 
rately regulate  the  intensity  of  combustion  in  any  part  of  the  grate 
and  can  change  this  intensity  without  the  risk  of  excessive  air 
being  admitted  into  the  combustion  chamber.  The  portion  of  the 
grate  situated  below  the  hopper  is  not  provided  with  an  air  blast 
zone,  the  blast  chamber  being  unneccessary  at  this  point.  Air  is 
admitted  to  the  hopper  through  the  grate  from  the  ashpit,  to  which 
it  may  be  fed  either  hot  from  the  general  air  vent  or  cold  from 
the  outside  through  the  front  wall. 
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A  front  air  chamber  is  provided,  from  which  air  having  traversed 
the  front  wall  may  be  directed  towards  the  ignition  arches.  A 
special  valve  is  provided  for  each  front  air  aperture  so  as  to  afford 
means  of  regulating  air  admission  to  every  pre-drying  arch  step. 

When  dry  peat  is  being  burned,  the  flow  of  air  through  the  front 
wall  is  cut  off  almost  completely.  The  front  doors  of  the  boilers, 
shown  in  the  photograph  (Fig.  4),  also  serve  to  permit  inspection 
of  the  pre-heating  arches.  A  certain  additional  air  supply  is  also 
introduced  into  the  combustion  chamber  through  the  apertures  of 
the  upper  arch,  at  which  point  the  addition  of  hot  air  considerably 


Fig.  4.     Boiler  room  of  Shatura  Electric  Station. 

aids  in  the  completion  of  gas  combustion.  At  the  rear  end  of  the 
chain  grate,  a  Steinmüller  clinker  breaker  is  installed,  behind  which 
is  located  an  ashpit  provided  with  supplemental  shaking  grates, 
which  latter  cause  the  clinker  to  cool  and  become  ventilated;  while 
if,  through  the  negligence  of  the  attendant,  some  coke  falls  on  this 
supplemental  grate,  it  is  completely  burned  there. 
The  peat  fuel  comes  into  the  boiler  room  direct  from  the  bog  in 
narrow-gauge  cars,  which  are  hauled  by  cable  up  into  the  bunker 
room    and    discharged    automatically    d'rectly    into    the    bunkers. 
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From  the  latter  the  fuel  flows  down  through  large  spouts  into  the 
hoppers,  the  flow  through  the  spouts  being  controlled  by  dampers, 
which,  when  closed,  do  not  prevent  the  peat  lumps  moving  freely, 
owing  to  an  enlargement  in  this  part  of  the  spout. 

For  the  proper  combustion  of  peat  fuel,  an  active  grate  area  of 
30  per  cent,  is  required. 

Such  a  peat-burning  central  electric  station  as  that  at  Shatura 
well  merits  a  minute  study  of  its  operating  results,  as  it  has 
been  in  continuous  operation  for  more  than  two  years,  and,  there- 
fore, provides  working  data  sufficient  to  illustrate  the  merits  of  the 
plant.  These  data  may  be  obtained  either  from  the  records  of 
special  tests  made  in  December  1925  by  the  Moscow  Technical 
Survey    Commission,     or     from    tests    performed    by    the    heat 


Fig.   5.     Layout  of  boiler  installation  at  the  Shatura  Electric  Station, 
showing  the  points  where  the  readings  of  gas  temperature  and  air  pressure 

were  taken. 

engineers  of  the  station  or  finally  from  the  daily  operating  reports. 
The  Technical  Survey  Commission  made  three  tests,  two  of  which 
refer  to  the  installation  as  a  whole  (boiler,  water  économiser  and 
air  pre-heater) ,  while  in  the  third  test  the  économiser  was  by-passed 
by  means  of  dampers,  and  all  of  the  flue  gases  directed  through  the 
air  pre-heater,  resulting,  of  course,  in  a  hotter  air  blast  in  the 
third  test. 

In  the  above  sketch  (Fig.  5)  the  main  points  are  indicated,  where 
the  temperature  and  pressure  readings  were  taken.  In  the  first 
test  the  water  evaporation  was  40  to  45  Kg.  per  sq.  m.;  in  the  second 
test  50  to  55  Kg.  per  sq.  m.;  and  in  the  third  test  (with  économiser 
by-passed)  40  to  45  Kg.  per  sq.  m.    The  analysis  of  the  fuel  used 
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in  all  these  tests  was  as  follows:  C=  34-52  per  cent.;  H=3*49 
percent.;  0+N=  19-05  per  cent.;  Water=38-68  per  cent.; 
S  =  0-16  per  cent.;   Ash=4-10  per  cent. 

The  net  calorific  value  of  such  a  grade  of  peat  is  2,939  cal./Kg. 
During  the  tests  only  part  of  the  chain  grate  was  utilised  for  com- 
bustion; the  rearmost  portion  (about  1  m.)  of  the  grate  was  covered 
only  by  clinker  and  did  not  take  part  in  the  combustion,  even  when 
such  an  evaporation  rate  as  52-4  Kg.  sq.  m.  was  being  obtained. 
For  this  reason,  the  combustion  rate  is  illustrated  by  two  figures: 
the  one  refers  to  the  rate  per  sq.  m.  of  exposed  grate  area,  and  the 
other  to  the  rate  per  sq.  m.  of  combustion  grate  area.  The  average 
evaporation  rate  per  sq.  m.  of  heating  surface  in  these  three  tests 
was: — 

44-25  Kg.  sq.  m.         52-4  Kg.  sq.  m.         46-9  Kg.  sq.  m. 

The  intensity  of  combustion  per  hr.  per  sq.  m.  of  grate  area  was: — 
640  Kg.  sq.  m.  794  Kg.  sq.  m.  749  Kg.  sq.  m. 

The  intensity  of  combustion  per  hr.  per  sq.  m.  of  combustion  grate 
area  was: — 

875Kg.  sq.  m.  1,142  Kg.  sq.  m.         1,020  Kg.  sq.  m. 

The  calories  X 10^  given  off  per  sq.  m.  of  exposed  grate  area  were: — 
1-941  2-33  2-3 

The  calories  X  10^  given  off  per  sq.  m.  of  combustion  grate  area  were: 
2-65  3-35  3-135 

The  true  performance  of  these  stokers  is  indicated  by  the  figures 
based  on  combustion  grate  area. 

Such  intensity  of  combustion  per  sq.  m.  of  exposed  grate  area 
represents  a  very  notable  performance,  being  2-5  times  greater 
than  that  obtained  from  ordinary  chain  grates  burning  the  best 
English  coal;  and  it  surpassed  our  wildest  expectations.  The  fact 
that  the  above  figures  for  the  intensity  of  combustion  many  times 
exceed  those  obtained  during  previous  tests  at  former  experimental 
installations  may  be  accounted  for  by  the  use  of  pre-heated  air. 

One  more  remarkable  fact  is  that  such  intensity  of  combustion 
could  be  obtained  from  peat  with  a  moisture  content  of  38-68 
per  cent. 

Actually,  we  can  and  have  gone  even  beyond  the  evaporation  rate 
rate  recorded  for  the  second  experiment,  viz.,  52-4  Kg.  sq.  m.  For 
instance,  we  have  obtained  a  prolonged  evaporation  rate  of  63-3  Kg. 
sq.  m.  without  particularly  forcing  the  stoker.  Hitherto,  with 
other  grades  of  fuel  the  steam  production  has  been  limited  by  the 
stoker,  i.e.,  the  intensity  of  combustion.  The  latter  has  reached 
such  figures  when  using  peat  fuel  that,  with  normal  dimensions  of 
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mechanical  grates,  the  value  of  D/H  may  be  as  much  as  75  Kg.  sq.  m. 
But  the  question  then  arises  as  to  whether  available  boilers  are 
sufficiently  adapted  to  such  a  rate  of  evaporation.  We  have 
hitherto  based  the  designs  of  electrical  power  generating  plants  on 
the  figure  of  50  Kg.  sq.m.  for  the  rate  of  evaporation.  This  figure 
is  obtained  as  a  result  of  considerable  experience,  since  the  Shatura 
station  has  been  working  over  two  years  at  this  evaporation  rate, 
and  no  trouble  has  occurred  with  the  water  tubes.  The  limit  of 
boiler  evaporation  depends  upon  the  circulation  of  the  boiler,  and 
the  latter,  if  defective,  burns  out  boiler  tubes  very  quickly;  so,  if  the 
boilers  have  been  able  to  stand  up  this  length  of  time,  it  is  clear  that 
our  figure  of  50  Kg.  sq.m.  for  normal  evaporation  (and  even  60  in 
emergency)  may  be  adopted  in  designing  new  generating  plants. 

When  operating  with  such  rates  of  evaporation,  the  question 
naturally  arises  as  to  how  changes  in  the  intensity  of  combustion 
(say,  30  to  60  Kg.  sq.m.)  influence  the  efficiency  of  the  boiler  room. 
At  a  first  glance  it  might  seem  that,  when  the  boiler  works  normally 
at  the  rate  of  30  Kg.  sq.m.,  the  heat  losses  of  the  flue  gases  would 
so  increase  that  the  overall  efficiency  would  be  lowered  when 
adopting  60  Kg./sq.  m.  But  the  operating  data  of  the  Shatura 
Generating  Station  show  that  we  need  have  no  fears  on  this  point. 
The  following  readings  illustrative  of  the  relationship  between 
evaporation  changes  and  the  temperature  of  the  flue  gases  were 
taken  under  normal  working  conditions: — 


Evaporation  rate  per  sq. 

m.  boiler  surface        ...      35-8 

38 

40 

39-7 

50      51-6 

54-4      63-3 

Temp,  flue  gases  (deg.  C.)   127 

124 

136 

127 

143    156 

152       146 

Flue  gas  temperature  depends  on  a  considerable  number  of  factors, 
such  as  quality  of  peat,  moisture,  etc.  Nevertheless,  the  above 
figures,  rough  as  they  are,  give  a  picture  of  the  relationship,  e.g., 
with  a  change  in  evaporation  rate  of  35  to  55,  the  flue  gas  tempera- 
ture increases  by  30°C. 

This  is  a  very  favourable  factor  in  the  operation  of  central  electric 
power  generating  plants,  because  of  the  fact  that  the  loading  of  the 
boiler  aggregate  may  be  changed  within  wide  limits  without 
materially  affecting  the  operating  efficiency.  To  arrive  at  a  more 
exact  evaluation  of  the  commercial  value  of  such  rate  of  evaporation , 
which  point  will  be  more  completely  dealt  with  further  on,  we 
must  first  take  up  the  matter  of  the  operation  of  the  stokers  as 
well  as  that  of  the  whole  boiler  installation. 

In  Fig.  5  are  shown  the  points  where  gas  temperature  readings 
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were  taken.  In  the  second  test  previously  mentioned  (with  an 
evaporation  rate  of  52-4  Kg.  persq.  m.)  the  temperature  readings 
in  degrees  Centigrade,  at  the  first  seven  points  were  as  follows: — 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

1,165 

1,231 

1,140 

1,132 

1,103 

882 

1,160 

3390 

374-2 

367-5 

220-5 

235-7 

361-4 

154-2 

163-4 

265-5 

The  behaviour  of  the  boiler  units,  taken  as  a  whole,  is  shown  by 
the  following  average  temperatures  for  all  three  tests,  in  °C.  : — 

At  the  boiler 

Before  air  pre-heating... 

After  air  pre-heating    ... 

The  high  temperature  behind  the  air  pre-heater  in  the  third  test  is 
due  to  the  fact  that  the  économiser  was  by-passed  entirely,  the  air 
pre-heater  only  being  employed. 

The  work  of  a  stoker  is  characterised  by  the  excess  of  air  and  by 
the  incompleteness  of  combustion.  Examining  the  new  stokers 
from  this  point  of  view,  the  records  indicate  that  in  the  second  test 
the  average  excess  of  air  behind  the  boiler  was  1  -25,  the  incomplete- 
ness of  combustion  being  0-05.  Such  a  result  in  the  excess  of  air 
is  to  be  considered  as  quite  exceptional,  since  it  closely  approaches 
the  data  obtained  when  burning  pulverised  fuel. 

To  give  further  details  concerning  the  performance  of  both  the 
stoker  and  the  whole  installation,  we  submit  the  following  data 
showing  the  pre-heating  of  water  and  the  temperature  of  air  admitted 
to  the  stoker  for  three  tests,  in  °C.  : — 

Temperature  of  water  behind  the  économiser      93-55  1 16-0  36-8 

Temperature  of  air  entering  the  stoker        ...      113-8  115-8  178-0 

The  low  temperature  of  the  water  and  the  high  temperature  of  the 
air  in  the  third  test  are  accounted  for  by  the  fact  that  the  économiser 
was  by-passed. 

As  regards  the  mechanical  incompleteness  of  combustion,  it  was 
found  that  the  weight  of  clinker  and  ash  in  all  three  tests  was  very 
nearly  equal  to  the  weight  of  the  inorganic  components  in  the  peat, 
the  mechanical  incompleteness  of  combustion  being  a  fraction  of 
1  per  cent. 

To  give  a  picture  of  the  overall  performance  of  this  new  peat  con- 
suming plant,  we  give  the  following  figures  from  a  heat  balance 
sheet: — • 

Total  heat  input  in  the  stoker. 

Heat  in  air... 
Heat  in  1   Kg.  fuel 


Qa 
Q, 

/o 

4-1    .., 
95-9  ... 

% 

4-77  .. 
95-23  .. 

/o 

7-00 
.      92-93 

100       .. 

.      100       .. 

.      100 
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Heat  absorbed  in: — 
Evaporation 
Steam  superheating 
Feed  water  pre-heating    ... 
Air  pre-heating 

Thermal  eflficiency 

Losses 
In  flue-gases 

Chemical  incompleteness  of  combustion 
Sifting  through  grate 
Radiation  into  surrounding  medium      ...     Qr 


100 


1-56  ...        2-40 


100 


Ö» 

65-68   ... 

6200   ... 

62-51 

Q» 

10-43   ... 

9-03   ... 

8-59 

Qe 

805   ... 

1016  ... 

0-81 

Qp 

3-44  ... 

4-47  ... 
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As  already  stated,  the  économiser  was  by-passed  in  the  third 
test;  and  hence  the  columns  for  the  first  two  tests  may  be  con- 
sidered normal  operation.  Such  high  overall  operating  efficiencies 
as  87-6  per  cent,  and  85-66  per  cent,  are  nowadays  only  obtained 
with  difficulty,  and  then  only  in  a  few  of  the  most  up-to-date  power 
generating  plants  when  using  the  highest  grade  fuel. 

The  obtaining  of  such  first-class  operating  efficiencies  in  the  first 
electric  power  generating  station  specially  designed  for  burning 
peat  fuel  gave  us  ample  assurance  of  the  desirability  of  employing 
peat  fuel  in  the  electrification  of  the  whole  country. 

It  was  decided,  because  of  these  facts,  to  expand  the  initial  48,000 
kW.  of  the  Shatura  Electric  Station  to  136,000  kW.,  by  installing 
additional  turbo-generators  of  44,000  kW.  each,  and  nine  additional 
boilers,  three  of  which  are  to  be  12,000  sq.  m.  each,  and  six  1,500 
sq.  m.  each.  The  reason  why  the  original  boilers  were  only  750  sq.  m. 
was  because  of  a  doubt,  at  that  time,  as  to  whether  chain  grates 
wider  than  2,500  mm.  would  be  practical  in  peat  combustion.  The 
present  experiment  has  made  it  possible  to  double  the  power  of 
boiler  units  in  the  same  plant,  using  a  grate  4,000  mm.  wide 
instead  of  the  former  2,400  mm. 

A  shding  flue  damper  provided  for  the  controUing  of  the  fuel  bed 
thickness  was  made  adjustable,  being  constructed  of  a  hoUow  beam 
with  refractory  clay  plates  secured  to  its  faces. 

The  experience  at  the  Shatura  plant  was  used  as  a  basis  for  the 
design  of  an  extension  of  the  sub-central  electric  power  plant, 
"Electro-transmission."  In  the  latter  was  installed  a  battery  of 
Garbe  boilers  each  having  a  heating  surface  of  750  sq.  m.  Each 
boiler  was  provided  with  a  pair  of  Prof.  Makarieff's  hopper-feed 
chain-grate  stokers,  2,400  mm.  wide.  The  boiler  room  was  provided 
with  water  and  air  economisers. 

Almost  simultaneously  with  the  Shatura  Station  was  built  another 
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peat-burning  central  electric  power  generating  plant  at  Nijny 
Novgorod.  The  initial  installation  of  20,000  kW.  is  already  in 
operation.  There  were  installed  750  sq.  m.  English  boilers  of  the 
StirHng  type  provided  with  Prof.  Makarieff' s  hopper-feed  chain- 
grate  stokers. 

The  20,000  kW.  "Red  October"  electric  power  generating  plant  in 
Leningrad  is  already  in  operation  and  uses  peat  fuel,  and  is 
now  being  extended.  In  it  are  to  be  installed  two  additional  turbo- 
generators of  44,000  kW.  each  and  six  additional  boilers  of  1,750 
sq.  m.  each.  Each  boiler  is  to  be  equipped  with  a  water  économiser 
and  with  an  air  pre-heater  which  will  enable  the  air  to  be  heated 
up  to  260X. 

The  erection  of  this  plant  was  begun  in  the  summer  of  1928 
and  by  the  beginning  of  1929  Leningrad  will  have  a  peat-burning 
central  generating  plant  of  1 10,000  kW.  The  new  boiler  room  has 
been  designed  for  an  evaporation  rate  of  50  Kg.  per  sq.  m.  The 
combustion  chamber  volume  is  made  larger  than  that  at  the 
Shatura  Station,  and  the  air  is  pre-heated  to  a  higher  degree 
than  the  air  at  the  Shatura  Station.  Moreover,  the  pre-heated 
air  has  a  considerably  higher  temperature  than  that  adopted 
at  the  Shatura  plant.  The  latter  was  using  normal  air  pre- 
heating up  to  120°C.;  and  only  by  cutting  off  the  water  économiser 
did  it  become  possible  to  raise  the  pre-heating  up  to  178°C.;  the 
"Red  October"  plant  was  designed  for  pre-heating  up  to  260°C. 

After  Prof.  Makarieff' s  hopper-feed  chain  grate  stokers  had  satis- 
factorily solved  the  question  of  burning  peat  in  the  U.S.S.R.,  the 
construction  of  a  number  of  other  small  peat-burning  electric 
generating  plants  was  started  (in  addition  to  the  three  above- 
mentioned  stations)  of  110,000  to  136,000  kW.  each.  These  new 
plants  were  erected  at  Lyapino,  Sverdlovsk,  Smolensk,  Pskov,  etc. 
Also,  a  number  of  factories  and  works  in  the  process  of  increasing 
and  improving  their  power  plant  efficiency  have  installed  hopper- 
feed,  chain  grate  stokers,  so  that  now  more  than  a  hundred  boilers 
have  been  equipped  with  this  type  of  stoker,  the  average  heating 
surface  of  the  boilers  being  600  sq.  m. 

Prof.  Makarieff' s  stokers  have  also  been  installed  under  a  Hanno- 
mag-Steinröhrkessel  500  sq.  m.  boiler  at  the  Vismoor  electric  power 
generating  plant  in  Germany.  This  boiler  was  given  a  test  run  in 
August  1926,  and  in  spite  of  a  very  low  draught  (1  to  3  mm.)  in 
the  stoker,  an  evaporation  rate  of  48  to  50  Kg.  per  sq.m.  was  main- 
tained instead  of  the  1 6  Kg.  which  had  been  previously  obtained 
with  the  stationary,  step-shaped  grate.     Also,  a  new  peat-burning 
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electric  station  of  the  Heseper  Torfwerk  Co.  has  been  erected  near 
Meppen,  Germany,  which  is  likewise  equipped  with  Prof.  Makarieff' s 
hopper-feed  chain  grate  stoker.  It  was  found  that  the  remodelling 
of  plants  with  these  stokers  effected  a  saving  in  fuel  of  25  per  cent, 
to  30  per  cent.,  and  almost  doubled  the  power  of  the  boiler  rooms. 

Calculations  of  costs  show  that  the  capital  investment  in  the 
equipment  of  a  boiler  room,  and  the  cost  of  the  building,  is  cut  at 
least  in  half  when  the  hopper-feed  chain  grate  type  of  stoker  is 
used,  which  permits  an  evaporation  rate  of  40  to  50  Kg.  per  sq.  m. 

The  employment  of  hot  air,  as  we  have  seen,  plays  a  very  import- 
ant part  in  the  combustion  of  peat,  especially  when  moist.  There- 
fore, i  is  advisable  that  every  peat-burning  boiler  room  should  be 
fitted  with  an  air  pre-heater.  But  it  often  happens,  especially  in 
old  boiler  rooms,  that  this  cannot  be  conveniently  arranged,  and, 
in  such  cases,  a  certain  palliative  method  of  pre-heating  the  air 
may  be  adopted,  which  gives  very  good  results,  namely,  in  order 
to  pre-heat  the  air,  the  latter  is  mixed  with  hot  gases  at  a  tempera- 
ture of  800  to  900'^C.  Before  admission  to  the  fan,  the  amount  of  both 
the  cold  air  and  the  hot  gases  is  so  controlled  as  to  obtain  a  mixture 
of  a  requisite  temperature,  at  which  the  mixture  is  passed  through 
the  fan  and  is  admitted  under  the  grate.  Tests  made  with  this 
arrangement  show  that  the  use  of  such  a  mixture  having  a  tem- 
perature of  120°C.  to  150°C.  considerably  increases  the  rate  of 
combustion.     To  illustrate  this,  the  following  example  is  given. 

At  the  Kalinin  Sugar  Refinery,  the  boilers  were  modernised  by  the 
installation  of  hopper-feed,  chain  grates  calculated  for  the  evapora- 
tion rate  of  35  Kg.  per  sq.m.  when  burning  peat  having  a  moisture 
of  30  per  cent.  In  1925,  a  large  percentage  of  the  peat  fuel  supplied 
proved  underdried;  the  moisture  content  sometimes  exceeded  50  per 
cent., with  an  ash  content  of  13-45  per  cent.,  and  such  peat  dropped 
the  evaporation  rate  down  to  16  Kg.  per  sq.m.  To  remedy  this 
condition  of  affairs  it  was  decided  to  use  hot  air  blast;  and,  as  there 
was  no  air  pre-heater  in  the  power  plant,  resort  was  made  to  the 
method  of  heating  the  air  by  hot  combustion  chamber  gases.  Part 
of  the  gases,  before  reaching  the  boiler,  were  sucked  in  by  the  fan 
from  each  combustion  chamber  through  pipes  into  the  general 
chamber,  into  which  the  cold  air  was  also  fed.  The  hot  mixture 
was  passed  through  the  fan  and  was  driven  by  the  latter  under 
the  grate  and  into  the  front  box. 

In  tests  made  at  the  Kalinin  Sugar  Refinery,  the  proximate 
analysis  of  the  combustible  contents  of  peat  was  as  follows: — 

C=23-5  per  cent.;  H=2-78  per  cent.;  0+N=15-5  per  cent  • 
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Water+ Ash  =58-22  per  cent.;  Water=51-72  per  cent.;  calorific 
value  =  1,930  cal.  per  Kg. 

At  times  during  the  tests  the  moisture  of  the  peat  rose  to  57  per 
cent.  The  amount  of  hot  gas  sucked  in  was  1 1  -4  per  cent,  of  the 
total  amount  of  furnace  gases.  The  temperature  of  the  mixture 
entering  the  stoker  went  as  high  as  150°C.  The  use  of  such  hot- 
air  blast  ran  the  evaporation  rate  up  to  42-3  Kg.  per  sq.  m.  and  the 
ratio  of  combustion  area  to  heating  surface  was  1/50. 

These  tests  showed  that  such  a  method  of  heating  the  air  blast 
gave  as  favourable  results  as  did  the  use  of  pure  hot  air  at  the  Tram- 
way Electric  Station  in  Leningrad.  An  important  fact,  too,  was 
that  the  temperature  of  the  flue  gases  was  only  increased  by  25°C. 
to  30'C.,  although  the  corresponding  rate  of  evaporation  was 
increased  from  16  Kg.  up  to  38-8  Kg.,  on  passing  to  high-load 
work. 

From  all  the  foregoing  briefly  stated  data,  it  is  evident  that  the 
problem  of  economically  burning  peat  in  the  U.S.S.R.  has  been 
satisfactorily  solved,  since  peat  (low-grade  fuel  as  it  is)  has  been 
burned  with  as  high  a  calorific  efficiency  as  the  highest  grade  fuel. 

As  seen  from  the  foregoing,  the  new  power  stations  in  Russia  are 
being  equipped  with  economisers  as  well  as  with  air  pre-heaters. 
But  the  question  naturally  arises  as  to  whether  economisers 
are  necessary  in  up-to-date  steam  power  plants.  Now,  from  a 
purely  theoretical  standpoint,  it  must  be  stated  that  in  some  cases 
the  water  economisers  are  far  from  useful.  Any  power  plant 
operated  without  the  utilisation  of  steam  should  not  only  heat  the 
feed  water  regeneratively,  but  in  addition  all  the  heat  of  the  flue 
gases  should  be  used  to  heat  the  air  up  to  such  limits  as  would 
render  the  chimney  temperature  as  low  as  practicable.  The 
heat  balance  of  such  an  installation  would  be  6  per  cent, 
to  7  per  cent,  higher  than  in  an  ordinary  power  plant  using 
an  économiser  to  pre-heat  the  feed  water.  Also,  dispensing  with 
the  économiser  would  eliminate  a  very  costly  piece  of  equip- 
ment which  causes  considerable  nuisance  in  operation,  especially 
when  using  high-pressure  steam.  As  seen  above,  when  an 
evaporation  rate  of  50  Kg.  to  55  Kg.  is  being  obtained,  the  tem- 
perature of  the  flue  gases  is  about  400°C.  Now  the  temperature 
of  these  gases  when  leaving  the  boiler  room  should  not  be  higher 
than  130°C.,  150°C.  being  the  figure  usually  adopted.  So  the  range 
of  temperatures  which  should  be  utilised  to  pre-heat  the  air  is  250°C. 
to  270°C.,  which  corresponds  to  temperatures  of  pre-heated  air 
300°C.  to  340°C.     Thus,  in  order  to   secure  a  most  inexpensive, 
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simple  and  economical  steam  power  plant,  the  means  of  using  air 
heated  up  to  310°C.  to  340°C.  are  necessary  in  peat  combustion. 
Modem  chain  grates,  however,  offer  obstruction  to  the  application 
of  such  an  air  temperature,  200°C.  being  the  upper  limit  of  air 
temperature  which  has  hitherto  been  attained  in  the  case  of  chain 
grates,  even  when  employing  very  high  grate  speeds.  Lower  speeds 
or  any  higher  air  temperatures  cause  the  links  of  the  chain  grate  to 
incandesce  and  warp.  Therefore,  the  problem  arose  to  secure  such 
a  mechanical  grate  as  would  be  cheap  and  simple,  and  at  the  same 
time  capable  of  enduring  the  temperature  of  pre-heated  air  within 
the  Hmits  of  300°C.  to  350°C. 
To  solve  this  dilemma,  Prof.  Makarieff  designed  quite  a  novel 
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Fig.  6.     Cross  section  of  Prof.  Makarieff's  disc  grate. 

type  of  a  grate  which  would  answer  these  requirements.  The 
operating  principle  of  this  grate  is  as  follows. 
Arranged  transversely  in  the  combustion  chamber  are  a  series  of 
horizontal  pipe  shafts  D,  which  are  suitably  joumalled  at  their 
ends  at  B-B.  On  each  pipe  shaft  is  placed  a  longitudinal  key. 
Each  pipe  shaft  is  provided  with  round  grate  bars  with  a  corre- 
sponding ke3rway.  These  bars  duly  form  gaps  by  means  of  special 
hubs  so  as  to  permit  the  passage  of  air;  the  projection  of  the  hubs 
being  such  as  to  provide  the  proper  aperture  area  per  unit  of  grate 
area.  One  pipe-shaft  with  its  round  grate  bars  represents  a  so- 
called  grate  element. 
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The  grate  elements  are  spaced  so  as  to  leave  certain  gaps  between 
them.  One  end  of  each  pipe-shaft  extends  beyond  the  boiler  wall 
and  is  provided  with  a  worm  wheel  D  meshing  with  a  worm 
mounted  on  a  common  shaft,  which  causes  all  the  grate 
elements  to  rotate  in  the  same  direction,  so  that  the  whole 
system  of  elements  operates  as  a  conveyor,  carrying  the  fuel  in  the 
direction  in  which  the  bars  rotate.  A  peat  lump  when  examined 
in  a  gap  between  two  elements  may  be  said  to  have  been  pushed 
therein  by  the  bars  of  the  preceding  element,  while  those  of  the 
next  element  wül  drive  the  lump  out.  As  all  grate  bars  move  at 
the  same  rotatory  speed,  there  is  no  jammingof  the  peat  in  the  hollows 
between  the  elements.  This  has  been  verified  by  test  with  cold  grate 
bars  as  well  as  in  the  process  of  combustion. 

The  principal  doubt  about  such  a  system  is  as  to  the  movement 
of  the  peat  on  such  a  grate.  A  careful  study  of  the  question 
has  shown  that  the  movement  of  the  fuel  is  very  satisfactory  whether 
the  lumps  be  large  or  small,  and  that  the  actual  longitudinal  move- 
ment of  the  fuel  only  differs  from  the  peripheral  speed  of  the  grate 
bars  by  15  per  cent,  to  20  per  cent.  With  a  very  high  intensity  of 
combustion  and  a  certain  relationship  between  the  grate  area  and 
the  thickness  of  fuel  bed,  the  maximum  speed  of  peat  on  hopper- 
feed  chain  grates  is  10  m.  to  12  m.  per  hour;  to  obtain  such  move- 
ment of  the  fuel  requires  0-5  r.p.m.  of  the  elements.  Such  a 
speed  manifestly  causes  no  rapid  wear  and  tear  of  the  moving 
parts  if  the  design  be  adequate.  The  stated  speed  of  peat  motion 
relates  to  altogether  smooth  grate  bars.  An  observation  of  a 
stoker  in  operation  has  shown  that  the  progress  of  peat  moving  on 
a  disc  grate  is  so  intense  that  even  if  two  elements  (each  having 
a  diameter  of  140  mm.)  should  stop,  the  fuel  moves  on  over  these 
elements. 

Into  each  pipe-shaft.  A,  water  is  introduced  through  a  concentric 
pipe;  after  cooling  the  shaft  the  water  returns  and  leaves  the  shaft 
on  the  same  side.  Therefore,  the  grate  bars  are  always  in  contact 
with  the  cooled  surface  of  the  pipe  (see  Fig.  7).  The  whole  cooling 
system  is  altogether  sealed  both  on  the  side  of  water  inlet  and  of 
outlet,  which  makes  it  possible  to  use  the  water  from  the  turbine 
without  permitting  air  to  be  absorbed  therein,  but  at  the  same  time 
raising  the  temperature  of  this  water  by  some  degrees.  Thus,  the 
heat  liberated  through  the  cooling  of  the  grate  becomes  utihsed, 
and  this  has  already  been  done  at  the  Leningrad  Tramway  Electric 
Station.  Owing  to  cooling,  this  grate  easily  withstands  the  hot  blast. 
Furthermore,  the  fact  is  well  known  in  stoker  practice  that  grate 
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bars  located  on  the  cooling  surface  tend  to  facilitate  the  separation 
of  clinker  from  the  grate  bar  surface. 

One  of  the  principal  advantages  of  the  disc  grate  over  the  chain 
grate  is  the  shaking  of  fuel  during  its  onward  motion,  which  process 
is  analogous  to  a  slight  poking.  On  a  chain  grate,  on  the  other 
hand,  the  fuel  is  stationary  with  respect  to  the  grate  upon  which 
it  is  lying  throughout  its  progress  through  the  grate,  which  results 
in  the  coating  of  the  fuel  with  a  layer  of  ash,  thus  preventing  the 
air  from  reaching  the  rest  of  the  combustible  contents  of  each  lump. 
On  a  disc  grate  it  is  quite  otherwise,  inasmuch  as  the  constant 
shaking  to  which  the  lumps  are  subjected  causes  the  outer  ash  and 
clinker  layer  to  be  thrown  off,  resulting  in  a  more  even  and  intense 
union  with  the  air  and,  consequently,  a  more  complete  combustion. 
This  effect  can  be  observed  visually  when  the  grate  is  in  operation. 
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Fig.  7. 

A  peculiarity  of  the  disc  grate  is  the  rôle  it  plays  during  the 
process  of  clinker  formation.  On  an  ordinary  chain  grate,  the 
clinker  has  an  opportunity  to  form  while  at  rest,  inasmuch  as  the 
fuel  is  stationary  with  respect  to  the  chain  grate  upon  which  it  is 
lying  throughout  the  time  it  is  in  the  stoker.  During  this  period, 
there  is  ample  time  for  clinker  to  block  the  grate.  The  breaking 
up  of  clinker  only  occurs  when  it  arrives  at  the  clinker  breakers. 
On  a  disc  grate,  clinker  undergoes  constant  motion,  both  when  just 
forming  and  afterwards.  The  surface  on  which  it  forms  is  con- 
tinuously changing  and  effecting  a  partial  breaking.  It  is  obvious 
that  such  a  disc  grate  is  especially  useful  in  the  burning  of  those 
fuels  which  have  a  tendency  to   clinker.     The    character   of   the 
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clinker  with  a  disc  grate  is  altogether  different  from  the  clinker 
on  a  chain  grate.  In  the  case  of  the  former  no  large  clinkers  are 
observed. 

Mechanical  stokers  with  air  blast  zones  are  most  important  for 
the  regular  process  of  combustion,  since  the  air  supplied  to 
different  sections  of  the  grate  may  be  properly  controlled.  The 
ordinary  chain  grates,  destitute  of  zone  blast,  have,  as  is  well  known, 
the  drawback  of  allowing  much  air  to  pass  at  the  end  of  the  grate. 
The  arrangement  of  zone  blast  on  chain  grates  involves  serious 
trouble,  since  it  necessitates  the  installation  of  blast  chambers 
between  the  two  runs  of  the  grate  equipment  with  a  device  for  the 
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Fig.  8.     Hopper-feed,  disc  grate  stoker  at  the  Gluhovo  Cotton  Mill. 


removal  of  clinker  from  the  chambers,  and  lastly  placing  cast-iron 
boxes  along  the  grate  for  air  distribution  between  the  chambers. 

The  mechanical  disc  grate  has  but  one  grate  run,  and  the  zone  blast 
may  be  arranged  easily  (see  Fig.  8),  merely  requiring  a  number  of 
divisions  made  in  the  ashpit,  thus  forming  a  series  of  chambers 
wherein  air  is  introduced  through  an  aperture  in  the  wall. 

For  proper  combustion,  the  aperture  area  per  sq.  m.  of  mechanical 
grate  area  should  be  different  at  different  zones  of  combustion. 
For  instance,  in  a  hopper-feed,  chain-grate,  peat-consuming  stoker, 
the  part  of  the  grate  under  the  hopper  should  have  a  comparatively 
small  aperture  area,  while  behind  the  separating  arch  where  the 
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combustion  is  most  intense,  the  aperture  area  should  be  the  greatest. 
Further  towards  the  rear,  the  aperture  area  should  gradually 
decrease  and  become  negligible  at  the  tail  end  of  the  mechanical 
grate.  A  chain  grate  permits  no  such  arrangement,  as  its  aperture 
area  is,  and  cannot  help  being,  uniform  longitudinally  throughout 
the  grate  area.  But  a  disc  grate  may  have  any  desired  aperture 
area  both  longitudinally  and  transversely.  This  result  is  obtained 
by  merely  suitably  spacing  the  grate  discs  on  the  different  pipe- 
shafts,  this  effect  being  obtained  by  using  discs  having  hubs  of  vary- 
ing length  and  by  varying  the  distance  between  the  pipe-shafts. 

In  a  chain  grate  of  any  design,  the  links  of  the  bars  must  necessarily 
open  up  as  they  pass  around  the  tail  shaft;  in  order  to  prevent 
clinker  from  falling  through  these  spaces,  it  is  necessary''  to 
employ  a  clinker  remover,  which,  if  it  is  to  be  effective  in  its  opera- 
tion, is  an  expensive  device. 

No  such  remover  is  required  at  all  with  a  mechanical  disc  grate, 
as  the  rearmost  part  of  the  grate  is  terminated  by  a  small  cast-iron, 
water-cooled  shaft,  over  the  periphery  of  which  clinker  falls  into  a 
closed  ash  bunker. 

Proper  combustion  requires  that  the  passage  of  air  through  the 
grate  shall  be  constantly  clear.  In  a  chain  grate  the  aperture  area  in 
the  grate  becomes  more  or  less  plugged  up,  especially  when  using 
clinkering  grades  of  fuel.  This  does  not  occur  in  a  disc  grate.  In 
the  first  place,  clinker  cannot  stick  to  the  grate  bars  for  reasons 
already  given,  and  if  it  should,  it  would  be  removed  owing  to  the 
narrowness  of  the  gaps  between  the  discs.  Besides,  as  the  grate 
bars  perform  a  complete  revolution  every  two  to  three  minutes,  the 
clinker  particles  which  are  particularly  persistent  in  sticking  are 
forced  to  drop  into  the  ashpit. 

One  of  the  disadvantages  of  the  chain  grate  is  its  relatively  high 
cost,  especially  under  small  boilers.  When  comparing  both  types 
of  grates  it  is  seen  that  the  disc  grate  weighs  61  pood  per  sq.  m.  useful 
area,  whereas  the  chain  grate  weighs  133-5  pood.  Thus,  the  weight 
of  a  chain  grate  is  2-19  times  the  weight  of  a  disc  grate;  and  if  we 
compare  the  weight  of  a  disc  grate  with  that  of  a  chain  grate  using 
air  blast,  we  find  the  latter  to  be  three  times  the  weight  of  the 
disc  grate. 

The  actual  cost  is  not  determinable  on  a  weight  basis  alone,  but 
depends  also  on  the  design  of  the  grate.  The  design  of  the  disc 
grate  is  much  more  simple  and  the  cost  of  such  a  grate  per  unit 
weight  is  lower.  Even  if  we  assume  that  the  cost  per  unit  weight 
is  the  same  for  both  grates,  we  are  nevertheless  safe  in  saying  that 
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under  similar  conditions  (zone  blast)  a  disc  grate  costs  one-third 
that  of  a  chain  grate. 

In  these  calculations  we  have  not  considered  the  question  of  the 
rate  of  combustion.  However,  it  has  been  previously  shown  that 
the  rate  of  combustion  on  a  disc  grate  is  considerably  higher  than 
on  a  chain  grate;  therefore,  the  relative  area  of  the  disc  grate  must 
be  considered  less,  which  still  more  increases  the  ratio  of  difference 
in  cost  of  the  two  types. 

As  to  power  consumption,  a  disc  grate  1,735  mm.  wide  and  4,500 
mm.  long  requires  about  0-2  kW.  on  the  average,  which  is  less  than 
the  power  required  by  an  ordinary  chain  grate.  This  low  power 
consumption  of  the  disc  grate  also  proves  that  no  wedging  of  peat 
between  the  grate  elements  occurs. 

A  lengthy  operation  of  such  a  grate  has  corroborated  all  the  above 
advantages  with  regard  to  the  proper  movement  of  the  fuel,  the 
system  of  cooHng,  characteristics  of  combustion,  formation  and 
removal  of  clinker,  weight,  cost,  power  consumption,  etc. 

One  of  the  chief  doubts  with  regard  to  the  grate  was  the  question  of 
sifting  through  the  grate  bars.  This  question  was  investigated 
at  considerable  length,  simultaneously  on  a  boiler  with  a  disc 
grate  and  on  another  provided  with  a  chain  grate.  Two  weeks' 
observation  proved  that  the  average  ash  and  clinker  content  for 
the  boiler  of  the  former  was  5-15  per  cent,  and  of  the  latter  5-06 
per  cent.,  the  peat  used  in  both  cases  being  uniform.  Within  the 
limits  of  experimental  accuracy  these  figures  may  be  regarded  as 
equivalent.  As  to  clogging  of  the  grate  bars  in  the  disc  grate,  the 
bars  were  found  to  be  absolutely  clean  during  the  whole  test. 
Furthermore,  it  was  ascertained  that  under  similar  conditions  and 
with  a  similar  location  of  separating  arches,  the  incompleteness 
of  combustion  was  less  on  the  disc  grate. 

For  several  days  observations  of  the  evaporation  rate  of  both 
boilers  were  carried  out  in  parallel,  their  operation  being  conducted 
under  entirely  similar  conditions.  The  observations  were  made 
in  terms  of  gross  boiler  performance.  Ultimately,  it  was  proved 
that  the  difference  of  evaporation  rate  was  at  all  times  10  to  15  per 
cent,  in  favour  of  the  disc  grate  boiler. 

To  obtain  accurate  data  as  to  hot  blast  and  to  obtain  more 
working  experience,  two  disc  grates,  2,400  mm.  wide,  in  two  hopper- 
feed  stokers  were  installed  under  a  750  sq.  m.  Garbe  boiler  at  the 
Shatura  Electric  Power  Generating  Plant.  The  air  pre-heater 
already  installed  could  only  heat  the  air  up  to  180°C.  even  with 
the   économiser  cut  off  completely.      By  means  of  some  artificial 
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contrivances,  an  ashpit  temperature  of  220^C.  was  attained,  which 
temperature  did  not  affect  the  regular  performance  of  the  grate, 
nor  did  it  seem  Ukely  that  it  would  have  done  so  if  there  had  been  a 
further  rise  of  temperature.  Thus,  as  submitted  to  test  under 
conditions  of  ordinary  lengthy  operation,  the  disc  grate  did  not 
fail  to  justify  the  above  statement  of  its  advantages. 

Because  of  the  successful  operation  of  these  disc  grates  at  the 
Tramway  Electric  Station  at  Leningrad  and  at  the  Shatura  Electric 
Power  Generating  Plant,  two  boilers  at  the  "Red  October"  Electric 
Plant  are  being  equipped  with  disc  grates,  as  well  as  three  boilers 
at  the  Gluhovo  Cotton  Mills  near  Moscow,  and  two  boilers  at  the 
"Mossukno"  factory  (see  Fig.  8). 

In  the  disc  grates  at  present  in  operation,  the  diameter  of  the  discs 
is  small  (140  mm.),  so  that  a  large  grate  requires  twenty-eight  to 
thirty  grate  elements  with  the  same  number  of  cooling  shafts. 
Besides,  the  small  discs  are  disadvantageous  in  that  the  pipe  shafts 
are  located  too  close  to  the  combustion  zone.  Therefore,  further 
endeavours  towards  improving  the  disc  grate  were  directed  towards 
the  extension  of  disc  diameter  and  consequent  reduction  of  number 
of  elements;  simplifying  the  design,  etc.  Tests  were  made  with 
discs  284  mm.,  that  is  doubled  in  diameter,  with  large  and  small 
pieces  of  cold  peat  fuel;  the  result  was  that  both  large  and  small 
lumps  were  moved  satisfactorily.  A  disc  grate  stoker  with  still 
larger  discs  was  installed  at  the  same  tramway  electric  station, 
and  demonstrated  the  superiority  of  the  larger  discs.  The  amount 
of  water  required  for  cooling  was  reduced  approximately  by  half, 
and  the  shaking  of  the  fuel  on  the  grate  considerably  increased, 
which  raised  the  rate  of  combustion  still  more. 

According  to  stated  data,  it  seems  that  even  larger  discs  are  prac- 
ticable and  that  disc  grates  for  large  boilers  could  be  constructed 
of  only  ten  to  twelve  grate  elements,  which  would  very  considerably 
simplify  the  stoker  design.  Besides  the  experimental  work  at  these 
electric  stations,  similar  tests  on  peat  combustion  are  carried  out 
at  a  special  experimental  station  adjacent  to  a  peat  bog  at  Redkina 
(near  Moscow)  by  the  Government  Central  Peat  Research  Institute. 
At  this  experimental  station  are  to  be  elucidated  various  important 
questions  on  the  operation  of  disc  grate  stokers,  viz.,  the  limit  of 
temperature  of  air  pre-heating  ;  the  correct  diameter  of  discs 
both  from  the  technical  and  economic  standpoints,  the  substitution 
of  air  for  water  cooling  of  the  grate  elements,  etc.  This  question 
of  air  cooHng  is  important  in  regard  to  shielding  the  whole  boiler 
room  system.     The  point  is,  that  in  order  to  avoid  the  dew  point  in 
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the  air  pre-heater  {i.e.,  the  sweating  of  the  latter  in  case  of  moist 
peat),  it  is  imperative  to  warm  air  up  to  say  40°C.  to  60°C.  previous 
to  its  admission  into  the  pre-heater.  This,  according  to  Prof. 
Makarieff's  suggestion,  should  be  accomphshed  by  the  pipe  shafts 
of  the  disc  grates. 

In  view  of  the  foregoing  considerations  it  would  seem  that  after 
these  experiments  are  finished  we  shall  succeed  in  reaching 
our  goal^a  boiler  room  of  maximum  efficiency  with  an  air  pre- 
heater,  but  without  a  water  économiser,  the  feed  water  being 
heated  by  regeneration  only. 


Fig.  9. 


In  the  U.S.S.R.  at  the  present  time  large  scale  experiments  are 
being  conducted  to  investigate  the  production  of  peat  in  the  form 
of  slack.  We  have  already  proved  that  such  peat  may  be  produced 
much  more  cheaply  than  it  has  been  done  heretofore.  Its  moisture 
content  runs  from  40  to  50  per  cent.  Experiments  are 
made  on  the  combustion  of  this  peat  in  two  ways — in  the  natural 
shape,  on  hopper-feed  disc  grates,  and,  secondly,  in  the  form  of 
powdered  peat.  For  the  first  method  of  combustion,  a  special  type 
in  disc  grate  is  being  erected  at  the  Gluhovo  Cotton  MiU,  near  Moscow, 
in  which  provision  has  been  made  for  preventing  the  fuel  dust  from 
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falling  through  the  grate.  This  is  to  be  accomplished  by  arranging 
most  of  the  disc  elements  on  a  slope,  with  only  the  rearmost  four 
elements  disposed  in  a  horizontal  plane,  as  the  fuel  mainly  in  the 
rear  portion  will  have  been  largely  converted  into  clinker  (Fig.  9) . 

ZUSAMMENFASSUNG 

Das  Bestreben  der  russischen  Wärmetechniker  ist  seit  langer  Zeit  auf  die 
Lösung  des  Problems  einer  rationellen  Torfverbrennung  gerichtet,  aber  erst 
nachdem  der  russische  Professor  T.  F.  Makarjefi  im  Jahre  1920  seine  Schacht- 
kettenfeuerung erfunden  hatte,  gelang  es,  die  Aufgabe  der  zweckmässigen 
Torfverbrennung  praktisch  zu  lösen.  Diese  Feuerungen,  welche  ein  Ver- 
brennen von  Torf  mit  einem  Wassergehalt  bis  zu  45%  in  grossen  Anlagen 
ermöglichen  und  eine  Dampferzeugung  bis  50  kg/m%  gewährleisten,  mechani- 
sieren die  Torfverbrennung  unter  grösseren  Kesseln  fast  gänzlich,  erlauben, 
die  Belastung  der  Kesselaggregate  ohne  Schwierigkeiten  zu  verändern,  und 
sind  hinsichtlich  des  Brennstoffverbrauchs  sehr  wirtschaftlich.  Alle  diese 
Fortschritte  ermöglichen  eine  beträchtliche  Herabsetzung  der  Gestehungs- 
kosten pro  Tonne  Dampf. 

Die  oberwähnten  Feuerungen,  sowie  die  Fortschritte  der  Torftechnik 
in  der  U.S.S.R.,  gaben  zu  einer  weiteren  Entwicklung  im  Bau  grosser  Kraft- 
werke, die  mit  Torf  arbeiten,  Anlass  und  haben  nicht  nur  in  der  U.S.S.R. 
sondern  auch  in  Deutschland  Verbreitung  gefunden. 

Die  weitere  Vervollkommnung  der  Makarjeff-Feuerung  führte  zur  Einfüh- 
rung einer  neuen  Art  von  Schachtfeuerung  mit  mechanischem  Scheiben- 
rost, welcher  das  Einblasen  von  bis  auf  300 — 350°C  vorgewärmter  Luft 
ermöglicht  und  zwar  unter  Ausnutzung  des  Temperaturabfalles  der  Abgase. 
Diese  Scheibenroste  ermöglichen  leicht  abschnittweises  Einblasen,  indem 
sie  in  einzelnen  Brennzonen  auf  verschiedene  Querschnitte  eingestellt  werden 
können  und  die  Schlackenentferner  entbehrlich  machen,  die  die  Brennzonen 
sauber  hielten. 

Um  das  Problem  der  Verbrennung  des  Torfmulls,  der  bei  Anwendung  des 
neuen  Verfahrens  des  Torfschichtfräsens  entsteht,  zu  lösen,  werden  hier 
Versuche  mit  Torf  ver  brennung  in  Schachtscheibenfeuerungen,  wie  auch  in 
Feuerungen,  die  speziell  für  Torfstaubverbrennung  gebaut  sind,  angestellt. 
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EXPERIMENTAL  WORK  ON  THE  ARTIFICIAL 
DEHYDRATION  OF  PEAT  AND   ITS   CONVER- 
SION INTO  POWDER  AND  BRIQUETTES 

SCIENTIFIC  EXPERIMENTAL  INSTITUTE  OF  PEAT 

Paper  No.  R7 

CONTENTS 

DESCRIPTION    OF   A    FIVE-STAGE    PROCESS    OF    DRYING    PEAT  :  — 

HYDRO-PEAT COAGULATION VACUUM   FILTERS MIXING   WITH 

DRY    MATERIAL — STEAM    DRIERS 

THE   CRUSHING   OF   PEAT — THE   BRIQUETTING    OF   PEAT — 

BIBLIOGRAPHY — ZUSAMMENFASSUNG 

The  principal  difficulty  in  the  production  of  peat  fuel  is  the  high 
moisture  content  of  raw  peat.  At  the  present  time,  the  most 
common  method  of  reducing  this  moisture  is  by  drying  the  peat 
in  the  open  air;  but  this  method  of  drying  requires  the  clearing  of 
very  large  drying  areas,  and  necessarily  involves  an  inconvenient 
transport  equipment  coupled  with  high  labour  and  capital  expen- 
diture, and  is,  in  addition,  completely  dependent  upon  weather 
conditions. 

A  complete  mechanisation  of  all  peat  producing  processes  can  be 
successfully  carried  through  only  provided  natural  peat  drying  is 
replaced  by  some  other  method  of  artificial  dehydration,  which 
can  be  entirel}-  independent  of  season  or  weather.  A  very 
considerable  amount  of  effort  has  been  expended,  both  in  Russia 
and  abroad,  with  the  aim  of  accomplishing  this  end,  but  none  of 
the  methods  tried  have  as  yet  reached  the  commercial  stage.  Most 
of  these  methods  have  been  abandoned  because  of  the  excessive 
cost  of  the  final  fuel  product,  resulting  from  the  fact  that  peat  is  a 
very  low  grade  fuel  and  does  not  warrant  any  very  extensive 
manipulation  or  complicated  transportation.  It  would  seem  that 
the  right  and  efficient  scheme  should  take  into  account  the  factors 
helping  dehydration  from  the  very  outset,  viz.,  from  the  initial 
stages  of  excavation  and  transportation. 
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Such  a  process  has  now  been  perfected.  It  is  based  on  the 
"hydro-peat"  method  of  peat  excavation,  which  mainly  consists  in 
putting  peat  in  such  a  physical  state  as  to  be  readily  transported 
and  otherwise  mechanically  manipulated,  and  also  easily  and 
quickly  treated  by  chemical  reagents.  This  perfected  method 
of  artificially  dehydrating  raw  peat  is  the  result  of  the  work  of  a 
group  of  Russian  inventors  and  engineers  : — R.  E.  Classon, 
V.  D.  Kirpichnikofif,  Prof.  G.  L.  Stadnikoff  and  others.  This 
process  is  carried  out  in  five  distinct  operations. 

First  operation.  The  excavation  of  raw  peat  from  the  bog  is 
effected  hydraulically  (by  large  water  nozzles  mounted  on  movable 
platforms  and  supplied  with  centrifugal  pumps),  thereby  converting 
the  raw  peat  into  a  fluid  or  "hydro"  peat,  which  is  then  pumped 
up  into  a  pipe  line,  which  conveys  it  to  the  peat  plant.  Such  a 
process  can  be  carried  on  at  a  bog  which  contains  a  very  high 
percentage  of  trees  and  roots,  and  this  is  a  very  important  feature, 
inasmuch  as  the  majority  of  Russian  bogs  are  of  such  a  nature. 

Such  a  means  of  excavating  and  transporting  peat  in  the  liquid 
state  can  easily  be  completely  mechanised.  A  further  advantage 
of  this  system  lies  in  the  fact  that  such  an  operation  can  be 
carried  on  uninterruptedly  during  seven  to  eight  months  in  the  year 
in  Russia.  This  hydro-peat,  which  is  now^  a  thoroughly  homogenous 
mixture,  can  be  easily  subjected  to  the  action  of  chemical  reagents. 

Second  operation.  For  the  purpose  of  breaking  down  the  strong 
chemical  affinity  which  normally  exists  between  the  peat  substance 
and  the  water  with  which  it  is  intimately  associated,  this  hydro- 
peat  is  then  coagulated  by  an  active  colloidal  solution  of  ferric 
hydrate,  which  may  be  prepared  by  subjecting  iron  shavings  to  the 
chemical  action  of  either  muriatic  acid  or  waste  flue  gases  from  a 
power  plant. 

Third  operation.  The  hydraulic  method  of  excavation,  wàth 
subsequent  coagulation,  involves  a  considerable  increase  of  the 
moisture  content  of  the  hydro-peat  mass,  but  this  excess  water  is 
easily  removed  by  simple  filters  (screened  elevators  or  rotary 
screened  drums),  without  calling  for  any  elaborate  equipment  and 
without  any  considerable  consumption  of  energy.  The  subsequent 
stage  of  dehydration  does,  however,  require  somewhat  complicated 
vacuum  filters,  but  their  operation  does  not  put  an  excessive  burden 
on  the  total  cost  of  the  plant  as  a  whole. 
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Fourth  operation.  This  next  stage  of  dehydration  is  carried  out  in 
high-power  presses  with  the  admixture  of  about  10  per  cent,  of 
dry  powdered  peat,  as  in  the  Madruck  process. 

The  above  presses  work  at  a  pressure  of  30  to  50  atm.,  and  they 
effect  a  reduction  in  the  moisture  content  of  the  peat  down  to 
60-63  per  cent.,  not  counting  the  dry,  powdered  peat. 

Fifth  operation.  A  further  dehydration,  from  this  60-63  per  cent, 
moisture  content  down  to  15-18  per  cent.,  is  obtained  by  passing  the 
peat  through  rotary  driers,  which  are  heated  by  exhaust  steam  at 
a  pressure  of  3  atm.  passed  from  steam  turbines.  Air  which  is 
forced  through  the  drier  is  thence  conveyed  to  mills,  where  it  picks 
up  the  required  load  of  powdered  peat  and  carries  it  to  the  boiler 
furnace. 

The  electrical  energy  obtained  here  as  a  by-product  is  utilised  in 
the  peat  dehydrating  plant  itself,  and  effects  a  corresponding 
saving  in  cost. 

A  dehydrating  plant,  designed  to  carry  out  such  a  process  on  an 
industrial  scale,  is  arranged  as  follows  : — 

The  liquid  peat  hydraulically  obtained,  with  an  average  moisture 
content  of  95  per  cent.,  is  pumped  into  large  reservoirs  with  earth 
embankments  and  having  sufficient  capacity  to  keep  the  peat  plant 
supplied  throughout  the  winter  months.  From  these  reservoirs  the 
liquid  peat  is  then,  by  means  of  elevators,  lifted  to  the  coagulating 
room,  where  the  coagulant  is  added.  In  this  operation,  one  part  of 
the  coagulating  solution  is  added  to  three  parts  of  hydro-peat 
sludge,  a  special  trough  and  mechanical  mixers  being  used  for  the 
purpose.  A  ferric  hydrate  solution  of  the  strength  of  0.03  per  cent. 
is  prepared  on  the  spot  in  special  reinforced  concrete  tanks.  After 
this  treatment,  the  coagulated  hydro-peat,  now  containing  96.5 
per  cent,  of  moisture,  is  dehydrated  to  about  95.5  per  cent,  in 
rotating  screened  drums,  which  easily  remove  the  bulk  of  the 
water  which  was  previously  added  as  a  component  part  of  the 
coagulating  solution.  The  still  fluid  hydro-peat  is  then  pumped  to 
vacuum  filters,  where  the  moisture  is  further  reduced  to  about 
85.5  per  cent.,  thereby  being  physically  changed  from  a  fluid  into 
a  thick,  felt-like  mat,  which  is  next  longitudinally  cut  into  ribbons 
of  equal  width,  as  it  is  scraped  oft'  the  filter  drum.  These  ribbons 
are  then  broken  into  little  pieces,  carried  away  by  a  belt  conveyor 
and  dropped  into  a  rotary  drum,  where  they  are  thoroughly  mixed 
with  10  per  cent,  of  dry,  powdered  peat  of  a  certain  degree  of 
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fineness  and  having  a  moisture  content  of  about  18  per  cent,  and 
fed  from  a  bin  located  just  above  the  drum.  The  peat  mass, 
covered  with  powder,  is  now  passed  on  to  another  belt  conveyor, 
which  carries  it  to  a  distributing  chamber,  from  which  it  is  fed  to 
high-power  hydraulic  presses.  These  presses,  under  a  pressure  of 
50  atm.,  reduce  the  moisture  content  to  54  per  cent,  gross  (63  per 
cent,  net,  i.e.,  when  subtracting  the  dry,  powdered  peat  content). 
They  operate  on  the  two-stage  principle,  i.e.,  the  mixture  is  first 
delivered  to  the  first-stage  presses  and  is  thereafter  crushed  and 
passed  to  the  second-stage  presses,  whose  number  is  one-half  of 
the  number  of  the  first-stage  presses.  From  the  second-stage 
presses,  the  peat  emerges  in  the  shape  of  bricks,  which  are  dropped 
on  to  a  belt  conveyor  and  again  delivered  to  a  crusher,  which 
reduces  these  bricks  to  the  size  of  a  walnut.  The  further  de- 
hydration from  a  moisture  content  of  54  per  cent,  gross  down  to 
18  per  cent,  is  accomplished  in  rotary,  tubular  driers,  in  which  the 
peat  is  heated  both  by  steam  pipes  carrying  a  pressure  of  three 
atmospheres,  and  by  a  hot  mixture  of  air  and  flue  gases. 

Both  the  steam  required  for  drying  and  the  electric  energy 
needed  to  operate  the  whole  peat  plant  (including  the  equipment  on 
the  bog)  are  produced  in  the  power  station  of  the  plant.  Steam  is 
supplied  to  the  turbo-generators  at  a  pressure  of  30  atm.  and  is 
exhausted  therefrom,  against  a  back  pressure  of  3  atm.,  passing 
thence  to  the  driers,  the  condensed  steam  being  returned  to  the 
boiler  feed  pumps. 

A  certain  portion  of  the  18  per  cent,  dry  peat  emerging  from  the 
drying  kiln  is  passed  to  a  special  grinding  mill,  where  it  is  ground 
to  a  fine  powder.  A  portion  of  this  latter  is  then  pneumatically 
conveyed  to  the  previously  mentioned  bin  at  the  mixing  drum,  and 
another  part  of  the  powder  goes  directly  into  the  hoppers  of  the 
boilers. 

The  remaining  portion  of  the  peat  emerging  from  the  driers, 
depending  on  the  particular  lay-out  of  the  factory,  is  either  passed 
to  screw  conveyors,  which  carry  it  to  briquetting  presses,  or  else, 
if  the  peat  is  meant  for  power  production,  it  is  conveyed  to  pul- 
verisers which  convert  it  into  fine  powder,  of  the  requisite  fineness 
of  grinding. 

The  arrangement  of  the  dehydrating  apparatus,  as  described 
above,  has  been  used  by  the  Government  Scientific  Experimental 
Institute  of  Peat,  as  a  basis  for  both  the  calculation  of  costs  and  the 
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designing  of  a  peat  plant.  The  following  results  were  obtained 
from  continuous  experiments  with  individual  machines,  and  with 
the  process  as  a  whole,  during  the  years  1923  to  1926. 

Results  of  Experiments  on  Artificial  Dehydration 

Hydro-peat  may  be  defined  as  a  negatively  charged  colloidal 
solution  of  well  decomposed  vegetable  matter,  mixed  with  un- 
decomposed  particles  of  the  latter.  To  coagulate  this  negatively 
charged  colloidal  hydrosol  requires  the  addition  of  a  metallic  salt 
solution,  or  a  positively  charged  collodial  solution. 

The  law  of  coagulation  by  metallic  salts  of  the  first,  second  and 
third  groups  of  Mendeleelï's  system  is  that  for  the  coagulation  of 
all  colloidal  hydrosols,  such  as  peat.  The  most  active  coagulants 
are  the  metallic  salts  of  the  third  group,  especially  the  iron  salts  in 
this  group,  such  as  ferric  chloride,  and  also  colloidal  solutions  of 
ferric  hydrate  [Fe(OH)3]. 

To  prepare  such  a  coagulant,  cheap  raw  materials  had  to  be 
found.  This  question  has  been  solved  as  follows.  Iron  shavings 
are  used  as  the  raw  material.  They  are  immersed  in  water,  and 
subjected  to  the  action  of  flue  gases  which  normally  contain  about 
14  per  cent,  of  carbonic  acid.  Through  the  action  of  these  gases 
a  small  percentage  of  oxygen  is  passed  into  the  solution,  thereby 
resulting  in  the  formation  of  ferrous  bicarbonate.  The  latter  is 
then  periodically  drained  from  the  shavings  and  oxidised  with 
hypochloric  acid  or  with  chlorine,  which  at  once  forms  the  solution 
desired.  This  method  has,  as  yet,  only  been  worked  out  in  the 
laboratory. 

The  coagulation  process  itself  is  very  easily  effected,  merely 
requiring  the  mixing  of  the  coagulating  solution  with  the  hydro- 
peat.  The  usual  quantity  of  coagulant  employed  is  one-half  to 
one-third  the  volume  of  the  hydro-peat  sludge.  The  concentration 
of  iron  in  the  coagulant  has  to  be  about  0.04  gm.  per  100  c.c.  of 
coagulating  solution,  and  such  a  concentration  causes  an  immediate 
coagulation. 

The  latter  greatly  reduces  the  total  time  required  for  the  de- 
hydration, its  effect  being  particularly  noticeable  in  the  first  stage 
of  dehydration,  namely,  filtration.  Also  it  materially  alters  the 
degree  to  which  the  peat  can  be  artificially  dehydrated.  If  the 
hydro-peat  is  insufficiently  coagulated,  the  result  is  that  the  holes 

1215 


PEAT 


^13 


THE"    CONTENT    OF    Pf?Y 

Substance  in  th£    "£Pst' 

f^RSS  (v\/HtCH    WAS     DRfMNED    ON 
fl    FILTER    SIEVE    /ÎNP    THEN     PASSED 
TO   press)   was     13.35  yo. 
THE   PRESSURE    vV/î5     6    /?TM05PWEfföl 
/JNP    THE    UNIT    LORD     \50     6M5.. 

ONE  Pftl^T   OF  THE    COfl€üL»'T\Ne      SOL. 
\NRS    >qPPEP    TO    ONE   PART    OF    Hi  PRO-  PEAT 
THE    i^MOUNT   OF    PRY     SUBSTANCE     IN 
THE    HiPRO-PEAT  (PR)OR    TO    COAGULATION) 
W/}3     5.3-4  ^. 


Ol  £34-56 

COAGULANT     IN    ÖRflr^O-  MOLECULES      PER      L/TER 

Fig.   1. 


1216 


RUSSIA:   DEHYDRATION   OF   PEAT 

m  the  filter  become  quickly  clogged  up,  thereby  preventing  any 
further  extrusion  of  water,  whereas  when  properly-coagulated  peat 
is  filtered,  the  holes  in  the  filter  are  not  clogged,  and  the  operation 
of  extruding  the  water  can  be  carried  on  continuously  and  easily. 
Coagulation  also  increases  the  speed  of  the  dehydration  in  the 
high-power  presses  and  raises  the  percentage  of  dry  substance  in 
their  product.  Also  less  peat  substance  is  carried  away  in  the 
extruded  water. 

Fig.  1  illustrates  graphically  the  influence  of  coagulation,  and 
clearly  indicates  that  no  duration  of  pressing  can  squeeze  out  as 
much  water  from  non-coagulated  peat  as  can  be  squeezed  out  in 
only  a  short  time  by  the  pressing  of  coagulated  peat.  The  tests 
were  carried  out  in  a  hydraulic  oil  press. 

Both  technical  and  economic  considerations  call  for  a  division  of 
the  dehydration  process  into  a  number  of  separate  stages,  which 
are  defined  by  the  reduction  of  moisture-content  of  peat  in  each 
stage.  The  limits  of  moisture-content  are  wholly  determined  by 
the  laws  of  filtration  and  pressure  of  coagulated  peat. 

The  first  stage  of  dehydration  is  the  extraction  of  water  by  natural 
gravity  filtration.  To  accomplish  this  filtration,  the  State  Peat 
Research  Institute  makes  use  of  two  different  operating  systems. 
One  system  comprises  an  elevator  provided  with  perforated 
buckets,  which  enables  the  coagulated  mass  to  be  drained  while 
being  elevated,  thereby  reducing  the  moisture  to  95.8-96.2  per 
cent,  (depending  on  the  properties  of  the  peat  employed).  The 
initial  dehydration  may,  alternatively,  be  carried  out  by  means  of 
a  rotary  perforated  drum,  into  which  the  hydro-peat  is  fed  by  an 
elevator.  The  maximum  amount  of  dehydration  which  should  be 
performed  in  this  first  stage,  depends  upon  the  degree  of  fluidity 
required  for  the  subsequent  filtration  of  the  hydro-peat  in  the 
vacuum  filters  of  the  next  stage. 

The  best  results  in  this  first  stage  are  usually  obtained  by  using 
either  a  series  of  short,  successive  elevators  or  relatively  high- 
speed rotary  drums  (4  to  6  r.p.m.).  In  certain  installations  it  may 
be  desirable  to  use  a  special  combination  of  both  together. 

Second  stage  of  dehydration.  This  stage  of  dehydration  is  per- 
formed by  vacuum  drum  filters,  which,  on  the  average,  reduce  the 
moisture  content  from  94-95  per  cent,  down  to  84-86  per  cent. 
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The  factors  which  influence  the  productivity  of  these  vacuum 
filters  are  : — 

1.  The  botanical  composition  and  degree  of  decomposition  of  the 
peat.  2.  Initial  coagulation  of  the  hydro-peat.  3.  Initial  moisture 
of  the  peat  on  entering  the  filter.  4.  Degree  to  which  the  peat 
has  been  macerated.  5.  Degree  of  working  vacuum.  6.  Rotary 
speed  of  the  vacuum  filter.  7.  Depth  to  which  the  drum  is  sub- 
merged in  the  fluid  slime. 

The  original  character  of  the  raw  peat  exercises  a  very  great 
influence  on  the  operation  of  these  vacuum  filters.  All  experi- 
ments, so  far  made,  have  shown  that  the  best  results  of  filtration 
are  obtained  from  such  peat  as  is  excavated  from  low  bogs.  As 
regards  the  degree  of  decomposition  of  the  peat,  it  has  been  found 
that  the  greater  the  decomposition,  the  less  is  the  filter  output 
obtained  and  the  greater  the  loss  of  peat  substance  carried  away 
by  the  water. 
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Fig.    2. 

Furthermore,    if    the    peat    be    first    coagulated    before    being 
dehydrated  by  these  vacuum  filters,  the  production  per  filter  will  be 
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more  than  doubled,  and  the  moisture  of  the  product  will  be 
considerably  lowered. 

For  practical  purposes  it  has  been  found  quite  sufifiicient  to  use  a 
coagulant  with  a  concentration  of  0.2  gm.  of  iron  per  100  c.c.  of 
absolutely  dry  peat.  But  if  the  peat  to  be  dehydrated  consists  of 
very  decomposed  sphagnum  moss,  the  concentration  must  be 
increased  two  or  three  times.  The  influence  of  the  initial  moisture 
of  peat  on  the  operation  of  the  filters  is  shown  in  Fig.  2. 

This  diagram  shows  that  the  output  of  the  filter  increases  with  the 
amount  of  dry  peat  entering  the  filter.  Should,  however,  an  exces- 
sively high  concentration  (6-7  per  cent.)  be  obtained,  the  hydro- 
peat  loses  its  fluidity,  becomes  too  thick  to  be  properly  handled  and 
is  no  longer  sucked  to  the  filter  drum,  so  that  the  productivity, 
having  attained  a  certain  maximum  figure,  suddenly  falls  ofif  and 
ultimately  dwindles  to  zero.  As  regards  the  degree  of  dryness  of 
the  product,  the  diagram  shows  that  the  maximum  content  of  dry 
matter  coming  ofï  from  the  filter  (16  per  cent.)  occurs  at  the  initial 
concentration  of  3  per  cent. 

Inasmuch  as  the  productivity  of  the  machinery^  for  effecting  the 
third  stage  of  dehydration  (high  pressure  presses)  to  a  great 
extent  depends  on  sufficient  dryness  of  the  peat  emerging  from  the 
filter,  the  optimum  concentration  of  peat  entering  the  vacuum 
filters  must  be  looked  at  from  the  point  of  view  of  the  dehydration 
process  as  a  whole. 

It  has  been  found  that  the  maceration  of  peat  has  a  detrimental 
influence  upon  the  operation  of  the  vacuum  filters. 

It  has  also  been  found  that  the  employment  of  a  very  high 
vacuum  for  the  dehydration  of  hydro-peat  is  not  usually 
economical. 

The  power  consumed  by  the  vacuum  filter  per  unit  of  output 
fluctuates  considerably,  depending  upon  operating  conditions.  For 
a  filter  with  an  18  sq.  m.  surface,  the  energy  consumption  was 
found  to  be  within  the  range  of  from  28  kW.  to  38  kW.  per  hour, 
which  is  equivalent  to  1.5  kW.  to  2.1  kW.  per  sq.  m.  of  filtering 
surface. 

The  following  table  gives  the  values  of  the  different  production 
factors  which  govern  the  dehydrating  of  not  excessivel}'  decom- 
posed peat  : — 
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The  Addition  of  Dœ^y  Powdered  Peat  to  the  Filtered  Mass 

Before  proceeding  to  the  third  stage  of  dehydration  (compressing 
the  peat  in  high  power  presses)  we  must  first  study  the  aspects  of 
an  intermediate,  special  operation  consisting  of  the  addition  (as  in 
the  Madruck  process)  of  dry,  powdered  peat  to  the  peat  ribbon 
fragments  obtained  from  the  rotary  vacuum  filters.  The  rate  of  the 
dehydration  of  coagulated  peat  in  a  high-pressure  press  many  times 
exceeds  the  rate  of  the  dehydration  of  non-coagulated  (raw)  peat. 
However,  from  the  standpoint  of  commercial  efficiency,  if  the 
press  is  given  a  high  specific  load,  the  squeezing  process  does  not 
proceed  rapidly  enough,  even  after  coagulation.  A  further  con- 
siderable reduction  of  the  period  of  pressing  may  be  attained  by 
adding  a  certain  quantity  of  peat  powder  to  the  peat  undergoing 
dehydration.  The  fundamentals  of  the  method  consist  in  the 
establishment  of  a  network  of  draining  channels  within  the 
material,  which  greatly  facilitates  the  removal  of  water  being 
pressed  off.  The  amount  of  benefit  derived  by  this  pre-addition  of 
dry,  powdered  peat  is  shown  in  Fig.  3. 
In  this  case,  the  pressing  was  performed  under  a  pressure  of 
50  atm.,  the  specific  load  being  7  gm.  of  peat  per  sq.  cm.  Peat 
powder  passing  through  a  screen  with  1,900  holes  per  sq.  cm.  and 
not  passing  through  a  screen  with  2,500  holes  per  sq.  cm.  was  used 
for  the  purpose. 

The  effects  obtained  by  such  an  addition  of  powdered  peat  depend 
upon  a  number  of  different  factors,  viz.,  the  method  of  powderising 
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used,  the  quantity  of  powder  added,  and  finally,  its  degree  of 
fineness. 

Third  stage  of  dehydration  (compressing  water  out  of  the  peat 
under  high  pressure).    The  chief  rôle  of  the  dehydration  process 
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Fig.  3. 

is  played  by  this  operation,  because,  when  the  peat  has  arri-ved  at 
this  stage,  its  moisture  content  is  relatively  so  low  that  further 
dehydration  is  beset  with  serious  difficulties.  To  accomplish  this, 
therefore,  is  both  difficult  and  important.  The  table  below  shows 
that  with  the  increase  of  moisture  of  the  peat  fed  into  the  dryer 
the  amount  of  fuel  required  for  the  drying  process  augments  at  a 
very  high  rate. 
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PEAT 
AMOUNT  OF  PEAT   FUEL  REQUIRED  FOR  THERMAL  DRYING 

Initial    moisture    per    cent. 

peat  entering  the  driers        ...      80  75  70  60  50  40 

Fuel  consumption  per  cent 
of  peat  dried  down  to  1 8  per 
cent,  moisture 

The  above  figures  show  that  the  mechanical  dehydration  of  peat 
down  to  only  75  per  cent,  moisture  does  not  afford  a  rational 
solution  of  the  dehydration  problem,  since  the  further  drying  will 
require  half  the  amount  of  fuel  obtained.  The  50  per  cent, 
remainder  is  insufficient  to  make  up  for  both  machinery  and 
working  expenditure.  A  more  detailed,  economical  estimate  makes 
it  clear  that  for  the  purpose  of  attaining  sufficient  economy  of  the 
process,  a  mechanical  dehydration  down  to  less  than  65  per  cent, 
moisture  is  required. 

According  to  numerous  experiments,  the  mechanical  dehydration 
demands  that  much  attention  be  paid  to  the  design  of  the  presses 
used.  The  possibility  of  applying  any  particular  method  of  pressing 
depends  upon  the  following  items: — cost  of  the  press;  average 
output  ;  efficiency  ;  degree  of  mechanisation  of  different  operations 
connected  with  loading  and  unloading  of  the  peat;  degree  of 
dehydration. 

The  "Hydro-peat"  hydraulic  press  is  characterised  by  the  follow- 
ing optimum  operating  conditions  : — 

1.  A  percentage  of  dry  substance  in  the  initial,  unpulverised 
peat  of  14.3  to  14.5  per  cent. 

2.  The  dry,  powdered  peat,  having  a  moisture  of  18  per  cent., 
which  is  added  to  the  mass,  should  have  a  fineness  enabling 
it  to  pass  a  sieve  with  600  holes  per  sq.  cm.  and  not  to  pass  a  sieve 
with  3,000  holes  per  sq.  cm.  The  powder  should  be  added  in  the 
proportion  of  10  per  cent,  of  the  weight  of  the  peat  mass. 

3.  The  pressing  should  be  performed  in  a  chamber  having  smooth 
cylindrical  walls,  and  the  water  should  be  removed  through  the 
perforated  ends  of  the  piston. 

4.  Double  squeezing  should  be  adopted. 

5.  The  unit  loading  of  the  first-stage  presses  should  be  7  grm. 
of  unpressed  peat  per  sq.  cm.  of  filter  surface. 

6.  The  final  pressure  exerted  on  peat  should  be  no  less  than 
50  atm. 
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7.  The  length  of  time  for  each  press  cycle  should  be  1.75  minutes, 
including  0.5  minutes  for  the  loading  and  unloading  operations. 
The  full  length  of  time  of  actual  dehydration  in  double  pressing 
should  be  1.25  +  1.25  =  2.5  minutes. 

If  all  the  above  conditions  are  fulfilled,  the  product  will  have  a 
percentage  of  absolutely  dry  peat  substance  of  36-40  per  cent,  net, 
depending  upon  the  character  of  the  peat  used. 

The  Government  Scientific  Experimental  Institute  of  Peat  found 
that  all  of  the  existing  mechanical  presses  were  more  or  less 
inadequate,  which  caused  the  Institute  to  abandon  them  in  favour 
of  the  hydraulic  principle.  A  hydraulic  press  of  the  "Hydro-peat" 
system,  model  No.  2,  is  represented  in  Fig.  4. 


Fig.  4.  Vertical,  longitudinal  section  of  "Hydro-peat"  press  No.  2. 


For  100  such  presses  with  a  total  output  of  14.5  tons  net  of 
absolutely  dry  peat  per  hour,  78  cu.  m.  of  water  at  low  pressure 
(10  atm.),  and  19  cu.  m.  of  water  at  high  pressure  (150  atm.)  are 
required  per  hour.  These  water  requirements  consume  37  kW. 
for  the  low-pressure  water  and  136  kW.  for  the  high-pressure 
water  per  hour.  The  electric  power  consumption  per  ton  of  net, 
absolutely  dry  peat,  is  12  kWh. 

When  double-stage  pressing  is  employed,  the  output  of  these 
100  presses  is  increased  to  16.6  tons  of  absolutely  dry  substance 
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per  hour,  but  the  power  consumption  is  also  somewhat  increased, 
requiring  62  kW.  for  the  low-pressure  pump  and  156  kW.  for  the 
high-pressure  pump  per  hour.  The  energy  consumption  is  13-17 
kWh.  per  ton  of  absolutely  dry  peat. 

The  efficiency  of  the  plant  is  25  per  cent.,  each  press  weighing 
5,500  Kgs.  If,  then,  we  add  the  weight  of  the  accumulators,  pumps, 
controls,  etc..  the  total  weight  of  the  unit  becomes  7,000  Kgs. 

Thermal  Drying  of   Peat;  Preparation  and  Combustion  of 
Powdered  Peat  ;  Briquetting  of  Peat 

The  process  of  artificial  thermal  drying  of  peat  requires  the 
previous  solution  of  the  two  following  problems  : — {a)  The 
maximum  reduction  of  the  moisture  in  the  peat,  before  it  is  sent 
into  the  driers,  by  means  which  require  no  consumption  of  fuel  and 
{h)  the  crushing  of  the  peat  required  to  accelerate  the  drying 
process. 

The  first  problem  can  be  solved  in  two  ways  :  (a)  By  the  cus- 
tomary natural  drying  of  peat  on  the  field.  The  minimum  moisture, 
to  which,  in  actual  practice,  we  succeed  in  drying  peat  by  this 
method  is,  on  the  average,  30-35  per  cent.,  with  a  variation  of 
10  per  cent,  for  occasional  individual  bulks,  (è)  By  artificial  de- 
hydration ;  it  is  along  this  line  of  investigation  that  many  technical 
experiments  have  been  made.  The  lowest  moisture  content  of  bricks 
attained  by  this  method  is  about  60  per  cent. 

The  second  problem  has  also  been  technically  solved  by  (a)  the 
employment  of  the  hammer-mill  crusher  for  crushing  the  bricks  of 
air-dried  peat.  The  degree  of  crushing  and  the  power  consumption 
of  this  hammer-mill  crusher,  as  determined  by  tests  of  Peat 
Research  Institute,  are  given  in  Fig.  5. 

These  crushers  work  very  satisfactorily  in  crushing  large  pieces  of 
peat,  when  the  moisture  content  is  under  45  per  cent.  If,  however, 
the  moisture  content  is  greater  than  this,  the  lower  grids  become 
clogged  up  with  damp  peat. 

(è)  As  to  the  grinding  of  the  peat  bricks  produced  by  the  high- 
power  presses,  the  very  simplest  form  of  hammer-mill  crusher  has 
been  found  very  satisfactory.  Such  pressed  bricks  are  very  easily 
reduced  to  the  required  size  by  slight  strokes,  and  the  process  of 
crushing  in  this  case  presents  no  difficulties. 

In  cases  of  successful  production  of  peat  by  the  method  of 
"milling  off"  peat,  the  actual  process  of  peat  grinding  may  be 
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disposed  of.  When  previously  ground  and  subsequently  re-dried 
in  driers,  peat  contains  a  considerable  amount  of  powdered  and 
slack  substance,  and  is,  therefore,  inconvenient  in  industry  or  for 
the  household. 

The  ultimate  degree  of  thermal  drying  of  peat  depends  upon  the 
conditions  of  grinding  and  briquetting. 
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For  pulverising  peat,  the  moisture  must  be  under  25  per  cent.  ;  it 
seems  advisable  to  adopt  the  policy  of  possible  reduction  of  mois- 
ture, because,  by  so  doing,  the  following  advantages  are  obtained  : 
(a)  The  energy  expended  on  the  grinding  of  the  peat  is  reduced. 
For'instance,  where  the  moisture  is  reduced  from  20  per  cent,  to 
zero  the  corresponding  power  consumption  is  reduced  almost  30 
per  cent,  (b)  The  conveyance  of  the  hot  peat  away  from  driers  is 
rendered  easier,  because  such  a  reduction  of  moisture  corres- 
pondingly reduces  the  quantity  of  water  vapour  condensing  in  the 
conveyor. 

The  usual  moisture  content  to  which  the  Government  Scientific 
Experimental  Institute  of  Peat  dries  the  peat  before  passing  it  to 
the  mills  is  15  per  cent. 
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For  peat  briquetting  the  most  satisfactory  moisture  content, 
according  to  the  tests  carried  out  by  the  Institute,  is  15  per  cent,  to 
18  per  cent.  Briquettes  made  from  peat  with  this  moisture 
content  are  free  from  cracks.  They  keep  well  in  the  open  air,  and 
do  not  expand  if  placed  in  water.  But  if  the  moisture  content, 
resulting  from  the  final  drying,  is  higher  than  the  amount  just 
mentioned,  then  the  briquettes  crack  as  they  leave  the  press,  and 
their  specific  gravity  is  much  lower^  because  of  their  having  become 
swollen  through  the  agency  of  enclosed  steam.  If  the  moisture 
content  of  the  final  briquettes  is  lower  than  12  per  cent,  they 
become  brittle. 

Laboratory  tests  at  the  Scientific  Experimental  Institute  of  Peat 
regarding  these  questions  showed  that,  when  peat  is  dried  at  high 
temperature  and  at  atmospheric  pressure,  the  result  is  an  increase 
in  oxidation  of  exuded  bituminous  matter,  and  also  a  decrease  in 
the  iodic  numbers  ;  whereas,  when  the  drying  takes  place  in  an 
atmosphere  of  carbon  dioxide  (CO2)  the  iodic  numbers  are 
higher.  Consequently,  it  is  desirable  to  dry  peat  in  an 
atmosphere  rich  in  COo,  so  as  to  avoid  the  loss  of  the 
bitumens.  In  cases  where  drying  is  effected  in  an  air  stream, 
the  latter  should  be  directed  into  the  furnace  together  with  the 
powder. 

The  drying  of  peat  in  steam  driers  has  been  found  to  be  an 
economical  method,  especially  if  the  operation  takes  place 
in  an  atmosphere  of  waste  flue  gases.  In  spite  of  inadequate 
facilities  for  proper  test  work,  the  Government  Institute  succeeded 
in  obtaining  very-  satisfactory  results  in  the  drying  of  peat  in 
steam-heated  rotary  driers  of  the  Schultze  type. 

(a)  Peat  of  55  per  cent,  to  60  per  cent,  moisture,  when  first 
dehydrated  by  being  passed  through  a  high-pressure  press,  was 
satisfactorily  dried,  as  was  also  25  per  cent,  to  40  per  cent, 
moisture,  air-dried  peat.  In  all  cases,  the  final  moisture  resulting 
from  the  driers  was  15  per  cent. 

(b)  The  amount  of  steam  necessary  for  the  evaporation  of  1  Kg. 
of  water  in  the  peat  was  1.4  to  1.5  Kgs.  (including  the  losses  in  the 
connecting  steam  pipes),  where  the  steam  pressure  was  3  atm. 
absolute. 

(c)  The  rate  of  water  evaporated  in  driers,  when  steam  alone  was 
used  for  heating,  reached  only  3  Kgs.  per  hr.  per  sq.  m.  of  heating 
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surface  of  the  kiln,  and  the  drying  could  have  been  increased 
considerably  beyond  this. 

(d)  The  power  required  for  both  the  rotating  of  the  rotary 
drying  kiln  and  for  the  elevator  was  approximately  7  kWh.  per 
ton  of  heat-dried  peat. 

Economy  in  the  use  of  steam  drying  kilns  requires  the  fulfilment 
of  the  following  chief  conditions  : — 

1. — A  rational  method  of  steam  and  electric  supply  to  the  plant. 
This  includes  the  use  of  high-pressure  superheated  steam  supplied 
to  non-condensing  turbines,  the  exhaust  steam  from  which  is  used 
to  heat  the  drying  kilns,  the  condensate  being  returned  to  the 
boiler  feed  pumps.  In  this  way,  cheap  electric  power  is  produced 
as  a  by-product  in  the  heat  drying  of  the  peat. 

2. — The  separation  of  the  fine  peat  dust  which  is  picked  up  by 
and  suspended  in  the  waste  flue  gases  passing  through  the  drying 
kiln.  The  filter  systems  usually  employed  for  removing  this  peat 
dust  have  not,  as  yet,  been  satisfactory,  because  (a)  dust  separa- 
tion traps  and  "cyclone"  collectors  cause  the  deposition,  for  the 
most  part,  of  only  the  larger  dust  particles.  Also  these  devices, 
owing  to  their  great  size,  are  particularly  dangerous  in  the  event  of 
a  dust  explosion;  {h)  cloth  dust  filters  are  inconvenient  in  actual 
operation,  and  also  cause  dangerous  fire  hazards;  (c)  centrifugal 
dust  removers  soon  become  filled  with  fine  "fibres,"  and,  thereafter, 
operate  very  ineffectively;  {d)  the  expensive  dust  precipitators, 
which  ionise  the  peat  dust,  are  also  apt  to  cause  dangerous 
explosions. 

A  thorough  experimental  investigation  of  new  filter  systems 
directed  to  mastering  the  separation  of  dust  from  the  flue  gases  is 
a  task  which  is  being  carried  out  by  the  Government  Scientific 
Experimental  Institute  of  Peat. 

3.  Maximum  possible  utilisation  of  heat  of  waste  flue  gases 
leaving  the  drying  kiln.  One  of  the  radical  measures  proposed 
by  the  Government  Institute  to  reduce  losses  with  flue  gases 
is  the  drying  accomplished  in  a  steam-heated  rotary  drying 
kiln  at  atmospheric  pressure.  The  air  from  the  drier,  to- 
gether with  the  entrained  dust,  is  piped  to  the  furnaces  of  the 
boilers  simultaneously  with  the  mill  dust.  The  lowering  of  the 
furnace  temperature,  due  to  the  necessity  of  superheating  the 
vapour    introduced    therein    up    to    the    chamber    temperature. 
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is  comparatively  inconsiderable.  Troubles  arising  therefrom  re- 
quire experimental  research  into  the  question. 

The  experiments  of  the  Government  Institute  showed  that  the 
troubles  in  the  grinding  of  peat  are  not  so  much  due  to  the 
physical  characteristics  of  the  peat  as  to  its  chemical  constitution, 
and  more  particularly  to  the  explosive  tendency  of  the  peat  powder 
when  mixed  intimately  with  air. 

The  high-speed  mills,  which  were  provided  with  grid  bars,  exhaust 
fans  and  cyclone  dust  separators,  were  found  to  be  quite  useless 
for  the  grinding  of  peat,  because  (a)  any  accidental  entrance 
into  these  mills  of  a  metallic  or  hard  object  would  be  almost  in- 
variably accompanied  by  an  explosion  in  the  cyclone.  In  some 
cases,  the  force  of  the  explosion  was  sufficiently  great  as  to  be 
destructive,  and  it  was  only  a  matter  of  good  fortune  that  there 
were  no  fatal  accidents. 

{b)  Where  no  exhaust  fans  were  used  in  conjunction  with  these 
mills,  the  energy  consumption  reached  an  excessively  high  figure, 
even  when  rather  coarse  dust  was  being  produced  by  the  mill. 
And  when  an  exhaust  fan  was  employed,  the  output  of  the  mills 
was  considerably  higher,  and  the  power  consumption  did  not  go 
above  20  kWh.  per  metric  ton  of  peat  powder,  (c)  It  should, 
however,  be  mentioned  here  that  the  wear  of  the  sieves  was  con- 
siderable, in  the  event  of  the  admission  into  the  mill  of  little  pieces 
of  wood,  etc. 

In  view  of  this  last  difficulty,  it  became  evident  that  any  process 
is  undesirable  which  requires  the  use  of  sieves  in  connection  with 
the  grinding  of  peat.  Furthermore,  the  danger  of  explosions  like- 
wise precludes  the  use  of  either  mills  with  cyclone  separators  or 
mills  with  large  separators.  At  the  same  time  the  idea  of  central- 
ised grinding  is  precluded.  So  the  method  of  grinding  peat 
recommended  was  that  of  individual  grinding,  with  the  separation 
of  the  powdered  peat  in  each  mill,  without  separately  located  large 
cyclones  and  with  short  air  ducts  between  mill  and  furnace. 

No  grinding  troubles  were  caused  by  fibres  in  the  peat,  but  little 
sticks  and  lumps  of  wood  from  the  stumps,  roots  and  branches  in 
the  bog  were  ground  with  some  difficulty.  It  is  quite  probable  that 
it  is  more  practical  to  grind  them  into  relatively  coarse  pieces, 
because,  in  the  form  of  large  pieces,  they  burn  in  the  furnace  very 
elficiently  and  with  complete  combustion.    The  use  of  individual 
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grinding  mills  with  gas  pre-drying  will  make  possible  a  new  system 
of  peat  treatment  wherein  the  grinding  of  peat  will,  perhaps,  be 
accomplished,  without  preliminary  drying  in  special  driersj  and  in 
this  event,  of  course,  the  cost  per  ton  of  the  powdered  peat  would 
be  materially  reduced. 

The  experiments  at  the  Scientific  Experimental  Institute  of  Peat 
deaUng  with  the  storage  of  powdered  peat  gave  the  following 
results  : — 

(a)  There  is  no  danger  attending  the  storage  of  powdered  peat 
in  bunkers,  if  proper  precautions  against  fire  hazards  are  taken. 

(b)  When  the  moisture  content  of  the  powder  is  over  25  per 
cent,  some  difficulty  is  experienced  in  emptying  the  bunker,  due 
to  the  sticking  of  the  powder  to  the  walls  of  the  bins. 

(c)  No  signs  of  increased  moisture  content  appeared  when  the 
powder  was  stored  under  a  roof  (but  without  side  walls),  except 
only  the  outermost  layer  (about  1  cm.  thick). 

(d)  When  the  moisture  content  of  the  powder  is  15  per  cent.,  no 
matting  of  the  powder  occurs  during  the  first  four  to  five  days 
immediately  subsequent  to  the  filling  of  the  bunker.  Later,  how- 
ever, the  lower  part  of  the  pile  begins  to  settle,  but  this  raises 
no  difiiculties  in  the  feed.  Thus,  the  only  trouble  experienced  in 
handling  powdered  peat  is  when  first  starting  to  empty  the  bunker. 

As  to  the  matter  of  transport  of  pulverised  peat,  the  Government 
Institute  chose  the  Kinyon  pump  system.  The  experiments  with 
this  system  disclosed  the  following:  — 

(a)  It  is  entirely  feasible  to  convey  powdered  peat  having  any 
moisture  content  below  20  per  cent,  (b)  The  limit  fineness  of  the 
powder  for  such  conveying  must  correspond  to  the  following 
degree  of  residuum  :  40  mesh/2,500,  and  20  mesh/900,  (c)  The 
energy  consumption  necessary  to  convey  6  tons  of  powder  per 
hour  a  distance  of  80  metres  gave  the  figure  of  3  kWh.  per  100 
ton  per  metre. 

Briquetting 

The  experimental  work  on  briquetting  had  as  its  object  the  con- 
version of  peat  into  a  solid,  compact  fuel,  which  would  be  both 
convenient  for  certain  kinds  of  combustion  and  also  convenient 
for  transportation  with  existing  railway  rolling  stock.  A  further 
object  of  the  investigation  was  the  question  of  artificial  dehydra- 
tion and  the  study  of  briquetting,  as  applied  to  the  smaller-sized 
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pieces  of  air-dried  peat  bricks,  which,  having  been  heretofore 
regarded  useless  as  fuel,  have  been  growing  into  immense  slack 
heaps  at  all  the  central  peat  electric  stations.  Briquetting  was 
carried  on  with  a  single-stamp  briquette  press  of  the  Magdeburg- 
Buckau  type,  which  developed  a  pressure  of  about  1,200  atm., 
and  was  actuated  by  an  electric  motor  of  100  h.p.  The  stamp  of 
this  press  makes  about  eighty  strokes  per  minute,  this  speed 
corresponding  to  a  production  of  3  tons  of  finished  briquettes  per 
hour.  The  average  size  of  a  briquette  was  5x6x  18  cm.,  and  its 
average  specific  gravity  was  1.27.     The  tests  showed  that  : — 

(1)  It  is  very  economical  and  easily  possible  to  transform  peat 
slack  (refuse)  as  well  as  artificially  dried  peat  into  briquettes  of 
good  quality.  (2)  To  briquette  peat  requires  a  moisture  content 
of  the  peat  material  being  briquetted  of  IS  per  cent,  to  18  per  cent. 
A  considerable  variation,  either  above  or  below  these  limits,  results 
in  the  production  of  very  inferior  briquettes.  (3)  The  binder 
necessary  to  bind  the  particles  of  the  briquette  together  is  to  be 
found  in  the  gummy  substance  contained  in  the  peat  itself,  and, 
consequently,  need  not  be  added  to  it.  (4)  The  nature  and  the 
amount  of  preliminary  drying  and  the  preliminary  working  of  the 
peat  very  materially  influence  the  hardness  of  the  peat  briquettes, 
irrespective  of  the  moisture  contents  in  the  final  briquettes  them- 
selves. It  was  also  found  that  in  the  peat  slack  heaps  the  outer- 
most layers  were  usually  somewhat  decomposed,  and  such  layers 
must  be  especially  and  carefully  worked  up,  as  otherwise 
briquettes  of  good  quality  cannot  be  produced.  Frozen  peat  was 
found  to  be  quite  useless  for  briquetting. 
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ZUSAMMENFASSUNG 

An  der  künstlichen  Entwässerung  des  Torfes  haben  die  Forscher  der  Sow- 
jetunion seit  1921  gearbeitet.  Diese  Arbeiten  wurden  teilweise  im  Fabrik- 
masstab  angestellt  und  haben  eine  Methode  ergeben,  die  sich  als  rentabel 
erwiesen  hat. 

Dieser  Methode  wurde  zu  Grunde  gelegt:  das  Befördern  der  flüssigen  Torf- 
masse durch  Rohrleitungen  zum  Werke,  die  Koagulation  mit  einer  wässerigen 
Lösung  von  Eisenhydroxyd  und  nachherige  Verminderung  des  Wassergehalts 
von  96,5%  auf  95,5%  durch  einfaches  Filtrieren,  weiterhin  auf  85,5%  durch 
Vakuumfilter,  auf  63%  (netto)  in  hydraulischen  Hochdruckpressen  und 
schliesslich  auf  18%  in  Dampf trocknungsanlagen. 
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as  anzuwendende    Koagulant    wird    durch    Auflösung    von    Eisen     mit 
Rauchgasen  oder  mit  Salzsäure  gewonnen. 

Die  Forscher  haben  alle  Stadien  der  Torfentwässerung  eingehend  studiert 
und  die  Grundsätze  derselben  wie  auch  die  Einwirkung  einer  Reihe  von 
Faktoren  auf  die  Arbeit  der  Mechanismen  auf  experimentellem  Wege  fest- 
gestellt. 

Die  wirtschaftlichen  Betriebsberechnungen  der  Arbeit  einer  Entwässerungs- 
anlage, die  bis  jetzt  noch  theoretischen  Charakter  haben,  bestätigen  deren  völlige 
Rentabilität  sowie  die  Möglichkeit,  unabhängig  von  Jahreszeit  und  klimati- 
schen Umständen  fortlaufend  Torfbriketts  und  Torfstaub  herzustellen,  die 
mit  anderen,  wärmetechnisch  gleichwertigen  Brennstoffen  mit  gutem  Erfolg 
wetteifern  können. 
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GENERAL  REPORT  ON    SECTION    R 

PEAT 

T.     CAMPBELL     FINLAYSON 

1  This  General  Report  covers  the  six  papers  comprising  Section  R, 
namely  :  — 

(a)  "Peat  Treatment"  (Germany),  by  Prof.  Gustav  Keppeler 

(R2). 

(b)  "The  Drying  of  Peat"  (Great  Britain),  by  N.  Testrup  and 
T.  Gram  (R3). 

(c)  "Peat  Fields  in  Latvia  and  the  Use  of  Peat  as  a  Fuel" 
(Latvia),  by  P.  Nomals  (R4). 

(d)  "Methods  Employed  in  the  U.S.S.R.  for  the  Production  of 
Peat"  (Russia),  by  the  Scientific  Experimental  Institute  of 
Peat  (R5). 

(e)  "Peat  Combustion  Practice  in  the  U.S.S.R."  (Russia),  by 
the  same  Institute  (R6). 

(/)  "Experimental  Work  on  the  Artificial  Dehydration  of 
Peat  and  its  Conversion  into  Powder  and  Briquettes,"  by 
the  same  Institute   (R7). 

2  These  papers  group  themselves  under  a  number  of  headings  :  — 
■  (a)   Peat  Resources. 

(b)  Peat  Drying;  which  may  be  further  sub-divided  into  (i) 
natural  and  (ii)  artificial  drying. 

(c)  Peat  Utilisation,  which  includes  Combustion  of  Peat, 
Briquetting  and  Power  Raising. 

PEAT      RESOURCES 

3  Reliable  information  on  the  extent  and  nature  of  fuel  reserves 
is  always  of  value,  and  it  is,  therefore,  of  interest  to  record  that 
data  has  been  supplied  relating  to  two  large  areas.  P.  Nomals,  in 
his  paper  on  the  "Peat  Fields  in  Latvia"  (R4),  gives  a  detailed 
account  of  the  areas,  depths  and  characteristics  of  the  fields  as 
the  result  of  investigations  during  the  past  ten  years.  In  the 
paper    from   the    Scientific    Experimental    Institute   of    Peat   on 
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"Methods  Employed  in  the  U.S.S.R.  for  the  Production  of  Peat" 
(R5),  an  account  is  given  of  the  Russian  peat  reserves. 

PEAT      DRYING 

4  The  fundamental  difficulty  in  the  use  of  peat  as  a  fuel  is  the  fact 
that  the  natural  peat  contains  about  nine  parts  of  water  to  one 
part  of  dry  substance.  As  found,  the  peat  has  a  negligible  fuel 
value.  The  peat  problem  is,  therefore,  mainly  a  drying  problem, 
and  it  is  to  be  expected  that  the  main  attention  of  a  group  of 
papers  on  peat  should  be  directed  towards  this  aspect.  In  the 
papers  under  discussion  there  are  presented  the  results  of  impor- 
tant experimental  work  on  both  the  natural  and  artificial  drying 
of  peat  in  various  parts  of  the  world. 

{i)  Natural  or  Air  Drying 

5  The  natural  or  air  drying  of  peat  has,  in  the  past,  been  the 
method  employed  for  obtaining  peat  fuel. 

6  This  method  is,  however,  open  to  distinct  limitations,  being  a 
seasonal  process  dependent  upon  atmospheric  conditions.  To 
obtain  a  satisfactory  output  of  air-dried  peat  attention  has  been 
directed  to  : — 

(a)  Methods  for  changing  peat  material  into  a  physical  form 
more  easily  dried. 

{h)  Methods  of  spreading  and  harvesting. 

y  The  subject  of  the  economic  production  of  air-dried  peat  has 
been  closely  studied  in  Russia  during  the  past  ten  years,  details  of 
which  are  given  in  the  paper  from  the  Scientific  Experimental 
Institute  of  Peat  (R5). 

g  The  most  widely  used  process  in  Russia  for  peat  drying  has  so 
far  been  as  follows  : — Peat  is  elevated  from  the  bog  by  means 
of  mechanical  elevators  which  can  be  moved  about.  From  the 
elevator  the  peat  passes  through  macerators  and  is  conveyed  in 
cars  to  drying  fields,  where  it  is  spread  thinly  and  air  dried. 

9  Since  the  formation  of  the  Scientific  Experimental  Institute  of 
Peat,  improvements  have  been  effected  both  as  regards  design  of 
elevator  and  macerator.  The  main  expense  of  this  process  is  the 
labour  cost,  one  expensive  item  being  the  removal  of  stumps  of 
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trees  in  the  bog.  The  scheme  as  developed  in  1927  would  comprise 
simple  elevator — stump  puller — -simple  macerator — rope  conveyor 
to  drying  fields.  Improvements  along  these  lines  have  brought  the 
output  up  from  78  to  160  tons  air-dried  peat  per  season  per  w^orker. 

10  For  those  bogs  which  are  free  from  tree  stumps  further  develop- 
ments have  been  made  in  the  mechanisation  of  peat  extraction  by 
the  development  of  new  types  of  bucket  elevators — Pankratofif 
and  Biryukofif — which  elevate  the  peat  from  the  bog,  pass  it 
through  a  macerator,  and  deliver  it  in  the  form  of  a  ribbon.  A 
German  excavator — a  modified  Wieland  machine — has  been  tested 
and  gave  a  possible  seasonal  output  per  worker  of  600  tons  air- 
dried  peat. 

11  The  mechanisation  of  peat  production  from  bogs  with  stumps 
has  been  accomplished  in  two  directions  :  — 

(1)  By  the  use  of  milling  machines. 

(2)  By  hydraulic  method — which  is  claimed  as  an  invention  of 
an  entirely  novel  form. 

12  (1)  The  milling  machines  are  of  two  types:  — 

(a)  Deep  milling  machines  which  cut  the  whole  depth  of  the 
bog,  such  as  the  Tipermass  machine  and 

(b)  Horizontal   layer  milling  machines,   in  which   peat  is   re- 
moved from  the  top  in  thin  layers  of  4  to  8  in. 

One  of  the  first  of  these  milling  machines  was  constructed  from 
the  designs  of  Rogoff  and  gave  an  output  of  450  cu.  m.  raw  peat 
per  hour  when  using  power  to  the  extent  of  100  kW.  Using  a 
Lantz  milling  machiné,  Korelin  in  1927  made  50  tons  per  hour 
air-dried  "peat  crumbs"  with  a  staff  of  two  men  on  the  machine. 

13  During  the  present  season  horizontal  milling  is  to  be  carried 
out  on  a  large  scale  under  industrial  conditions.  Calculations 
indicate  that  this  method  shows  less  than  half  the  present  cost 
according  to  Russian  conditions. 

14  (2)  The  hydraulic  method — stated  to  be  the  invention  of  Russian 
engineers,  Klasson  and  Kirpichnikoft' — is  the  widely  used  hydro- 
peat  process,  in  which  peat  is  reduced  to  a  homogeneous  mass  by 
means  of  powerful  jets  of  water,  conveyed  through  pipe  lines, 
and  spread  in  drying  fields.    In  30  to  40  days,  during  the  season, 
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the  drying  is  complete.  A  novel  automatic  cutter  has  been 
developed  in  Russia  for  forming  bricks  from  the  material  spread 
on  the  hydro-peat  fields.    (Paper  R5,  Figs.  6  and  7.) 

{ii)  Artificial  Drying 

15  The  artificial  drying  of  peat  has  for  many  years  attracted  the 
interest  of  innumerable  inventors,  and  a  number  of  attempted 
solutions  of  the  problem  have  been  brought  forw^ard.  The  factor 
of  critical  importance  is  the  overall  cost  at  which  dry  peat  can  be 
produced  by  the  process. 

16  Amongst  the  papers  under  discussion  will  be  found  two  con- 
tributions which  summarise  many  years'  work  by  two  different 
groups  of  investigators,  towards  the  elucidation  of  this  problem. 
N.  Testrup  and  T.  Gram  give  an  account  of  eighteen  years'  work 
on  the  drying  of  peat  carried  out  at  the  Techno-Chemical  Labora- 
tories. The  Scientific  Experimental  Institute  of  Peat  describe  the 
work  they  have  executed  on  the  same  subject  in  Russia. 

17  One  of  the  main  objects  of  the  artificial  drying  of  peat  is  to 
make  the  process  independent  of  weather  conditions.  The  Russian 
investigators  claim  to  have  perfected  a  five-stage  process  which 
may  be  briefly  summarised  as  follows  : — 

First  operation. — Excavation  by  hydro-peat  process. 

Second  operation. — Coagulation  by  means  of  colloidal  solution 
of  ferric  hydrate. 

Third  operation. — Removal  of  excess  water  by  simple  screening 
and  vacuum  filters. 

Fourth  operation. — Dehydration  in  high-power  presses  with 
about  10  per  cent,  dry  peat  admixed  as  in  Madruck 
(German)  process. 

Fifth  operation. — Drying  from  60  to  15  per  cent,  water  in  steam 
heaters  and  hot  air. 

18  No  plant  has  yet  been  erected  on  those  lines,  but,  remembering 
the  phrase  in  an  earlier  section  of  the  same  paper  that  "most  of 
these  (previous)  methods  have  been  abandoned  because  of  the 
excessive  cost  of  the  final  fuel  product,  resulting  from  the  fact 
that  peat  is  a  very  low-grade  fuel  and  does  not  warrant  any  very 
extensive  manipulation  or  complicated  transportation,"  it  would 
seem  that  the  process  errs  on  the  side  of  complication.     The 
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economic  value  of  this  process  can  only  be  ascertained  when  a 
full  scale  plant  is  in  operation. 

IÇ  N.  Testrup  and  T.  Gram,  in  their  paper  (R3),  describe  the 
development  of  their  work  to  the  present  day,  and  show  in 
contradistinction  to  the  Russian  investigators  how  they  have 
simplified  the  stages  in  the  process  to  a  two-operation  process. 
Without  discussing  in  detail  their  earlier  work,  their  present 
scheme  is  briefly  as  follows.  Raw  peat  on  the  bog  is  cut  in  thin 
layers  during  the  summer  months  and  harvested,  after  a  short 
period  of  air  drying,  to  a  dump  near  the  factory.  The  water 
content  of  the  peat  is  reduced  to  80  per  cent.  The  peat  con- 
taining 80  per  cent,  water  is  mixed  with  previously  dried  peat  and 
passed  through  a  Quadruple  Effect  Tubular  Drier  from  the  end 
of  which  it  issues  in  the  form  of  dry  peat  powder.  This  drier 
consists  of  vertical  tubes  surrounded  by  a  shell  filled  with  steam 
or  hot  water.  The  peat  suspended  in  air  is  blown  through  the 
tubes  and  is  conducted  to  a  cyclone  separator.  To  increase  heat 
economy  the  heat  contained  in  the  vapours  from  one  drying  opera- 
tion is  used  for  further  drying  at  a  lower  temperature.  Heat 
exchangers  are  provided,  in  which  the  vapours  from  one  set  of 
tubes  are  brought  into  direct  contact  with  water,  thus  giving  up 
their  heat  through  heating  the  water.  The  drier  has  four  effects, 
i.e.,  the  heat  is  utilised  four  times  at  successively  lower  tempera- 
tures. This  re-utilisation  of  the  heat  makes  it  possible  to  supply 
the  process  whilst  yet  attaining  a  satisfactory  thermal  efficiency. 
The  authors  state  that  a  demonstration  unit  has  been  erected  to 
dry  five  tons  of  peat  per  hour  from  80  per  cent,  water  content 
to  10  per  cent. 

POWER      FROM      PEAT 

20  N.  Testrup  and  T.  Gram  point  out  that  this  method  of  drying 
opens  out  a  possibility  in  connection  with  peat  of  a  distinctly 
novel  and  important  nature,  from  the  point  of  view  of  this 
Conference.  In  producing  electric  current  from  solid  fuel, 
approximately  60  per  cent,  of  the  calorific  value  of  the  fuel  is  con- 
tained in  steam  from  the  turbines,  which  must  be  removed  at  a  low 
temperature.  This  low  value  heat  can  be  used  economically  in  the 
new  drier  for  the  purpose  of  drying  peat.  If  the  steam  from  the 
turbines  be  taken  at  65°C.  the  heat  is  sufficient  to  de-water  all  the 
peat  required  as  fuel  from  80  per  cent,  to  10  per  cent,  water  content. 
The  drier  practically  takes  the  place  of  a  cooling  tower.    Through 
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this  arrangement  the  cost  of  fuel  for  power  is  equal  to  the  cost 
of  gathering  and  conveying  the  peat  plus  capital  charges  and 
labour  in  connection  with  drier.  The  authors  put  this  cost  ex- 
clusive of  royalties  at  2/6  to  3/-  per  ton.  They  include  calcula- 
tions for  the  erection  and  operation  cost  of  a  power  plant  of 
30,000  kW.  capacity. 

21  Dr.  G.  Keppeler,  in  his  paper  (R2),  states  that  the  most  success- 
ful process  for  the  artificial  drying  of  peat  in  Germany  is  the 
Madruck  process.  In  this^  the  raw  peat  is  macerated  and  mixed 
with  a  proportion  of  finely  divided  dry  peat,  after  which  the 
mixture  is  pressed  in  high-pressure  presses.  The  process  is  stated 
to  be  as  yet  not  in  its  final  stage  of  development.  Great  advances 
of  a  recent  date  are  claimed,  especially  in  connection  with  presses. 

PEAT      UTILISATION 

22  The  problems  connected  with  the  combustion  of  peat  have  been 
closely  investigated  by  the  Scientific  Experimental  Institute  of 
Peat  in  Russia,  and  details  of  their  work  are  given  in  one  of  the 
papers   (R6). 

23  A  number  of  grates  and  mechanical  stokers  have  been  examined 
and  developments  made.  Prof.  Makariefif  has  developed  a  peat- 
burning  hopper-feed  chain  grate,  giving  a  high  economy  of  fuel 
consumption,  which  has  formed  the  basis  of  design  for  a  number 
of  peat-consuming  central  electric  power  generating  plants. 

24  It  is  of  considerable  interest  to  note  the  number  of  Russian 
electricity  generating  stations  which  are  built  for  burning  air-dried 
peat.  Amongst  these  may  be  mentioned  Shatura  (48,000  kW.),  of 
which  details  and  diagrams  are  given,  Leningrad  (20,000  kW.), 
Nijny  Novgorod  (20,000  kW.),  Lyapino,  etc.  Careful  test  figures 
have  been  taken  on  the  Makariefï  stoker,  which  show  an  evapora- 
tion of  40  to  45  Kg.  per  sq.  m.  Details  of  the  tests  are  included 
in  the  Russian  paper  (R6). 

25  Prof.  Makariefï  emphasises  the  great  importance  of  high  tem- 
perature hot  blast  in  the  burning  of  peat,  particularly  when  wet. 
Where  this  cannot  be  conveniently  accomplished  by  an  air  pre- 
heater,  a  method  is  recommended  in  which  air  is  heated  by  the 
addition  thereto  of  hot  gases  from  the  combustion  chamber.  A 
marked  increase  in  the  rate  of  combustion  is  obtained  by  pre- 
heating the  air  up  to  120  to  150°C. 
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26  More  recent  developments  include  the  invention  by  Professor 
Makarieff  of  a  disc  grate,  capable  of  withstanding  a  temperature 
of  primary  air  up  to  350°C.,  which  is  described  in  the  paper  on 
"Peat  Combustion"  (R6).  A  number  of  grates  on  this  principle 
are  in  operation  in  Russia. 

27  At  the  present  time  it  is  stated  that  experiments  are  in  process 
for  burning  the  peat  "crumbs"  obtained  by  milling  (R5). 

28  To  sum  up  the  position  as  detailed  in  the  papers  presented  to  the 
Conference,  it  would  seem  that  in  all  three  branches — Peat  drying 
by  natural  means — Peat  drying  by  artificial  means,  and  Peat 
combustion  practice — important  work  has  been  carried  out  during 
the  past  few  years.  Moreover,  in  each  of  these  directions  there 
is  progress  to  record.  In  Russia,  electric  power  generation  from 
peat  fuel  is  an  established  process.  In  England,  the  possibilities, 
based  on  experimental  units  are  being  carefully  considered. 
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WEDNESDAY,  SEPTEMBER  26  (MORNING) 

Section  R 
PEAT 

Chairman — Dr.  C.  H.  Lander,  C.B.E. 

The  Chairman,  opening  the  proceedings,  said  he  did  not  lay  claim 
to  any  speciaUsed  knowledge  of  peat,  but  it  was  a  material  in  which 
he,  as  a  layman,  had  always  taken  an  interest.  It  was  a  particularly 
interesting  and  unique  form  of  fuel^if  it  could  be  called  a  fuel. 
There  were  large  deposits  of  it  in  various  parts  of  the  world,  and  it 
might  perhaps  be  described,  in  non-scientific  language,  as  a  fuel 
possessing  no  calorific  value,  so  that  before  we  could  do  anything 
with  it  we  had  to  impart  to  it  some  calorific  value  from  somewhere. 
Very  many  ways  of  doing  that  had  been  suggested,  but  it  was 
obvious  that  the  heat  imparted  to  the  peat  must  be  extraordinarily 
cheap.  In  the  preliminary  draining  and  drying  of  the  peat  in  order 
to  reduce  the  water  content  to  the  extent  necessary  before  other 
processes,  such  as  pressing,  could  be  commenced,  it  was  necessary 
to  have  a  very  cheap  supply  of  heat,  and  up  to  the  present  the  heat 
of  the  sun  had  been  used  for  the  purpose.  In  other  words,  the  use 
of  peat  was  analogous  to  the  use  of  the  heat  of  the  sun  direct.  Some- 
times, when  burning  a  pound  of  peat,  one  was  led  to  speculate  upon 
what  heat  was  being  used — whether  it  was  the  heat  stored  up  in  the 
peat  bog  thousands  of  years  ago  or  the  heat  given  to  it  by  the  sun 
during  the  previous  season's  drying  period. 

Like  a  number  of  other  fuels  involving  problems  of  a  difficult  nature, 
peat  had  always  possessed  a  sort  of  magnetic  attraction  for  the  invest- 
ing public;  it  seemed  easier  to  attract  finance  to  some  of  these  more 
difficult  fuels  than  to  some  of  those  which  were  less  difficult.  A  great 
deal  of  work  had  been  done  in  this  country  in  order  to  ascertain  to 
what  extent  we  could  use  our  peat  deposits,  but,  unfortunately  for 
peat,  it  did  not  usually  occur  here  in  favourable  positions.  Our  indus- 
trial areas  had  grown  up  around  the  coalfields,  so  that  peat,  which 
started  with  a  disadvantage,  in  that  it  had  to  be  dried  before  it 
could  be  used,  suffered  the  further  disadvantage  as  compared  with 
coal,  that  it  occurred  at  greater  distances  from  the  industrial  areas. 

Mr.  T.  Campbell  Finlayson  (General  Reporter)  then  presented 
his  General  Report. 

Colonel  Sir  Frederic  L.  Nathan  (Vice-Chairman,  Great  Britain) 
said  that  the  subject  could  be  divided  into  a  number  of  sub-divisions. 
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In  the  first  place,  there  was  the  question  of  the  occurrence  of  peat; 
but  that  hardly  lent  itself  to  discussion.  Secondly,  there  was  the 
question  of  peat  winning,  which,  of  course,  was  closely  bound  up 
with  that  of  peat  drying;  and  the  latter  had  been  further  sub- 
divided by  the  General  Reporter  into  actual  and  artificial  drying. 
Finally,  there  was  the  question  of  peat  utilisation.  The  main  con- 
cern in  this  connection  was  its  use  as  a  fuel,  but  there  were  other 
uses  to  which  it  could  be  put. 

Mr.  K.  B.  Eller  (Great  Britain),  who  discussed  the  winning  of 
peat  and  the  production  of  electric  power  from  it,  pointed  out  that 
there  was  a  vast  difference  in  the  characteristics  of  the  various  bogs, 
and  that  there  was  no  one  method  of  peat  winning  which  was  appli- 
cable to  all.  Each  must  be  worked  according  to  its  own  character- 
istics. Low  moors  could  best  be  dealt  with,  in  his  view,  by  surface 
working,  either  by  ploughing,  harrowing  or  milling.  During  the 
last  season  surface  milling  had  been  tried  on  a  large  scale  in  Russia, 
and  he  asked  for  some  information  with  regard  to  the  experience 
gained. 

Difficulties  seemed  to  have  been  experienced  with  elevators  and 
hydro-peat  plant  in  deep  peat  bogs,  because  the  ground  was  likely 
to  crack  near  the  edges.  Recently,  this  difficulty  had  been  over- 
come in  one  case  by  driving  long  poles  into  the  ground  and  erecting 
a  hydro-peat  plant  on  them.  That  could  be  done  with  a  hydro-peat 
plant,  because  it  worked  such  a  large  area  from  the  same  spot;  but 
with  elevators  it  would  not  be  possible.  It  was  probable,  there- 
fore, that  deep  bogs  could  be  worked  best  by  hydro-peat  plants. 
The  peat,  of  course,  was  rather  wet,  but  this  could  be  compensated 
for  to  some  extent  by  the  use  of  better  drying  ground.  Recently, 
he  had  had  occasion  to  compare  the  drying  of  peat  on  grass  fields 
on  sandy  soil,  and  on  drained  bogs,  and  turfs  from  the  same  bog  had 
dried  about  twice  as  quickly  on  the  sandy  soil  as  on  the  bog  itself. 

Commenting  upon  the  figures  given  in  paper  R3,  by  Messrs. 
Testrup  and  Gram,  the  speaker  said  that  the  cost  of  winning  peat 
would  vary  at  different  bogs;  he  believed  that  in  most  cases  the  cost 
would  be  higher  than  that  indicated  in  the  paper.  The  cost  of  winning, 
however,  was  not  always  the  determining  factor,  and  it  did  not 
matter  very  much,  in  some  cases,  even  if  the  cost  were  three  or  four 
times  as  high  as  was  estimated.  For  instance,  he  had  examined 
more  than  a  thousand  peat  bogs,  and  knew  practically  all  of  im- 
portance in  Europe  and  America,  and  he  had  found  some  very  large 
ones,  the  peat  in  which  contained  an  average  of  more  than  3  per  cent, 
of  nitrogen.  In  such  cases  the  peat  was  probably  worth  more  than 
coal,  because  if  it  were  worked  in  gas  producers  and  the  nitrogen 
recovered,  one  could  obtain  from  every  ton  of  dry  peat  about  2  cwt. 
of  sulphate  of  ammonia,  which  was  worth  about  £\.  In  addition, 
there  would  be  produced  power  gas  equivalent  to  about  1,000 
horse-power-hours  from  each  ton  of  peat.  But  power  gas  produc- 
tion from  peat  with  recovery  of  by-products  could  only  be  worked 
on  a  large  scale,  and  with  air-drying  one  could  not  depend  upon  the 
maintenance  of  a  sufficient  supply  of  dry  peat.     If,  however,  the 
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water  content  could  be  reduced  sufficiently  and  economically  by 
artificial  means,  such  bogs  could  be  worked  very  profitably — much 
more  profitably,  he  believed,  than  coal. 

If  the  artificial  drying  methods  proved  successful  and  rendered  us 
independent  of  air-drying,  we  were  not  very  far  from  the  time  when 
peat  would  be  as  highly  valued  as  coal  is.  After  all,  there  was  as 
much,  if  not  more,  peat  in  the  world  as  coal. 

Professor  C.  Padovani  (Italy)  said  that  some  of  the  authors  had 
spoken  very  generally  of  the  possibihties  of  peat  utilisation,  but  in 
considering  the  question  as  to  whether  it  could  be  used  economically, 
it  was  well  to  bear  in  mind  the  ash  content  of  each  particular  peat, 
because  this  was  a  ver}'  variable  quantity.  The  Italian  peats  had 
an  ash  content  of  from  20  to  40  per  cent,  when  dry,  and  it  was  very 
difficult  to  utihse  such  peats,  because  a  high  ash  content  not  only 
lowered  the  value  of  the  dried  peat,  but  it  also  made  it  difficult  to 
apply  artificial  drying  methods.  The  peat  resources  of  Italy  were 
comparatively  extensive,  but  nearly  all  the  peats  had  not  only  a 
high  ash  but  also  a  high  sulphur  content.  At  the  same  time,  there 
had  been  many  courageous  attempts  made  to  utilise  peat  in  Italy. 
Attempts  had  been  made  to  produce  gas  for  power  from  an  air-dried 
peat  in  accordance  with  the  Mond  process,  and  to  make  synthetic 
ammonia  from  the  nitrogen  obtained  from  the  peat.  The  large 
production  of  synthetic  ammonia  by  other  means  in  Italy,  however, 
had  affected  the  prospects,  so  that,  in  spite  of  the  attempts  which 
had  been  made  to  utilise  peat,  the  problem  was  still  unsolved. 

Mr.  a.  Worsley  (Great  Britain)  discussed  the  peats  of  North-West 
Scotland.  He  had  spent  a  year  in  that  area,  and,  although  much 
of  his  time  was  occupied  with  the  study  of  pegmatites,  inasmuch 
as  these  pegmatites  occurred  as  extrusive  masses  near  or  in  the 
peat  areas,  he  had  devoted  a  good  deal  of  time  to  the  study  of  peat. 
In  looking  at  the  papers  submitted  to  Section  R  he  had  been  im- 
pressed bv  the  great  influence  of  climate  upon  the  possibilities  of 
the  cheap  drying  of  peat.  In  some  parts  of  Germany,  for  instance, 
there  was  a  period  of  about  100  days  in  the  year  during  which 
natural  air  drying  could  be  resorted  to,  whereas  in  North  Germany 
the  period  extended  to  only  eighty  days.  In  the  North-West  of 
Scotland  one  would  be  very  fortunate  to  get  eighty  days  in  a  year 
on  which  peat  could  be  air-dried.  It  was  practically  impossible, 
owing  to  the  heavy  rainfall,  to  carry  out  processes  such  as  macerating 
the  peat  and  spreading  it  over  the  ground.  Incidentally,  there  was 
no  sandy  ground  there.  The  only  possible  method  of  air  drying 
was  that  which  was  already  applied  by  the  natives.  They  stacked 
the  peats  in  open  pyramidal  stacks  and  allowed  the  wind  to  blow 
through  them;  and  as  it  was  an  extremely  windy  district,  they  did 
succeed  in  some  seasons  in  getting  a  large  proportion  of  the  occluded 
or  adhesive  water  out  of  the  peat. 

Another  point  of  general  importance  in  connection  with  peat 
winning  and  ultilisation  was  that  a  great  many  of  the  schemes  for 
the  artificial  drying  and  treatment  of  the  peat  were  applicable  only 
in  districts  in  which  the  population  was  considerable.     The  majority 
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of  the  peat  bogs  he  had  seen  occurred  in  districts  where  the  popula- 
tion was  exceedingly  scanty,  so  that  enough  consumers  would  not 
be  found  for  the  gas  produced  on  any  large  scale  by  these  processes. 
In  this  scantily  populated  district  the  only  immediate  economic 
utilisation  of  peat  was  for  domestic  purposes. 

Some  of  the  local  peats  were  black,  hard  and  brittle,  and  approxi- 
mated to  the  character  of  some  lignites.  These  were  considered 
to  be  the  best,  and  were  known  by  the  Scots  as  "baking  peats," 
because  they  were  the  only  peats  which,  when  air-dried,  would  give 
out  heat  for  a  sufficient  length  of  time  to  enable  small  loaves  of 
bread  to  be  baked.  The  ignition  temperature  was  a  factor  to  be 
considered  in  this  connection.  The  ignition  temperature  of  this 
class  of  peat  was  higher  than  that  of  the  fibrous  peats  which  were 
obtained  nearer  the  surface,  so  that  for  domestic  purposes  it  was 
necessary  to  use  both  classes  of  peat,  the  fibrous  peat  being  used  to 
ignite  the  baking  peat.  The  cost  of  mechanically  winning  and 
treating  peat  in  that  part  of  the  country  would  be  high,  owing  to  the 
difficulty  of  access  to  the  peat  deposits,  so  that  there  would  be  great 
initial  expenditure  in  conveying  the  apparatus  to  the  deposits.  If 
a  large  scale  plant  were  used,  it  would  in  a  short  time  exhaust  all 
the  peat  available  within  reasonable  distance,  and  it  would  be 
necessary  to  move  the  plant;  so  that  there  appeared  to  be  no 
possibility  of  making  a  profit  in  any  district  in  which  coal  or  hydro- 
electric power  was  a  competitor.  He  was  sorry  to  have  to  say  that, 
but  it  was  perfectly  clear  to  anyone  who  had  studied  the  position 
in  that  district. 

In  Spain  the  position  was  different.  Some  peat  bogs  existed  in 
that  country,  from  which  peat  of  a  non-fibrous  character  could  be 
obtained.  In  such  a  climate  one  could  consider  complete  air- 
drying,  i.e.,  one  could  reduce  the  water  content  of  the  peat  by  air- 
drying  from  85  or  90  per  cent,  to  about  28  per  cent.,  but  it  could 
not  be  reduced  further  by  natural  air-drying.  Owing  to  the  com- 
pleteness and  certainty  of  the  air-drying  process  in  such  a  climate, 
one  could  produce  a  fairly  well-dried  combustible  peat  at  an  exceed- 
ing low  cost. 

Finally,  he  suggested  it  was  desirable  to  bear  in  mind,  in 
the  course  of  the  discussion,  that  any  project  for  the  artificial 
treatment  of  peat  should  be  considered  only  in  relation  to  areas 
having  sufficient  population,  and  in  which  neither  coal  nor  lignite 
was  available.  Peat  had  one  advantage  over  lignite  in  that  its  sulphur 
content  was  lower,  but  this  advantage  was  more  than  counter- 
balanced by  its  great  bulk  in  comparison  with  its  calorific  value. 
The  existence  of  local  lignites  had  more  than  once  compelled  the 
speaker  to  turn  down  projects  for  utilising  peat  grounds. 

Professor  Pierce  Purcell  (Ireland)  congratulated  the  Confer- 
ence upon  having  secured  so  many  papers  placing  on  record  the 
results  of  work  on  peat  production  and  utilisation,  the  details  of 
which  were  not  previously  available,  and  paid  a  tribute  to  Mr. 
Finlayson,  the  General  Reporter  of  the  Section,  for  having  produced 
so  admirable  a  report  of  the  papers.     He  was  glad  that  emphasis 
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had  been  laid  upon  the  fact  that  the  whole  of  the  present  production 
in  Russia,  Ih  million  tons  per  annum,  consisted  of  mechanically- 
won,  air-dried  peat.  Otherwise  the  delegates  might  have  been 
under  the  misapprehension  that  some  of  the  processes  of  artificial 
dehydration  described  in  the  papers,  and  which  were  at  present  only 
in  the  experimental  stage,  were  responsible  for  that  large  output. 

No  very  exact  figures  were  available  as  to  the  annual  production 
of  peat  in  Ireland,  but  it  amounted  to  between  6  and  7  million 
tons,  and,  therefore,  approximated  to  the  Russian  production. 
Practically  all  the  peat  produced  in  Ireland  was  won  by  hand. 
There  was  one  peat-winning  machine  of  the  Wieland  type,  but  to 
his  knowledge  that  was  the  only  one  at  work  in  the  country,  and  it 
was  interesting  to  note  that  so  large  an  output  was  attained  without 
any  State  aid  or  interference. 

The  facts  given  in  the  papers  with  regard  to  the  very  large  power 
stations  which  were  working  on  peat  in  Russia  were  very  encourag- 
ing. At  the  same  time,  it  was  necessary,  when  dealing  with  peat  on 
a  large  scale,  not  to  go  beyond  a  certain  optimum  production;  he 
believed  that  when  the  production  exceeded  a  certain  amount  the 
cost  of  handling  the  enormous  volume  of  material  which  had  to  be 
treated,  spread  over  such  a  large  area,  would  increase  to  such  an 
extent  as  to  counterbalance  the  economies  resulting  from  large- 
scale  working.  Another  encouraging  feature  of  the  work  carried 
out  in  Russia  was  the  increased  efficiency  obtained  in  the  working 
of  the  steam  boiler  plants  there. 

Dealing  generally  with  the  problem  of  peat  winning  and  utilisa- 
tion. Professor  PurceU  said  that  one  could  not  repeat  too  often  the 
warning  that  peat  was  a  very  low  grade  fuel,  and  that,  as  the  Chair- 
man had  pointed  out,  in  its  original  condition  it  had  no  calorific 
value  at  all.  Man}'  people  experimenting  with  peat  were  inclined 
to  be  carried  away  by  their  enthusiasm  and  to  forget  that  the  final 
product  had  to  compete  with  coal  on  a  calorific  value  basis. 

With  regard  to  the  development  of  plant  for  peat  fuel  production 
by  artificial  dehydration,  he  said  that  whereas  under  laboratory 
conditions  plants  appeared  to  be  simple  and  effective,  when  apphed 
to  large-scale  working  defects  were  revealed,  and  the  result  of  at- 
tempts to  overcome  those  defects  was  to  produce  enormously  com- 
plicated machines  which,  to  those  who  were  prepared  to  look  at 
the  matter  dispassionately,  very  often  resembled  some  of  the 
ingenious  devices  portrayed  by  Mr.  Heath  Robinson,  and  which  gave 
considerable  delight  to  some  of  the  readers  of  the  British  press. 

Referring  to  the  attempts  made  in  Russia  to  use  the  hydro-peat  pro- 
cess in  combination  with  coagulation  by  means  of  a  colloidal  solution 
of  ferric  hydrate,  the  speaker  said  this  was  still  in  the  experimental 
stage,  but  it  was  seriousty  suggested  that  sufficient  working  material 
might  be  prepared  on  the  bog  in  the  summer  time  and  pumped  into 
large  reservoirs  so  that  it  would  be  available  for  working  in  the 
winter  season.  He  had  calculated,  however,  that  the  storage  of 
the  material  for  a  moderate  sized  plant,  having  an  output  of  50,000 
tons  of  dried  peat  per  annum,  would  involve  a  reservoir  covering 
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over  40  acres  in  area  with  a  10-ft.  depth  of  95  per  cent,  moisture 
peat.  That  was  something  to  contemplate  for  a  plant  having  an 
output  of  peat  which,  on  the  calorific  value  basis,  was  only  equiva- 
lent to  25,000  or  30,000  tons  of  coal  per  annum. 

Again,  in  connection  with  the  plant  outlined  in  the  paper  by  Messrs. 
Testrup  and  Gram  (R3),  it  was  contemplated  raising  a  pile  of  peat 
which  had  been  partially  air-dried,  to  80  per  cent,  moisture  content. 
In  that  case  he  had  calculated  that  there  would  be  required  a  dump 
40  ft.  high,  covering  7  acres,  to  supply  a  plant  with  a  similar  output 
of  50,000  tons  of  dried  peat  per  annum.  When  one  contemplated 
the  handhng  of  the  material  and  the  other  processes  involved — 
the  excavation,  collection,  transport,  storage,  elevation,  in  some 
processes,  pressing  and  in  others  artificial  dehydration,  and  then 
briquetting — and  considered  the  capital  costs,  labour  charges  and 
maintenance  costs  on  such  a  plant,  one  found  it  rather  difficult  to 
regard  sympathetically  or  with  patience  the  statement  that  these 
costs,  exclusive  of  royalties,  amounted  only  to  from  2s.  6d.  to  3s. 
per  ton.  An  analogy  had  been  drawn  very  often,  he  said,  between 
the  brown  coal  industry  and  the  peat  industry.  The  brown  coal 
industry  had  been  a  very  big  commercial  success,  and  as  in  that 
industry  material  containing  from  50  to  60  per  cent,  of  moisture 
had  been  produced  commercially  as  a  fuel  by  artificial  drying,  it 
had  been  suggested  that  similar  means  could  be  applied  to  the  peat 
fuel  industry.  It  appeared  to  him  that,  even  though  we  might 
take  it  for  granted — and  we  were  not  entitled  to  do  so — that  we 
could  deliver  peat,  dried  down  by  some  process  of  pressing  to  a 
moisture  content  of  60  or  65  per  cent.,  to  the  driers,  and  that  we 
could  do  it  at  the  price  at  which  brown  coal  could  be  delivered  to 
the  drying  plant,  we  were  not  entitled  to  assume  also  that  the 
remainder  of  the  operations  would  run  on  the  same  lines  as  in  the 
brown  coal  industry.  He  believed  that  water  in  peats  might  be 
held  in  a  different  manner  to  that  in  which  it  was  held  in  lignites, 
and  that  the  energy  required  to  remove  it  would  be  greater. 

Dr.  E.  W.  Smith  (Joint  Technical  Secretary)  said  that  one  of  the 
difficulties  in  discussing  peat  and  the  artificial  drying  of  it  was  that 
of  obtaining  a  complete  understanding  of  the  problem.  It  was 
very  entrancing  to  hear  Mr.  EUer  say  that  it  did  not  matter  much 
what  it  cost  to  dry  peat  if,  when  dried,  it  contained  so  much  nitrogen 
per  ton,  because  that  nitrogen  content  would  justify  the  develop- 
ment of  almost  any  process.  He  would  like  to  know  if  Mr.  Eller 
had  given  the  matter  full  consideration  before  making  such  a  state- 
ment, at  a  meeting  at  which  the  press  was  fully  represented.  Peat, 
when  taken  from  the  bog,  contained  water  to  an  extent  of  up  to  90 
per  cent.  Therefore,  a  ton  of  dried  peat  was  associated  with  9  tens 
of  water.  Thus,  if  the  value  of  the  sulphate  of  ammonia  produced 
from  one  ton  of  dried  peat  was  £\,  it  represented  2s.  per  ton  of  the 
original  material.  All  connected  with  the  gas  industry  knew  that 
a  ton  of  sulphate  of  ammonia  sold  at  /lO  to-day  gave  a  net  asset  of 
not  more  than  about  £\ ,  so  that  the  £\  spoken  of  by  Mr.  Eller  as 
the  value  of  the  2  cwt.  of  sulphate  of  ammonia  produced  from  a  ton 
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of  dried  peat  represented  a  net  asset  of  only  2s.  In  order  to  obtain 
the  sulphate  of  ammonia  it  was  necessary  to  use  a  producer  plant, 
and  peat,  if  it  were  to  be  worked  in  a  producer  plant,  had  to  be 
briquetted.  Any  normal  artificial  drying  process  required  peat 
dust,  and  peat  dust  could  not  be  used  in  a  producer.  No  one  would 
put  in  a  producer  plant  merely  to  produce  sulphate  of  ammonia; 
the  producer  gas,  which  contained  sulphur,  had  to  be  utilised.  He 
asked  Mr.  Eller,  therefore,  if  he  could  really  give  any  information 
on  broad  principles  as  to  how  he  proposed  to  introduce  a  plant, 
either  in  Germany  or  Great  Britain,  to  produce  ammonia  from 
dried  peat. 

Mr.  B.  F.  Haanel  (Canada),  who  prefaced  his  remarks  by  stating 
that  during  twenty-five  years  he  had  had  the  misfortune  to  prepare 
and  issue,  for  Government  purposes,  negative  reports  on  peat  fuel 
projects,  said  that  a  great  deal  of  money  had  been  spent,  not  only 
in  Europe,  but  also  in  Canada,  and  that  to  date  that  money  had 
been  practically  lost.  Various  methods  for  converting  peat  into  a 
fuel — methods  employing  mechanical  means,  artificial  drying  and 
even  air  drying — had  been  tried  out  exhaustively,  and  still  Canada 
had  not  what  might  be  called  a  peat  industry. 

As  had  been  stated,  a  peat  bog  contained,  on  the  average,  about 
90  per  cent,  of  water,  even  when  fairly  well  drained,  and  the  real 
problem  in  the  economical  preparation  and  utilisation  of  peat  was 
that  of  excavating  it  and  separating  the  water  from  it.  What  to 
do  with  the  peat  after  excavation  and  transportation  to  some  other 
part  of  the  field  was  another  matter.  The  Government  of  Canada 
had  spent  close  on  500,000  dollars  (£100,000)  in  attempts  to  develop 
an  industry  on  the  lines  of  the  air-dried  machine  peat  process.  The 
economic  operation  of  this  process  demanded,  as  did  all  other  pro- 
cesses, that  the  peat  should  be  removed  economically  from  the  bogs 
by  means  of  a  machine  which  could  work  continuously  without  break- 
ing down,  and  which  involved  the  employment  of  the  minimum 
number  of  labourers.  Moreover,  the  excavating  plant,  the  trans- 
porting plant,  the  harvesting  machines  and  so  forth,  must  be 
constructed  at  a  minimum  cost,  because  the  raw  material  to  be 
dealt  with,  which  contained  only  10  per  cent,  of  solids,  had  little 
value  until  it  was  dried  and  put  into  a  form  suitable  for  use  for 
domestic  or  other  purposes.  The  cost  of  excavation  was  an  item 
which  must  be  considered  very  seriously.  The  operation  had  to  be 
conducted  both  in  good  and  bad  weather,  for  in  almost  every 
country  where  peat  bogs  existed  the  weather  conditions  were  not 
always  favourable.  In  countries  such  as  Canada,  Russia  and  even 
Germany,  the  winning  of  peat  could  not  be  conducted  throughout 
the  whole  year,  because  during  the  winter  the  bogs  were  frozen,  and 
in  Canada  the  number  of  days  during  the  year  on  which  excavation 
could  be  carried  out  was  100  to  110. 

In  Canada  a  considerable  sum  of  money  had  recently  been  ex- 
pended on  an  entirely  new  plant  to  manufacture  peat  by  the  air- 
dried  machine  peat  process.  The  machine,  the  transporting  devices 
and    so    forth,    had   been    constructed    and   assembled,   with    the 
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assistance  of  some  of  the  ablest  engineers  in  the  country,  and  they 
believed  that  they  had  a  machine  which  would  stand  up  continuously 
to  a  season's  operation  without  any  serious  breakdown.  Its  capa- 
city, which  he  believed  was  the  largest  that  such  a  machine  could 
have,  was  20,000  tons  of  air-dried  machine  peat  per  annum,  or 
rather,  per  100  days,  the  moisture  content  of  the  peat  being  reduced 
to  25  to  30  per  cent.  It  was  believed  that  if  that  output  could  be 
maintained,  peat  with  that  moisture  content  could  be  made  and 
loaded  on  to  cars  at  a  cost  of  between  2.50  and  3  dollars  per  ton, 
which  was  equivalent  to  10s.  or  12s.  The  peat  would  be  produced 
in  the  form  of  bricks  which  would  be  hard,  resistant  to  breakage  and 
which  would  burn  very  well  for  domestic  and  other  purposes.  It 
was  beUeved  that  there  was  a  large  potential  market  for  peat  fuel 
in  Canada;  probably  in  the  neighbourhood  of  1  or  1 J  million  tons 
per  annum. 

Whilst  he  did  not  wish  to  discourage  any  other  attempts  to  solve 
the  problems  encountered  in  the  economic  manufacture  of  peat  fuel, 
he  felt  it  to  be  his  duty  to  utter  the  warning,  based  on  many  dis- 
appointments in  his  own  work  during  the  last  twenty-five  years,  that 
the  very  best  calculations  that  the  ablest  engineers  could  make 
when  dealing  with  this  subject  were  most  Hkely  to  be  over-estimates 
by  at  least  50  per  cent.,  and  in  connection  with  the  operations  for 
which  he  was  responsible  in  Canada  he  had  insisted  that  every  single 
estimate  made  should  be  reduced  by  50  per  cent.  The  results  so  far 
obtained  seemed  to  warrant  that  reduction.  The  problem  was  an 
elusive  one. 

Whilst  he  was  still  a  strong  advocate  of  the  air-drying  machine 
process,  he  would  welcome,  as  would  everybody  else,  the  develop- 
ment of  other  methods  than  air  drying  which  would  extend  the 
period  of  operation.  It  did  not  cost  anything  to  utilise  the  heat  of  the 
sun;  and  since,  in  winning  peat,  the  main  objective  was  to  get  as 
many  heat  units  as  possible  at  the  lowest  price,  any  expenditure  of 
heat  on  artificial  drying  must  be  taken  very  seriously  into  considera- 
tion. The  plant  he  had  referred  to  in  Canada  required  about 
1 1 5  kW^  to  operate  it.  When  all  costs  were  taken  into  consideration, 
including  costs  of  maintenance,  repairs  and  overhead  and  admin- 
istration charges,  the  margin  between  profit  and  loss,  even  in  a 
well-conducted  enterprise,  was  very  small.  He  felt  that  the  opera- 
tions being  carried  in  Canada  would  be  successful,  but  he  did  not 
look  upon  such  an  enterprise  as  one  which  offered  a  means  of 
"getting  rich  quick."  The  substance  produced  had  to  compete 
with  coal,  and  there  were  abundant  supplies  of  coal  in  the  east  and 
west  of  Canada;  in  the  centre  there  was  no  coal  produced,  and  that 
was  where  it  was  expected  that  peat  would  be  utilised;  but  even 
there  it  must  compete  with  American  coal,  which  was  imported 
in  large  quantities. 

With  regard  to  nitrogen  in  peat,  Mr.  Haanelsaid  that  there  were  bogs 
in  Canada  yieldingpeatwhich  when  dried, hadanitrogen  content  of  3-5 
to  3-75  per  cent.  When  peat  contained  a  reasonable  nitrogen  content 
every  effort   should  be  made   to  utilise   that   nitrogen,  and  with 
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ammonium  sulphate  selling  at  £10  per  ton  there  would  be  a  very 
large  margin  for  profit  if  that  kind  of  peat  were  utilised  in  a  gas  pro- 
ducer. There  was  one  bog  in  Canada,  covering  an  area  of  7,000  acres, 
which  he  had  always  looked  upon  as  one  which  could  be  dealt  with 
profitably  in  that  way.  He  had  estimated  that  under  those  circum- 
stances a  little  more  money  could  be  expended  on  the  drying  of  the 
peat  and  its  preparation  for  use  in  the  gas  producer.  In  the  region 
of  the  bog  in  question  there  was  ample  demand  for  the  power  which 
might  be  generated. 

Mr.  Justus  Eck  (Great  Britain)  said  it  was  quite  evident  from 
the  papers  and  the  discussion  that  the  machinery  for  handling  peat 
was  of  enormous  importance  and  demanded  very  careful  considera- 
tion, and  he  urged  that  if  possible  the  papers  should  be  supplemented 
by  more  details  with  regard  to  the  machinery.  He  noted  that  no 
paper  had  been  contributed  describing  the  possibilities  of  peat 
production  in  Ireland,  and  giving  particulars  of  the  cost  of  pro- 
ducing a  combustible  fuel  from  the  peat.  Ireland  was  short  of 
other  fuels,  and  the  peat  was  of  great  value,  but  he  was  surprised 
to  hear  from  Professor  Purcell  that  between  6  and  7  million  tons 
of  peat  were  excavated  and  used  annually  in  Ireland.  He  believed 
that  if  it  had  been  fully  appreciated  that  there  was  such  an  output 
of  peat  in  a  combustible  form,  the  development  of  the  Shannon 
power  scheme  would  have  taken  quite  a  different  form. 

What  had  surprised  him  when  looking  at  the  papers  was  the  diver- 
sity in  the  costs  of  producing  combustible  peat,  as  stated  in  them. 
He  hoped  we  should  get  nearer  to  facts  shortly,  so  that  the  doubts 
which  appeared  to  exist  in  some  people's  minds  would  be  dissipated 
and  capitalists  would  be  encouraged  to  put  money  into  the  develop- 
ment of  the  enormous  peat  areas  in  Ireland,  feeling  that  it  would  be 
remunerated.  It  would  be  of  great  interest  to  know  what  the 
minimum  size  effective  electricity  central  station,  combining  steam 
and  waste  steam  utilisation  for  drying  the  peat,  could  do,  because 
undoubtedly  it  would  be  useful  for  supporting  any  centralised 
supply  of  power  in  the  local  areas.  Finally,  he  expressed  indebted- 
ness to  the  Russian  organisations  which  had  contributed  such 
excellent  descriptive  papers  concerning  the  developments  in  that 
country. 

Dr.  G.  Egloff  (U.S.A.)  said  that  as  the  result  of  a  study  of  the 
world's  fuel  resources  he  had  found  to  his  amazement  that  peat 
represented  one  of  the  largest  potential  fuel  resources  in  the  world, 
and  that  it  was  fairly  generally  distributed.  If  the  estimated  total 
quantities  of  peat  available  in  the  world  were  carbonised  they  would 
yield  something  like  100  biUion  barrels  of  peat  tar.  His  interest 
lay  in  the  conversion  of  oils  of  every  description  into  motor  fuels  by 
the  application  of  the  cracking  process,  and,  though  they  had  not 
actually  cracked  the  peat  tar  oil,  it  had  been  proved  conclusively 
by  analyses  and  other  experimental  evidence  that  peat  tars  could 
be  converted  into  approximately  35  per  cent,  of  gasoline,  about 
50  per  cent,  of  oil,  which  would  be  a  Diesel  oil,  the  balance  being 
coke  and  tar.     He  had  been  surprised  that  there  was  not  a  paper 
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presented  to  the  peat  Section  of  the  Conference  deahng  with  the 
carbonisation  of  peat  with  a  view  to  its  utihsation  as  a  soHd  fuel, 
but  he  understood  that  in  Russia  there  had  been  produced  com- 
mercially tars  and  cokes  from  peat,  these  tars  and  cokes  being 
utilisable  in  the  steel  industry. 

M.  B.  MoKRSHANSKY  ((J.S.S.R.),  Speaking  on  behalf  of  the  Scientific 
Experimental  Institute  of  Peat  in  Moscow  and  its  Chairman,  M. 
Radschemo,  summarised  the  achievements  of  the  peat  industry  in 
the  U.S.S.R.  for  the  past  season.  The  total  production  of  peat  in 
the  U.S.S.R.  in  1928,  he  said,  was  7  million  tons,  of  which  5^  million 
tons  was  industrial  fuel,  the  remaining  H  millions  being  allocated 
for  domestic  use  by  the  peasants.  The  production  cost  was  still 
high,  due  to  the  limited  mechanisation  of  the  excavation  process, 
which  was  further  complicated  by  the  peculiarities  of  bogs  contain- 
ing forest  remains.  Consumers  were  charged  up  to  $4.20  per  ton 
for  the  peat  fuel.  Every  effort  was  being  made  to  reduce  production 
costs,  by  rational  direction  of  existing  technique,  as  well  as  of  the 
whole  peat  industry,  and  by  evolving  entirely  new  methods  of 
production. 

Recognising  the  difficulties  of  the  problem,  and  being  unable  to 
profit  by  the  experience  of  others  because  such  experience  was  not 
available,  Russia  had  created,  in  addition  to  a  number  of  other 
scientific  institutions,  the  Scientific  Experimental  Institute  of  Peat. 
In  this  Institute  were  drawn  together  representatives  of  all  sciences 
concerned  with  the  peat  industry — botanists,  hydrotechnologists, 
mechanical  engineers,  chemists,  thermotechnologists  and  economists. 
Only  by  such  means  could  the  solution  of  the  manifold  peat  problem 
be  attained.  It  being  the  aim  to  double  the  peat  production  in  the 
next  five  years,  i.e.,  to  increase  production  to  14  million  tons  per 
annum,  they  had  been  forced  to  spend  large  sums  of  money  on 
experiments.  During  the  year  1928  considerable  success  had  been 
achieved  in  the  direction  of  cheapening  production  costs  of  machine- 
produced  peat  and  the  production  per  worker  per  season  had  been 
doubled.  The  technique  of  the  hydro-peat  process,  in  which  the 
excavation  process  was  completely  mechanised,  was  being  per- 
fected. With  the  installation  of  the  new  type  of  plant,  the  produc- 
tion of  air-dried  peat  per  machine  had  risen  from  30,000  to  70,000 
tons  during  a  season  of  three  months.  They  were  near  to'a  solution  of 
the  problem  of  the  rational  design  of  an  excavator  for  stumpless  bogs. 
One  method  which  had  been  adopted,  and  which  was  essentialty 
different  from  all  other  methods,  was  the  horizontal  layer  milling 
of  peat,  macerating  it  to  the  consistency  of  sawdust,  which  could 
be  used  directly  as  an  industrial  fuel  or  briquetted  and  sold  to  the 
public.  The  results  of  the  experimental  work  carried  out  during 
the  last  year  had  been  very  satisfactory.  Experience  of  the  use  of 
rapid-moving  machines  after  special  preparation  of  the  peat  bogs, 
in  conjunction  with  an  almost  complete  mechanisation  of  the  pro- 
cesses of  peat  production  and  removal,  gave  reason  to  believe  that 
further  perfection  of  this  method  would  lead  to  a  widespread  use  of 
peat,  due  to  the  low  cost  at  which  it  would  be  produced.     The  peat 
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industry  was  still  young,  and  he  expressed  the  hope  that  the  ex- 
change of  scientfic  and  technical  knowledge  with  regard  to  it,  thus 
begun  at  the  Fuel  Conference,  would  continue  in  the  interests  of  the 
world  at  large. 

The  peat  resources  of  the  U.S.S.R.,  amounting  to  about  30  per  cent, 
of  the  total  fuel  resources,  were  concentrated  near  the  industrial 
centres.  At  first  peat  was  used  only  for  burning  under  steam 
boilers  in  the  factories  and  power  stations,  and  the  experience 
gained  thereby  was  such  that  the  problem  of  peat  burning  could  be 
regarded  as  solved.  The  wide  use  of  the  shaft  chain-grate  furnace 
designed  by  Professor  Makarieff,  and  the  use  of  hot  blast,  had 
resulted  in  unusually  great  heat  liberation  from  the  grate  surface. 
With  peat  humidity  of  from  35  to  38  per  cent.,  the  heat  hberation 
was  easily  regulated  at  3-3  million  calories  per  square  metre  of  grate 
area  per  hour,  the  percentage  of  carbon  dioxide  being  from  13-5  to 
14  per  cent,  behind  the  boiler,  and  there  was  almost  complete  com- 
bustion of  the  peat.  The  correct  adjustment  of  the  relative  posi- 
tions of  the  chain  grate  and  the  boiler  surface  allowed  of  working 
with  a  peat  humidity  of  60  per  cent.,  with  a  percentage  of  carbon 
dioxide  in  the  flue  gases  equal  to  10  per  cent,  and  heat  liberation  of 
one  million  calories  per  square  metre  of  grate  area  per  hour.  The 
evaporation  of  the  boiler  in  the  first  case  was  52  kg.  per  square 
metre  per  hour,  and  in  the  second  case  25  kg.  per  square  metre  per 
hour.  The  ultimate  capacity  of  the  peat-burning  power  stations 
for  public  supply  now  working  or  in  course  of  eerction  in  the  U.S.S.R. 
amounted  to  612,000  kW.,  the  proposed  output  being  440,000,000 
kWh.  The  biggest  of  the  peat-burning  stations — Shatura — had  an 
ultimate  capacity  of  136,000  kW.  Half  of  the  energy  used  in 
Moscow  and  the  surrounding  districts  was  supplied  from  peat- 
burning  power  stations,  the  prices  of  which  were  lower  than  those 
of  other  power  stations  in  Moscow.  The  cost  at  Shatura  was  1  -6 
cents  per  kWh. 

Experiments  were  now  being  carried  out  with  a  view  to  improving 
the  combustion  of  peat  produced  by  the  surface  milling  method, 
which  peat  was  less  successful  than  other  peats  on  the  chain  or  disc 
stoker.  Experiments  were  also  being  carried  out  with  a  view  to 
effecting  improvements  of  the  existing  furnaces,  and  in  connection 
with  the  burning  of  the  milled  air-dried  peat  in  the  pulverised  form. 
The  results  would  probably  be  published  in  the  near  future. 

For  many  years  experimental  work  was  carried  out  in  the  U.S.S.R. 
in  connection  with  the  utilisation  of  the  hydraulic  method  of  pro- 
duction for  purposes  of  artificial  dehydration.  This  method,  while 
simplifying  the  mechanical  excavation  and  transportation  of  liquid 
hydrated  pulp,  made  easier  the  alteration  of  its  chemical  com- 
position by  coagulation,  using  a  special  cheap  coagulator.  The 
next  stage  of  dehydration,  namely,  filtering  off  the  water  in  screen 
bucket  elevators  or  screen  drums,  had  already  been  perfected  and 
tested  on  an  industrial  scale.  The  following  stage,  that  of  pressing 
the  peat,  was  conducted  first  in  a  press  with  mechanically  activated 
pistons,  made  by  Madruck;   but  this  method  had  to  be  abandoned, 
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and  an  experimental  unit  built  subsequently  had  given  better 
results.  The  pressing-off  in  both  presses  was  done  after  preliminary 
dusting  of  the  incoming  peat  mass.  The  thickness  of  cakes  pressed 
in  the  hydraulic  press  was  about  70  mm.  At  present,  work  was 
being  directed  towards  the  simplification  of  the  system  of  artificial 
dehydration  by  the  elimination  of  dusting.  It  had  been  observed 
that  the  thinner  the  pressed  layer  of  peat,  and  therefore,  the  smaller 
the  resistance  offered  to  outcoming  water,  the  drier  was  the  pressed 
peat.  The  pressing  of  thin  layers  of  peat  in  special  multi-storied 
presses  was  now  the  subject  of  investigation. 

The  next  stage  of  artificial  dehydration,  namely,  the  conversion 
of  pressed  cakes  into  dust  or  briquettes,  was  a  problem  in  itself  and 
had  special  significance  in  the  utilisation  of  cheap  milled  peat.  The 
use  of  a  pipe  drier  utilising  steam,  on  the  Shulze  system,  with  so- 
called  "Wendeleisten"  of  new  design  for  peat  drying,  gave  about 
the  same  results  as  in  the  drying  of  lignite.  The  most  successful 
method  was  the  application  of  these  driers  to  combined  drying  and 
the  employment  of  both  steam  and  hot  flue  gases,  the  latter  being 
drawn  through  the  tubes  at  considerable  velocity.  The  high  cost 
and  great  size  of  the  drying  installation,  as  well  as  the  trouble  of 
removing  dust  from  outgoing  gases,  had  made  it  necessary  to  try 
to  eliminate  the  driers. 

If  it  were  proposed  to  use  peat  in  pulverised  form  in  a  given  instal- 
lation it  was  well  to  expsriment  with  pulverising  in  the  so-caUed 
unit  mill  without  preliminary  drying.  Success  had  already  been 
achieved  in  pulverising  peat  of  a  humidity  of  28  per  cent.  By 
passing  hot  gases  through  the  mill  the  maximum  humidity  permis- 
sable  could  be  still  further  increased. 

If  it  were  intended  to  briquette  peat,  it  was  necessary  to  dry  to  a 
humidity  of  15  per  cent.  The  cheapening  and  simplification  of  the 
driers  was,  for  this  reason,  necessary.  In  the  driers  now  in  use  the 
processes  of  heating  and  evaporation  took  place  simultaneously  in 
the  same  machine  and  peat  was  ejected  when  its  temperature  had 
reached  a  maximum.  This  could  not  be  regarded  as  satisfactory, 
since  the  conditions  for  the  successful  operation  of  the  two  processes 
were  so  different.  Attempts  were  being  made  to  separate  the  two 
stages  by  designing  a  special  peat  heater  with  good  heat  transfer- 
ence, a  well  built  heat  exchanger  and  a  separate  apparatus  for 
evaporating  water  from  the  heated  peat.  To  facilitate  evaporation 
the  peat  was  placed  in  the  way  of  a  stream  of  hot  air  or  gases  and 
dried  instantaneously,  being  in  a  suspended  state.  The  water 
vapour,  with  the  dust,  was  probably  most  conveniently  directed 
into  the  boiler  furnace. 

The  experiments  on  the  burning  of  pulverised  peat  indicated  that 
it  was  a  very  convenient  medium.  The  high  content  of  volatile 
constituents  facilitated  combustion,  which  was  very  stable  and 
efficient  even  with  large  peat  grains  (60  per  cent,  passing  through 
No.   100  sieve). 

In  a  criticism  of  the  method  of  peat  drying  suggested  by  Messrs. 
Testrup  and  Gram,  M.  Mokrshansky  said  that  in  essence  it  could 
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hardly  be  called  two-staged.  It  consisted  of  the  following  prin- 
cipal operations: — 

(1)  Cutting  of  peat; 

(2)  Collecting  the  peat  and  loading  it  into  trucks; 

(3)  Transporting  the  peat  containing  80  per  cent,  moisture  from 
bog  to  factory; 

(4)  Storage  at  the  factory,  and 

(5)  Drying  by  heat. 

So  far,  none  of  these  operations  had  been  really  perfected.  The 
cheap  transport  of  large  quantities  of  peat  with  80  per  cent,  moisture 
was  a  difficult  problem.  The  storage  of  large  quantities  of  wet 
peat,  especially  in  winter  time  under  Russian  climatic  conditions, 
would  give  rise  to  many  difficulties.  The  freezing  of  pieces  of  peat 
and  their  sticking  together  into  large  lumps  would  necessitate  the 
use  of  special  crushing  plant.  It  was  difficult  to  form  an  opinion 
as  to  the  merits  of  the  suggested  method  of  drying  until  it  had  been 
tested  on  a  commercial  scale.  Having  regard  to  all  these  factors, 
he  suggested  that  the  statements  made  as  to  the  manufacture  of  peat 
briquettes  by  Messrs.  Testrup  and  Gram's  method  appeared  to  be 
a  little  premature. 

The  Russian  Scientific  Experimental  Institute  of  Peat  did  not  in- 
tend to  introduce  its  own  methods  into  industry  yet,  as  they  were 
not  quite  sure  of  their  calculations,  particularly  with  regard  to  the 
pressing  of  the  peat. 

Finally,  the  speaker  expressed  the  hope  that  experiments  on 
artificial  dehydration  would  be  proceeded  with,  and  that  the  mutual 
interchange  of  experience  would  lead  to  further  achievements. 

At  the  conclusion  of  the  proceedings,  a  hearty  vote  of  thanks  was 
accorded  the  Chairman,  Vice-Chairman  and  General  Reporter,  and 
the  General  Secretaries,  on  the  motion  of  Mr.  Testrup. 
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Introduction 

I  do  not  propose  to  give  statistics  concerning  the  past,  present, 
and  probable  future  requirements  and  supplies  of  petroleum, 
which  is  the  raw  material  from  which  petrol  is  derived;  or  to 
consider  the  question  as  to  how  long  the  world's  supplies  of 
petroleum  are  Ukely  to  last.  Apart  from  the  possibility  of  supplies 
giving  out,  the  question  of  alternative  fuels  for  use  in  internal  com- 
bustion engines  is  important,  since  these  have  become  a  vital  com- 
modity for  land,  sea,  and  air  locomotion  purposes.  This  is  parti- 
cularly so  in  countries  where  indigenous  supplies  of  petrol  are  absent 
or  limited.  Of  alternative  fuels,  the  one  that  has  received  most 
attention  for  a  considerable  number  of  years  is  undoubtedly  ethyl 
alcohol,  a  primary  alcohol  derived  from  the  hydrocarbon  ethane.* 
The  principal  reasons  for  this,  apart  from  the  general  suitability 
of  alcohol  for  use  in  internal  combustion  engines,  are:  (1)  the  relative 
ease  with  which  it  can  be  produced  from  vegetable  materials  con- 
taining either  sugars  or  bodies  easily  convertible  into  sugars,  and, 
(2)  the  fact  that  these  vegetable  materials  are  widely  available  and 
are  continuously  being  renewed  as  a  result  of  the  sun's  energy. 

I  will  endeavour  to  give  a  brief  history  of  the  efforts  made  to  bring 
a  power  alcohol  industry  into  existence,  more  especially  in  this 
country,  to  describe  in  general  terms  the  direction  these  efforts 
have  taken,  and  to  outline  the  results  obtained. 

*  Note. — The  word  alcohol  will  signify  ethyl  alcohol  of  95  per  cent,  by  volume 
unless  otherwise  specified. 
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Definition  of  "Power  Alcohol" 

The  name  "power  alcohol"  used  in  this  country  originated  with 
the  Inter-Departmental  Committee  on  AlcohoP  appointed  by  the 
late  Lord  Long  on  the  18th  October,  1918,  and  was  proposed  "to 
describe  all  alcohol  for  power  or  traction  purposes."  The  Committee 
also  suggested  that  alcohol  for  these  purposes  should  contain  a 
minimum  of  90  per  cent,  by  volume  of  absolute  alcohol.  The  term 
"power  alcohol"  has  no  specific  meaning. 

Under  the  Finance  Act  of  1920^  the  use  of  alcohol  for  power  pur- 
poses was  legalised  as  "power  methylated  spirits."  This  name 
means,  in  the  words  of  the  Finance  Act  1920,  "any  methylated 
spirits  (other  than  minerahsed  methylated  spirits)  which  are  to  be 
used  in  generating  mechanical  power."  In  accordance  with  the 
Regulations  of  the  18th  August,  1921,^  issued  under  the  Act,  the 
formula  for  such  spirits  is  as  follows: — ninety-two  parts  of  alcohol, 
five  parts  of  benzol,  half-part  of  crude  pyridine,  and  2\  parts  of 
wood  naphtha,  together  with  l/40th  ounce  of  Spirit  Red  III  dye  in 
each  100  gallons  of  the  mixture. 

Power  methylated  spirits  so  prepared  are  sold  free  of  duty  and 
restriction  for  the  purpose  of  generating  mechanical  power  when 
mixed  with  25  per  cent,  of  petrol,  benzol  or  denatured  ether,  or 
some  other  substance  or  combination  of  substances  approved  by 
the  Commissioners  of  Customs  and  Excise. 

Foreign   Motor  Fuels 

Some  foreign  countries  have  special  names  for  motor  fuels, 
of  which  alcohol  is  an  ingredient.  In  France,  a  law  passed 
in  1923  prescribed  a  carburant  national  containing  alcohol,  and 
by  a  decree  dated  the  31st  May,  1923,  alcohol-petrol  mixtures 
for  use  in  motors  must  consist  of  not  less  than  ninety-five 
parts  and  not  more  than  105  parts  by  volume  of  absolute  alcohol 
to  100  parts  by  volume  of  hydrocarbons.  In  Germany,  what  is 
known  as  Monopolin  is  composed  of  approximately  45  per  cent,  of 
petrol,  45  per  cent,  of  alcohol  and  10  per  cent,  of  benzol.  The 
carburante  nacional  of  Argentina  consists  of  50  per  cent,  of  98-4  per 
cent,  alcohol  and  50  per  cent,  of  petrol  by  volume.  Dynalcol  in 
Czecho-Slovakia  is  a  mixture  of  approximately  three  parts  of 
alcohol  to  four  parts  of  benzol,  and  Laettbentyl  in  Sweden  is  com- 
posed of  twenty-five  parts  of  99-5  per  cent,  alcohol  (sulphite  spirit) 
and  seventy-five  parts  of  benzol.  In  Japan,  alcohol  up  to  50  per 
cent,  is  an  ingredient  of  motor  fuels,  and  in  Norway  a  mixture  of 
three  of  petrol  to  one  of  alcohol  is  recommended. 
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Alcohol  as  a  Fuel  for  Internal  Combustion  Engines 

The  question  of  using  alcohol  in  this  country  as  a  fuel  for  motors 
was  considered  at  some  length  by  the  Departmental  Committee  on 
Industrial  Alcohol^  appointed  by  the  Chancellor  of  the  Exchequer 
in  1904.  It  had  not  previously  been  used  here  for  such  a  purpose. 
In  France  and  Germany,  however,  it  had  been  adopted  to  a  limited 
extent,  though  mainly  for  agricultural  engines  since  no  satisfactory 
solution  had  been  found  of  certain  difficulties  in  connection  with 
its  use  in  motor  cars,  notwithstanding  the  desire  of  both  these 
countries  to  encourage  the  use  of  an  indigenous  material. 

The  Committee  was  concerned  mainly  with  the  question  of  de- 
naturing spirit,  and  concluded  that  its  denaturating  for  use  in  motor 
vehicles  would  not  present  any  difficulty,  and  terminated  this 
section  of  its  report  with  the  following  paragraph: — 

"Any  question,  therefore,  of  the  use  of  spirit  for  motor  vehicles 
will  be  one  of  price,  and  as  at  present  the  price  of  petrol  is  about 
half  the  price  of  methylated  spirits,  we  think  that  close  investi- 
gation of  the  matter  may  be  delayed  until  such  time  as  there 
may  be  an  approximation  between  the  prices  of  petrol  and 
spirit  sufficient  to  create  a  practical  alternative  of  choice 
between  the  two." 

Judging  from  the  few  references  to  the  use  of  alcohol  as  a  motor 
fuel  in  literature,  little  appears  to  have  been  done,  certainly  in  Great 
Britain,  between  the  issue  of  the  report  of  the  Departmental  Com- 
mittee of  1904  and  the  appointment  of  the  Inter-Departmental 
Committee  of  1918. 

The  general  conclusions  drawn  from  the  evidence  given  before  the 
Departmental  Committee  of  1904,  as  well  as  from  certain  tests 
carried  out  in  the  interval  between  the  Committees  of  1904  and 
1918,  were,  that  although  the  calorific  value  of  alcohol  is  less  than 
that  of  petrol,  the  thermal  efficiency  is  greater  since  it  can  be  used 
at  higher  compressions,  results  which  the  1921  experiments  of 
Mr.  Ricardo  have  confirmed. 

There  is  difficulty  in  starting  from  "cold"  with  alcohol,  but  com- 
plete combustion  can  be  more  easily  obtained,  a  smaller  quantity 
of  air  is  needed  and  less  heat  is  generated  than  with  petrol;  alcohol 
also  bums  very  cleanly,  and  engines  using  it  run  very  smoothly.  In 
existing  engines  designed  for  petrol,  one  gallon  of  alcohol  is  equiva- 
lent to  about  f  gallon  of  petrol.  When  mixed,  however,  in  suitable 
proportions  with  benzol,  and/or  petrol,  the  mixtures  will  give 
approximately  equal  results  in  these  engines. 

Whilst  many  liquid  fuels  for  internal  combustion  engines  containing 
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alcohol  have  been  patented,  the  only  ones  (for  practical  pur- 
poses) that  can  be  used  in  engines  of  existing  design  are  those  in 
which  alcohol  is  combined  with  (1)  benzol;  (2)  petrol,  when  it  is 
necessary  that  the  alcohol  shall  be  absolute  alcohol  to  ensure  mis- 
cibility  in  all  proportions,  especially  at  low  temperatures;  (3) 
petrol  and  benzol  together,  when  miscibility  is  obtained  if  the  right 
proportions  are  chosen,  and  (4)  ether.  These  facts  have  an  im- 
portant bearing  on  the  use  of  alcohol  in  existing  types  of  engines  in 
many  of  the  Colonies  and  Protectorates,  because  benzol  is  probably 
no  more  available  than  petrol.  In  such  cases  either  absolute 
alcohol,  or  ether  which  is  made  from  alcohol,  would  have  to  be 
employed,  and  this  would  entail  further  manufacturing  operations 
and  some  reduction  in  the  original  quantity  of  alcohol.  These  are 
all  matters  which  would  have  to  be  considered  when  investigating 
the  commercial  possibilities  of  alcohol  as  a  motor  fuel  in  tropical 
and  semi-tropical  countries. 
An  Imperial  Motor  Transport  Conference  was  held  in  London  in 
July,  1913,  and  as  the  result  of  its  deliberations  the  Imperial  Motor 
Transport  Council  was  formed.  This  Council  set  up  sOi  Alcohol 
Motor  Fuel  Committee,  and  about  a  year  later  a  certain  amount 
of  propaganda  work  was  conducted  with  the  object  of  obtaining 
support  for  an  extended  scheme  of  research  on  the  problem  of  the 
investigation  and  use  of  alcohol.  Owing  to  the  war  very  little  was 
done.  Towards  the  end  of  October,  1918,  however,  the  late  Lord 
Long  (then  Mr.  Walter  Long,  head  of  H.M.  Petroleum  Executive) 
appointed  an  Inter-Departmental  Committee  to  investigate  various 
matters  concerning  the  production  and  utilisation  of  alcohol  for 
power  and  traction  purposes.  The  Committee  reported  on  the 
23rd  June,  1919,  and  the  following  paragraph  deahng  with  pro- 
duction occurred  in  the  "General  Recommendations." 

"In  the  British  Empire,  there  are  vast  existing  and  prospec- 
tive sources  of  alcohol  in  the  vegetable  world,  although  in  the 
United  Kingdom  itself  production  from  these  sources  is  now 
and  is  hkely  to  remain  small,  but  synthetic  production  in  this 
country  in  considerable  quantities,  especially  from  coal  and 
coke-oven  gases,  is  promising." 

Production  of  Alcohol  for  Power  Purposes 

Following  on  certain  recommendations  of  this  Committee  for 
deahng  with  future  work  on  the  question,  a  small  organisation  was 
set  up  under  the  Fuel  Research  Board  of  the  Department  of 
Scientific  and  Industrial  Research  as  from  the  1st  January,  1920. 

Of  the  two  methods  of  preparing  alcohol,  that  by  the  distillation — 
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after  they  have  undergone  fermentation — of  liquids  from  saccharine 
materials,  dates  back  to  ancient  times,  whereas  the  other  method, 
its  synthetic  production,  is  a  modern  operation. 

In  the  first  method  the  raw  materials  are  vegetable  matter  con- 
taining either  sugar,  starch  (which  has  to  be  converted  into  sugar 
as  a  preliminary  to  fermentation)  or  cellulosic  materials,  the  cellulose 
being  converted  by  chemical  treatment  into  fermentable  sugars. 

In  the  manufacture  of  alcohol  for  potable  purposes,  of  which  the 
requirements  are  comparatively  small  as  compared  with  those  for  a 
liquid  fuel,  and  for  which  a  high  price  is  obtainable,  cereal  grains, 
mainly  maize,  barley  and  rye  are  employed.  In  the  production  of 
industrial  alcohol,  molasses  and  maize  in  this  country,  sugar  beets 
in  France  and  potatoes  in  Germany  are  the  main  raw  materials  used. 

The  principal  factors  which  must  govern  the  possibility  of  the 
commercial  production  of  alcohol  for  power  purposes  on  a  large  scale 
in  this  country,  are  the  availability  of  raw  materials  in  sufficient 
quantities,  and  the  price,  as  compared  with  that  of  petrol,  at  which 
it  could  be  retailed. 

As  giving  some  idea  of  relative  quantities,  the  spirits  distilled  for 
all  purposes  in  Great  Britain  for  the  year  ended  the  31st  March, 
1927,  totalled  approximately  22|  million  imperial  gallons  of  95  per 
cent,  alcohol,  including  46,500  gallons  for  the  manufacture  of  power 
methylated  spirits;  whereas  imported  petrol,  and  petrol  produced 
in  this  country  from  imported  crude  petroleum,  totalled  approxi- 
mately 750,000,000  imperial  gallons.  The  alcohol  equivalent  of 
this  quantity  of  motor  fuel  under  the  most  favourable  conditions 
of  use  would  not  be  far  short  of  1 ,000  million  gallons. 
Production  from  Potatoes,  Mangolds  and  Sugar  Beets 

The  possible  raw  materials  that  could  be  grown  in  this  country 
for  the  production  of  alcohol  for  power  purposes  (apart  from  wheat 
which  is  naturally  out  of  the  question),  are: — (1)  potatoes;  (2) 
mangolds;  (3)  sugar  beets,  and  (4)  Jerusalem  artichokes.  Certain 
figures  concerning  their  use  for  the  purpose  are  given  in  Table  I. 

TABLE  I. 


Alcohol. 

Approx.  requirements  for 

Yield 

1,000  million  gallons. 

per 

Total 

Material. 

Area. 

acre. 

produce. 

Per  ton 

Per 

Produce  in 

Area  in 

of  raw 

acre. 

millions  of 

millions  of 

material. 

gallons. 

tons. 

acres. 

Acres. 

Tons. 

Tons. 

gallons. 

Potatoes     .  . 

1,256,000* 

5-6* 

7,049,000* 

20 

112 

50 

9 

Mangolds   . . 

473,000* 

18-8* 

8,922,000* 

8 

150 

125 

7 

Sugar  Beet 

222,500* 

7-7t 

1,450,000* 

22 

170 

45J 

6 

Jerusalem 

Artichokes 

iNegligible 

no 

Negligible 

18 

198 

56 

5 

1927. 


t  1924-5  to  1927-8. 
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These  figures  show  that  for  lack  of  acreage,  irrespective  of  all  other 
considerations,  the  production  of  any  but  an  infinitesimal  quantity 
of  alcohol  for  power  purposes  would  be  an  impossibility  in  this 
country.  The  average  total  area  under  crops  and  grasses  in  Great 
Britain  for  the  years  1917-1926  was,  in  round  figures,  14f  and  16| 
milhon  acres  respectively,  or  a  total  of  31,000,000  acres. 

It  is  almost  impossible  to  arrive  at  a  selling  price  of  alcohol  pro- 
duced in  quantity  from  any  of  the  above-mentioned  raw  materials, 
because  of  such  unknown  factors  entering  into  the  calculations  as 
freight  charges  on  the  raw  material  to  the  distilleries,  the  number 
of  which  would  have  to  be  very  materially  increased;  the  value  of 
by-products  when  produced  on  a  very  large  scale;  the  manufac- 
turing costs,  etc. 

The  average  price  of  second  quality  potatoes  for  1926  was  £4  10s.  Od. 
per  ton  calculated  from  the  figures  given  in  the  Ministry  of  Agricul- 
ture and  Fisheries  Agricultural  Statistics,  1926.^  The  average 
food- value  price  for  mangolds  last  season  was  about  19s.  Od.  a  ton. 
The  standard  price  fixed  with  the  National  Farmers'  Union  for  sugar 
beet  during  the  period  of  the  present  rate  of  subsidy  is  46s*  Od.  plus 
an  additional  3d.  a  ton  for  each  0-1  per  cent,  increase  of  sugar 
content  over  15-5  per  cent.  The  average  sugar  content  for  the 
past  four  years  was  16-61  per  cent.,  so  that  the  price  would  be  about 
48s.  9d.  a  ton.  No  price  can  be  given  for  the  Jerusalem  artichoke 
which  is  only  grown  as  a  table  vegetable. 

Based  on  these  figures,  the  costs  of  the  three  raw  materials  per 
gallon  of  alcohol  are  given  in  Table  II. 


TABLE  II. 

Material. 

Yields  of  alcohol 
per  ton. 

Gallons. 

Price  of  raw 

material  per 

ton. 

I     s.  d.  , 

Price  of  raw 
material  per 
gallon  of  alcohol, 
s.     d. 

Potatoes 
Mangolds     ... 
Sugar  beet  ... 

20 

8 

22 

4   10     0 

19     0 

2     8     9 

4     6 
2     Al 
2     2i 

It  is  obvious,  therefore,  that  the  availability  and  price  of  raw 
materials  would  make  it  impossible  to  manufacture  alcohol  for 
power  purposes  in  quantity  in  this  country  from  indigenous  raw 
materials.  Further  information  on  the  subject  will  be  found  in 
the  'Tnterim  and  Third  Memoranda  on  Fuel  for  Motor  Transport" 
issued  by  the  Department  of  Scientific  and  Industrial  Research 
in  July,  1920,  and  October,   1924,  respectively.^ 
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In  order  to  improve  the  agricultural  value  of  the  sandy  soils  of 
East  Germany,  potato  growing  on  a  large  scale  was  inaugurated 
more  than  a  century  ago.  The  production  of  alcohol,  mainly  for 
industrial  purposes,  was  one  of  the  outlets  for  the  surplus  over  food 
requirements.  Scientific  methods  of  agriculture  improved  the 
yield  and  starch  content,  and  the  manufacture  of  industrial  alcohol 
was  encouraged  by  subsidies  and  further  fostered  by  powerful 
organisations  controUing  production  and  disposal.  The  result 
was  that,  during  the  later  pre-war  years,  some  6,000  distilleries 
were  producing  on  an  average  66,000,000  gallons,  or  about  80  per 
cent,  of  the  alcohol  output  of  the  country,  using  for  the  purpose 
about  2-|-  million  tons  of  potatoes,  or  about  5  to  6  per  cent,  of  the 
total  potato  harvest.  It  is  interesting  to  note  that,  so  long  ago  as 
1902-3,  some  1,100,000  gallons  of  alcohol  were  used  for  stationary 
motor  and  other  engines  in  Germany. 

Since  the  war,  the  industry  has  been  a  monopoly  of  the  State  which 
supervises  production  and  distribution  and  fixes  the  sale  price. 
It  has,  however,  suffered  severely  as  a  result  of  the  war  and  of 
frontier  readjustments,  so  much  so  that  in  1919-20  the  number  of 
distilleries  had  been  reduced  to  some  1,500  with  a  production  of 
6-6  million  gallons  of  alcohol,  an  output  which  was  just  one-half 
that  from  all  sources.  The  position  has  not  materially  improved 
since  then,  and  according  to  the  statistics  of  the  German  Monopoly 
Department  167,472  hectolitres  (3,684,384  gallons)  of  alcohol  were 
used  in  motor  fuels  or  for  the  production  of  Monopolin  in  1926-27. 

The  manufacture  of  alcohol  from  sugar  beet  has  been  practised 
in  Northern  France  for  over  half  a  century.  In  1913  the  pro- 
duction of  181  distilleries  was  about  36|  million  gallons,  but  the 
industry  suffered  heavily  as  the  result  of  the  war  and  has  not  yet 
recovered.  In  1926  the  output  was  a  little  over  13,000,000  gallons, 
of  which  some  6,000,000  gallons  were  used  for  motor  fuels.' 

Production  of  Alcohol  for  Power  Purposes  in  the  Dominions 
Colonies  and  Protectorates 

The  position  as  regards  the  production  of  alcohol  for  power  pur- 
poses in  the  Dominions,  Colonies  and  Protectorates,  is  somewhat 
more  favourable  than  in  the  Mother  Country,  because  the  require- 
ments of  liquid  fuels  for  internal  combustion  engines  are  small  in 
comparison,  suitable  raw  materials  of  the  vegetable  world  are 
more  easily  produced,  and  the  retail  price  of  petrol  is  higher. 

Quantities  and  values  of  imported  petrol  for  1926,  together  with 
the  1927  figures  for  France  and  Germany,  are  given  in  Table  III. 
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TABLE  III. 
Imported  Petrol — Quantities  and  Values  (1926). 


Quantity. 

Value. 

Country. 

Total 

Per  gallon. 

approx. 

Gallons. 

I 

s.    d. 

Great  Britain 

562,176,619* 

21,567,931 

H 

Commonwealth  of  Australia    ... 

115,566,839 

6,519,015 

1     OJ 

New  Zealand 

46,418,022 

1,914,727 

10 

Union  of  South  Africa 

37,794,884 

1,340,753 

H 

Southern  Rhodesia 

2,224,391 

178,104 

1  n 

Northern  Rhodesia        

163,241 

24,288 

2   lit 

Kenya  and  Uganda 

4,000,956 

227,626 

1      If 

Gold  Coast 

3,615,014 

248,264 

1     4i 

Nigeria    ... 

2,178,437 

152,451 

1      4Î 

Sierra  Leone       

137,035 

11,859 

1      8Î 

Ceylon 

6,308,256 

525,362 

1      8 

Mauritius 

978,275 

33,320 

8i 

Fiji           

602,670 

23,037 

H 

British  Malaya               

90,018,327 

8,777,212 

1    11* 

West  Indies  and  British  Guiana 

2,994,476 

132,964 

lOf 

France  (1927)      

385,619,008 

10,370,000 

6i 

Germany  (1927)              

113,995,416 

3,204,000 

6Î 

*  Exclusive  of  173,339,118  gallons  of  petrol  obtained  from  imported  crude 

petroleum. 

Production  from  Cassava,  Maize,  Molasses,  Nipah  Palm  Juice  and 
Sweet  Potatoes. — In  the  tropical  and  semi-tropical  Empire  overseas 
a  wider  range  of  vegetable  materials  is,  or  can  be,  cultivated,  and 
the  sugar  or  starch  content,  as  well  as  the  yield  per  acre,  are  fre- 
quently higher  than  occurs  with  the  vegetable  growths  of  the 
temperate  zone.  Table  IV.  gives  average  particulars  of  the  more 
important  materials. 

TABLE  IV. 


Alcohol. 

Sugar  or 

Yield 

Starch 

per 

Material. 

content. 
Per  cent. 

acre. 
Tons. 

Gallons 
per  acre. 

Gallons 
per  ton. 

Cassava 

25 

10-0 

350 

35 

Maize 

66 

0-8 

64 

80 

Molasses 

60 

— 

— 

70 

Nipah  Palm  Juice  . . . 

15 

— 

f      200* 
■(  l.OOOf 

Sweet  Potatoes 

25 

5-0 

175 

35 

*  Wild  palms. 
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The  possibilities  of  producing  power  alcohol  in  the  principal 
countries  referred  to  in  Table  III.,  from  the  raw  materials  of  Table 
IV.,  are  briefly  as  follows: — 

Cassava.  Cassava  is  grown  in  practically  all  the  tropical  and 
semi-tropical  portions  of  the  Empire,  but  entirely  for  food  purposes. 
Its  use  for  the  production  of  alcohol  for  power  purposes  was  con- 
sidered, and  cultivation  experiments  were  carried  out  for  some 
years  on  the  Gold  Coast,  but  the  idea  was  abandoned  on  account 
of  the  cost  of  growing  it.  In  Queensland  it  is  being  grown  experi- 
mentally for  supply  to  the  Sarina  Factory,  near  Mackay,  of  the 
International  Sugar  and  Alcohol  Co.  A  bounty  of  4d.  per  gallon 
is  allowed  by  the  Queensland  Government  on  all  alcohol  for  power 
purposes  produced  from  it. 
Maize.  The  production  of  maize  in  South  Africa  is  on  a  very  large 
scale,  but  it  is  a  staple  article  of  food  in  the  country  of  origin  and  in 
countries  to  which  it  is  exported.  Damaged  maize  might  be  used 
if  it  could  be  collected  cheaply  and  in  sufficient  quantities  for 
treatment  at  suitable  centres.  It  is  understood  that  small  quantities 
of  maize  have  been  used  in  Natal  from  time  to  time,  but  so  far  it 
would  not  appear  to  be  a  likely  source  of  Empire  power  alcohol  in 
any  but  very  small  quantities. 

Molasses.  The  principal  sugar  growing  countries  of  the  Empire 
are  Queensland  and  New  South  Wales,  Mauritius,  Natal,  the  West 
Indies  and  British  Guiana.  In  Queensland  and  New  South  Wales 
the  production  of  molasses  in  1925-26  was  about  11 8,500  tons,  equiva- 
lent to  about  8J  million  gallons  of  alcohol  if  it  were  all  used  for  the 
purpose,  but  a  considerable  proportion,  owing  to  locality  of  pro- 
duction, cannot  be  treated.  A  factory  has  recently  started  work 
at  Sarina,  in  the  Mackay  sugar  district  of  Northern  Queensland,  for 
the  manufacture  of  alcohol  for  power  purposes,  using  molasses  as 
the  main  raw  material,  and  at  least  two  others  are  contemplated  if 
the  first  is  successful;  the  combined  output  of  the  three  factories 
will  be  at  least  3,000,000  gallons  a  year.  The  encouragement  of 
the  production  of  motor  fuel  from  cultivated  crops  and  by  the 
distillation  of  a  larger  proportion  of  the  molasses  already  produced, 
was  recommended  in  February,  1927,  by  the  Power  Survey  Sectional 
Committee  of  the  Australian  Commonwealth  Engineering  Standards 
Association.  Plant  for  the  production  of  alcohol  for  power  pur- 
poses, with  an  estimated  capacity  of  150,000  gallons  a  year,  is  run 
in  conjunction  with  a  sugar  factory  in  the  Buganda  Province  of 
Uganda.  In  Mauritius,  attention  has  been  devoted  to  the  use  of 
alcohol  for  power  purposes  for  the  last  ten  years,  and  a  big  factory 

1263 


POWER  ALCOHOL 

for  the  production  of  an  alcohol  motor  fuel  at  the  rate  of  1,000 
gallons  a  day  was  erected  in  1922,  but  it  is  understood  that  unex- 
pected difficulties  have  prevented  its  working.  At  Merebank,  in 
Natal,  an  alcohol-ether  motor  fuel  called  "NataHte"  has  been  manu- 
factured for  some  years  from  molasses;  production  being  at  the 
rate  of  1 ,000,000  gallons  a  year.  A  Government  Committee  investi- 
gated the  possibility  of  making  alcohol  for  power  purposes  from 
South  African  raw  materials.  The  Committee  reported  in  October, 
1926,  recommending  the  encouragement  of  an  alcohol  fuel  industry 
from  molasses  and  maize,  and  making  suggestions  how  this  might 
be  done.  In  the  West  Indies  and  British  Guiana  the  molasses  is 
used  almost  entirely  for  making  rum,  although  small  quantities 
have  been  made  into  alcohol  for  power  purposes  from  time  to  time, 
especially  in  British  Guiana. 

Nipah  Palm.  The  PhiHppines  was  the  original  home  of  the  nipah 
pakn  alcohol  industry,  and  from  IJ  to  1^  miUion  gallons  are  made 
there  annually,  mainly  for  use  as  a  beverage.  Manufacture  is  very 
cheap,  as  the  sap  does  not  require  dilution  with  water  or  seeding 
with  yeast,  and  fermentation  is  very  rapid.  It  is  estimated  that 
there  are  over  300,000  acres  of  nipah  palms  in  British  North  Borneo, 
and  an  experimental  factory  with  an  output  of  200  gallons  of  alcohol 
a  day  was  erected  in  1923  to  study  the  question  of  its  manufacture. 
As  the  result  of  the  data  obtained  it  was  considered  that  in  British 
North  Borneo,  under  favourable  conditions,  nipah  could  be  efficiently 
and  economically  exploited  for  the  production  of  alcohol  and  a 
motor  fuel,  at  a  price  sufficiently  low  to  compete  successfully  with 
petrol.  The  data  upon  which  these  conclusions  were  based  are 
results  from  wild  nipah;  namely,  an  average  yield  per  acre  per 
season  of  some  3,000  gallons  of  sap,  producing  about  200  gallons 
of  alcohol,  taking  6-5  per  cent,  as  the  amount  of  alcohol  procurable 
from  the  sap.  In  Malaya  there  are  no  compact  stands  of  indigenous 
nipah,  and  an  alcohol  industry  would  have  to  rely  on  plantation 
nipah,  which  possesses  the  advantages  over  the  indigenous  variety 
of  a  higher  sugar  content  and  much  higher  yield  per  acre.  Some 
large  nipah  palm  estates  exist  and  experiments  have  been  carried 
out  since  1922  under  the  direction  of  the  Agricultural  Department. 
The  results  indicate  an  output  of  at  least  1 ,000  gallons  of  alcohol  an 
acre  a  year,  so  that,  judging  from  the  experience  of  British  North 
Borneo,  a  nipah  palm  alcohol  industry  should  have  reasonable 
prospects  of  success. 

The  Sweet  Potato.  The  sweet  potato  is  cultivated  in  all  tropical 
and  semi-tropical  areas.  The  h-gh  combined  starch  and  sugar 
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content,  especially  with  selected  varieties;  the  considerable  yield 
per  acre  if  grown  under  suitable  conditions  of  soil,  climate  and 
cultivation;  the  comparative  ease  with  which  it  is  cultivated, 
harvested  and  stored;  and  its  relative  immunity  from  insect  pests 
and  diseases,  together  make  the  sweet  potato  a  very  promising  raw 
material  for  the  production  of  alcohol  for  power  purposes.  It  has 
been  used  on  a  smaU  and  tentative  scale  in  one  or  two  parts  of  the 
Empire,  notably  in  Queensland,  where  each  gallon  of  alcohol  made 
from  it  receives,  equally  with  that  made  from  cassava  and  similar 
vegetable  materials,  the  Government  bounty  of  4d. 

The  use  of  the  above  materials  possesses  the  important  advantages 
of  high  yields  of  fermentable  material  per  acre,  and  of  easy  manufac- 
turing operations,  but  the  cost  of  operations  must  be  relatively  high, 
even  under  favourable  conditions. 

Whether  any  of  these  vegetable  materials  could  be  grown  in  excess 
of  food  requirements,  and  at  a  sufficiently  low  cost  for  them  to  be 
used  to  make  alcohol  for  power  purposes,  depends  mainly  on  local 
conditions,  both  agricultural  and  economic.  Such  evidence  as  has 
been  obtainable  is  not  very  encouraging  to  such  possibilities,  and  it 
is  clear  that,  even  if  it  might  be  feasible  to  make  it  from  cultivated 
vegetable  materials  in  some  of  the  Colonies  and  Protectorates  to 
meet  local  liquid  fuel  requirements,  it  is  most  unlikely  that  produc- 
tion could  be  carried  out  on  a  sufficiently  large  scale,  and  at  a 
sufficiently  low  cost,  to  make  export  to  this  cormtry  a  commercial 
possibiHty. 

Production  from  Grasses,  Straws  and  Waste  Vegetable  Materials. 
There  remains  to  be  considered  the  question  of  the  use  of  grasses, 
straws  and  waste  vegetable  materials,  and  waste  wood  and  sawdust. 

In  view  of  the  quantities  of  grasses,  and  of  waste  vegetable  products 
such  as  maize  and  rice  straws,  corn  cobs,  sisal  hemp  waste, etc.,  avail- 
able in  the  tropical  and  semi-tropical  portions  of  the  Empire,  the  Fuel 
Research  Board  started  investigations  to  discover  a  simple  and 
cheap  method  of  converting  these  materials  into  alcohol.  Two 
methods  suggested  themselves;  the  first,  and,  if  it  could  be  accom- 
plished, the  easier  one,  is  the  direct  conversion  of  the  material  into 
alcohol  by  means  of  micro-organisms.  It  soon  became  apparent, 
however,  that  the  discovery  of  such  an  organism  would  involve  a 
prolonged  research,  and  it  was  decided  to  postpone  the  work  in 
favour  of  the  second  method,  namely,  one  in  which  some  portion 
of  the  material  could  be  converted  into  simple  sugars  capable  of 
fermentation  by  bacterial  action  into  a  combustible  liquid. 

The  investigations  carried   out  with  a  number  of  grasses  from 
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different  parts  of  the  Empire,  and  with  some  waste  materials,  have 
resulted  in  the  development  of  a  method  that,  on  a  semi-technical 
scale,  has  given  satisfactory  indication  of  its  applicability. 

The  process  consists  in  subjecting  the  material,  after  reduction 
to  a  suitable  state  of  division,  to  a  digestion  in  a  2  per  cent,  solution 
of  sulphuric  acid,  removing  the  excess  acid  by  pressure,  steaming 
the  impregnated  material  at  atmospheric  pressure  in  vats  of  wood 
or  other  suitable  non-corrosive  material,  and  subsequently  cooling 
and  neutralising  the  mash  with  lime.  The  fermentation  of  the 
mash  is  effected  by  means  of  the  Bac.  acetoethylicus  of  Northrop, 
the  hydrogen  ion  concentration  being  carefully  regulated  throughout. 

The  wash  on  distillation  gives  per  ton  of  raw  material  an  average 
yield  of  the  order  of  20  gallons  of  a  liquid  composed  of  about  ninet}' 
parts  of  alcohol  to  ten  parts  of  acetone,  a  very  suitable  liquid  fuel 
for  use  in  internal  combustion  engines. 

A  full  account  of  the  investigations,  and  of  the  process,  is  given  in 
the  "Fourth  Memorandum  on  Fuel  for  Motor  Transport,"^  issued  by 
the  Department  of  Scientific  and  Industrial  Research  in  July,  1927, 
and  published  by  H.M.  Stationery  Ofhce,  from  which  the  following 
table  of  results  (Table  V.)  is  taken: — 

TABLE  V. 


Yield  of 

Natu 

re  of  material. 

alcohol- 

Origin. 

acetone 
mixture, 

Local  name. 

Botanical  name. 

gals,  per  ton 

1.   Esun  grass 

Pennisetum  sp. 

Nigeria 

170 

2. 

Hyparrhenia  glauca  Stent... 

South  Africa 

18-0 

3.  Maize  cobs 

Zea  Mays  L. 

Kenya 

22-5 

4.   New  Zealand 

Flax  residue    ... 

Phormium  tenax  Forsi 

Dorset 

10-0 

5.  Rice  husks 

6.  Rice  straw       ... 

Oryza  sativa  L. 

Burma 

jH-O 
1  19-0 

7.   Wheat  straw 

Triticum  vulgare  Host 

Dorset 

16-0 

8.   Eruwa  grass 

Andropogon  tectorum 

Schum 

Nigeria 

220 

9.  Gamba  grass      ... 

Andropogon  Gayanus 

Kunth 

Nigeria 

20-0 

10.   Jowar  straw 

Sorghum  vulgare  Pers. 

India 

170 

11.   Nile  sudd 

Cyperus  papyrun  /_. 

Egypt 

16-5 

12.   Sisal  hemp  waste 

Agave  sisalana  Perr. 

Kenya 

4-8 

Note. —  1  to  7  semi-technical  scale,  8  to  12  laboratory  scale. 

The  production  of  alcohol  by  this  process  should  present  no  manu- 
facturing difficulties;  whether  it  would  be  possible  commerciaDy 
must  depend  on  a  number  of  local  conditions,  of  which  the  important 
ones  are  probably  the  cost  of  collection  and  of  transport  of  the  raw 
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material  to  a  central  distillery.  The  question  can  only  be  settled 
for  any  given  locality  by  means  of  large  scale  experiments  under- 
taken with  skilled  supervision.  Certain  tentative  suggestions  in 
this  connection  are  being  considered. 

The  question  of  the  production  of  alcohol  for  use  in  motors  in  the 
French  African  Colonies  from  the  fermentable  sugars  present  in 
sisal  waste  was  brought  up  in  Parliament  in  December,  1924,  and 
an  enquiry  was  instituted.  A  report  was  made  in  December,  1927, 
to  the  effect  that  a  sisal  industry  on  a  large  scale  was  possible  in 
North  East  Africa,  that  it  would  be  remunerative,  and  that  it 
should  be  possible  to  produce  alcohol  from  the  waste  at  a  price  con- 
siderably below  that  of  imported  petrol.^ 

Production  from  Sawdust  and  Waste  Wood.  It  has  been  known 
for  over  a  century  that  the  acid  hydrolysis  of  woody  material 
produces  sugars,  and  such  processes  have  been  in  existence  for  some 
twenty  years,  notably  in  the  United  States.  But  the  use  of  weak 
acids  under  pressure,  resulting  moreover  in  the  conversion  of  only 
a  small  proportion  of  the  wood  to  fermentable  materials,  was  never 
a  success  financially,  although  it  was  worked  on  a  considerable  scale 
in  America  during  the  war  for  the  manufacture  of  alcohol  for 
munitions  purposes.  Under  favourable  conditions,  a  yield  of  at 
most  20  gallons  of  alcohol  per  ton  of  wood  was  obtained. 

During  the  last  few  years,  however,  more  than  one  process  has 
been  developed  in  which  strong  (40  per  cent.)  liquid  and  gaseous 
hydrochloric  acids  are  employed.  Considerable  difficulties  were 
experienced  in  connection  with  the  action  of  the  strong  acid  on  the 
material  of  the  manufacturing  plant  and  with  the  recovery  of  the 
acid;  but  it  is  understood  that  these  difficulties  have  been  overcome 
in  great  measure,  and  that  a  plant  has  been  erected  at  Geneva  com- 
bining the  best  features  of  certain  of  the  other  plants.  This  plant 
is  producing  experimentally  about  1  ton  of  wood  sugar  a  day,  the 
yield  being  of  the  order  of  60  per  cent,  on  the  raw  material.  The 
processes  are  described  in  a  paper  on  "Sugar  from  Wood,"  by  Dr. 
W.  R.  Ormandy.^ 

The  process,  even  if  it  is  proved  to  be  one  capable  of  producing  a 
raw  material  at  a  sufficiently  low  cost  to  enable  it  to  be  made  into 
alcohol  for  power  purposes,  could  not  be  worked  in  this  country 
owing  to  the  lack  of  sufficient  raw  material.  Difficulties  of  acid 
supply  would  probably  prevent  its  use  in  the  Colonies  and  Protec- 
torates, but  it  might  have  application  in  Canada  and  possibly  also 
in  Australia.  There  is  no  reason  why  it  should  not  be  operated  in 
Norway  and  Sweden,  whence  the  wood  sugar,  provided  it  is  cheap 
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enough,  might  be  shipped  to  this  country  for  conversion  to  power 
alcohol. 

Production  from  Sulphite  Lyes.  In  the  manufacture  of  wood  pulp 
by  the  sulphite  process,  the  resulting  sulphite  lyes  contain  ferment- 
able sugars.  Various  processes  for  producing  alcohol  from  the  lyes 
are  in  existence,  and  the  commercial  manufacture  of  alcohol  for 
industrial  purposes  has  been  attempted,  notably  in  Sweden,  Norway 
and  Germany.  A  motor  fuel  known  as  Laetthentyl,  consisting  of 
75  per  cent,  petrol  and  twenty-five  parts  of  99-5  per  cent,  alcohol 
from  sulphite  lyes  has  been  made  in  Sweden.  The  cost  of  produc- 
tion of  sulphite  spirit  is  so  high,  however,  that  it  is  found  that  it 
cannot  compete  with  imported  petrol,  although  there  is  a  tax  of 
6  ore  per  litre  (3s.  6d.  per  gallon)  on  the  latter.  The  same  difficulty 
occurs  in  Norway.  In  Germany  sulphite  lyes  are  a  small  source 
of  alcohol  for  power  purposes.  Very  little  sulphite  pulp  is  made  in 
GreatBritain,  so  that  it  cannot  be  reckoned  as  a  possible  raw  material. 

Synthetic    Production    of    Alcohol 

The  development  of  synthetic  processes  for  the  manufacture  of 
alcohol  has  not  made  any  material  headway,  nor,  in  view  of  the 
somewhat  complex  nature  of  the  processes,  is  there  any  great 
prospect  that  synthetic  alcohol  could  be  produced  at  a  cost  to 
enable  it  to  compete  with  petrol. 

Production  from  Ethylene.  The  investigations  to  produce  alcohol 
s^mtheticaUy  have  been  based  on  the  use  of  coal  as  the  primary 
raw  material.  The  simplest  case  is  that  in  which  the  ethylene  that 
occurs  in  small  quantities  in  both  coal  gas  and  coke-oven  gas  is 
absorbed  in  sulphuric  acid  containing  suitable  catalysts,  with  the 
subsequent  hydrolysis  of  the  ethyl  sulphuric  acid.  This  process 
has  attracted  the  attention  of  many  investigators. 

During  the  war,  researches  were  undertaken  at  the  Skinningrove 
Iron  and  Steel  Works,  using  the  gas  from  Durham  coal  containing 
approximately  2  per  cent,  by  volume  of  ethylene;  it  would  be  much 
less  than  this,  however,  in  Welsh  coal.  The  yield  of  alcohol  in  these 
experiments  was  about  1  -6  gallons  per  ton  of  coal,  but  in  the  matter 
of  general  stripping,  especially  in  the  case  of  gas  for  heating  and 
illuminating  purposes,  thermal  and  financial  considerations  must 
come  into  play,  so  that  any  material  production  of  alcohol  from 
ethylene  in  this  country  could  not  be  counted  on.  Moreover,  the 
cost  of  recovering  the  diluted  acid  would  make  the  process  un- 
economic. In  order  to  dispense  with  the  use  of  acid,  experiments 
were  carried  out  using  charcoal  as  the  absorbent  and  then  driving  off 
the  ethylene  by  means  of  heat,  but  they  were  unsuccessful. 
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An  ethylene  process  in  which  the  diluted  acid,  after  recovery  of  the 
alcohol,  is  used  for  the  synthetic  manufacture  of  sulphate  of  ammonia 
has  been  worked  out  at  the  coke-oven  works  of  the  Compagnie  des 
Mines  de  Béthune  in  Northern  France,  and  it  is  reported  that  alcohol 
is  being  produced  there  at  the  rate  of  4  tons  (1,100  gallons)  a  day, 
the  yield  per  ton  of  coal  being  10  kg.  (2-7  gallons)  of  95  per  cent, 
alcohol. I"' 

Production  from  Carbide.  The  other  synthetic  process  that  has 
reached  large  scale  production  is  that  in  which  calcium  carbide  is 
the  raw  material.  In  this  process  the  acetylene  produced  by  acting 
on  calcium  carbide  with  water  is  converted  into  acetaldehyde  by 
passing  it  into  sulphuric  acid  containing  a  catalyst,  or  by  the  re- 
action of  steam  and  acetylene  at  a  high  temperature  in  the  presence 
of  a  catalyst.  The  acetaldehyde  produced  is  reduced  to  alcohol  by 
hydrogénation  in  the  presence  of  a  catalyst  or  by  electrolysis. 

It  is  stated  that  one  ton  of  alcohol  (say,  270  gallons)  takes  two 
tons  of  carbide  requiring  some  1 1 ,000  kW.  hours  of  electrical  energy 
to  produce  it.  Even  in  Switzerland  where  cheap  water  power  is 
available,  the  Lonza  Co.,  which  erected  a  plant  for  large  scale  pro- 
duction, was  unable  to  continue  operations  on  a  commercial  basis. 
The  Badische  Anihn  und  Soda  Fabrik  had  plants  at  Ludwigshafen 
and  at  Burghausen  in  Bavaria,  but  it  is  understood  that  there  also 
the  costs  of  production  made  it  impossible  for  the  alcohol  to  com- 
pete in  price  with  petrol. 

The  production  of  sufficient  cheap  carbide  is  impossible  in  this 
country,  so  that  carbide  may  be  ruled  out  as  a  possible  raw  material 
for  the  production  of  alcohol  for  power  purposes  in  Great  Britain. 

Conclusion 

I  have  endeavoured  to  give  a  brief  review  of  the  present  position 
regarding  the  production  of  alcohol  as  a  fuel  for  power  purposes, 
based  on  carefully  ascertained  facts  and  figures. 

I  have  refrained  from  the  general  speculations  and  statements 
so  often  made  concerning  the  approaching  world  shortage  of  petrol 
and  the  possibilities  of  alcohol  as  an  alternative  liquid  fuel  to  be 
produced  from  the  world's  inexhaustible  suppUes  of  vegetable 
matter. 

Whilst  it  may  be  possible  to  produce  alcohol  commercially  from 
vegetable  materials,  where  conditions  are  favourable,  to  meet  com- 
paratively small  local  requirements,  it  is  my  opinion  that  liquid 
fuels  for  internal  combustion  engines  will  continue  to  be  obtained 
from  petroleum,  but  where  there  is  no  indigenous  petroleum  then  we 
must  look  more  and  more  to  coal  as  the  basic  raw  material. 
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ZUSAMMENFASSUNG 

Der  Möglichkeit  der  Herstellung  von  als  Brennstoff  in  Verbrennungskraft- 
maschinen geeignetem  Äthylspiritus  ist  schon  seit  vielen  Jahren  zu  wieder- 
holten Malen  grosse  Aufmerksamkeit  geschenkt  worden,  und  besonders  seit 
dem  Krieg  wird  sie  in  verschiedenen  Ländern  eifrig  erforscht.  Und  zwar: 
erstens,  weil  Spiritus  mit  einfachen  Verfahren  aus  allen  zucker-  und  stärke- 
haltigen Pflanzenstoffen  hergestellt  werden  kann  und  das  erforderliche 
Rohmaterial  somit  überall  vorhanden  und  leicht  zu  beschaffen  und  zu  erneuern 
ist;  zweitens,  weil  sich  Spiritus  bei  zweckmässiger  Verwendungsweise  als 
brauchbarer  Brennstoff  erweist;  drittens,  weil  sich  in  Ländern  ohne  ein- 
heimische Petroleumquellen  das  Bedürfnis  nach  einem  andern  flüssigen 
Brennstoff  einstellt.  Es  ist  bis  heute  allerdings  noch  nicht  gelungen,  Spiritus 
zu  einem  mit  demjenigen  des  Benzins  vergleichbaren  Preis  herzustellen. 

Im  folgenden  seien  einige  in  letzter  Zeit  gezogene  Schlüsse  kurz  zusam- 
mengefasst. 

Als  zucker-  und  stärkehaltige  Ausgangsstoffe  kommen  in  Grossbritannien 
Kartoffeln,  Mangold,  Zuckerrüben  und  amerikanische  Kartoffeln  in  Betracht; 
es  kann  jedoch  keine  dieser  Pflanzen  fur  die  Spiritusgewinnung  weder  in 
genügender  Menge  noch  genügend  billig  gebaut  werden. 

In  Frankreich  wird  Kraftspiritus  aus  Zuckerrüben  und  in  Deutschland  aus 
Kartoffeln  hergestellt,  doch  ist  in  beiden  Ländern  die  erzeugte  Menge  im 
Vergleich  zum  Gesamtverbrauch  an  flüssigen  Brennstoffen  ganz  unerheblich. 

In  den  tropischen  Gegenden  des  britischen  Reiches  können  Kassawen  und 
Süsskartoffeln  gebaut  werden;  in  zuckerbauenden  Ländern  ist  Molasse,  und 
in  den  malayischen  Staaten  und  Britisch-Nordborneo  der  Saft  der  Nipahpalme 
erhältlich.  Alle  diese  bilden  ausgezeichnetes  Rohmaterial  und  es  besteht 
Aussicht,  dass  sie  in  ihren  Erzeugungsländern  zur  Spiritusherstellung  werden 
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verwendet  werden.  In  Natal  wird  aus  Molasse  erzeugter  Spiritus  in  Auto- 
mobilen verwendet. 

Die  Verwendungsfähigkeit  tropischer  Gräser,  Strohe  und  anderer  pflanzlicher 
Abfälle  wurde  unter  der  Leitung  des  "Fuel  Research  Board"  erforscht  und 
in  der  Folge  ein  Verfahren  in  kleinem  Masstab  entwickelt.  Dieses  Verfahren 
muss  erst  noch  in  grossem  Masstabe  an  Orten,  wo  die  Rohmaterialien  zur 
Verfügung  stehen,  erprobt  werden,  bevor  man  über  dessen  Wirtschaftlichkeit 
etwas  sagen  kann. 

Ein  auf  dem  Kontinent  entwickeltes  neues  Verfahren  zur  Erzeugung  von 
Holzzucker  aus  Holzabfällen  soll  eine  dreimal  grössere  Ausbeute  geben  als 
ältere,  vor  und  während  dem  Kriege  in  Amerika  gebrauchte  und  inzwischen 
aufgegebene  Verfahren. 

Die  synthetische  Herstellung  von  Spiritus  unter  Verwendung  des  Äthylens 
der  Gaswerke  und  Koksöfen,  hat  sich  in  England  als  unwirtschaftlich  erwiesen, 
wird  dagegen  in  Frankreich  in  Verbindung  mit  der  synthetischen  Her- 
stellung von  Ammoniumsulfat  in  bescheidenem  Masse  betrieben. 

Die  Gestehungskosten  von  synthetischem  Spiritus  aus  Karbid  sind  selbst  dort, 
wo  billige  Wasserkräfte  zur  Verfügung  stehen,  zu  hoch,  um  mit  dem  Benzin 
konkurrieren  zu  können. 

Die  Betrachtung  der  ganzen  Frage  führt  zum  Schluss,  dass  es  zwar  möglich 
ist,  in  bescheidenem  Masse  unter  günstigen  Umständen  Kraftspiritus  zur 
Befriedigung  örtlicher  Bedürfnisse  herzustellen,  dass  aber  im  allgemeinen 
das  Petroleum  auch  weiterhin  den  Hauptbrennstofi  für  Verbrennungskraft- 
raaschinen  abgeben  wird.  In  Ländern  ohne  eigene  Petroleumquellen  nimmt 
die  Möglichkeit,  flüssige  Brennstofie  aus  Kohle  herzustellen,  dagegen  zu. 
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WEDNESDAY,    SEPTEMBER   26    (MORNING) 

Section  S 

POWER  ALCOHOL 

Chairman — Dr.  F.  S.  Sinnatt 

There  being  only  one  paper  before  this  Section — by  Colonel  Sir 
Frederic  Nathan,  K.B.E.,  on  "Alcohol  for  Power  Purposes"  (S2) — 
no  General  Report  was  prepared,  and  the  Chairman  asked  the  author 
to  present  his  paper. 

Colonel  SirFredericNathan  (Great Britain), presented  asynopsis 
of  his  paper,  in  which  he  said  that  the  possibiHty  of  producing  ethyl 
alcohol  for  use  as  a  fuel  for  internal  combustion  engines  had  received 
attention  at  various  times  for  many  years  past,  and  since  the  war 
had  been  the  subject  of  investigation  in  several  countries.  The 
reasons  for  this  were,  first,  that  alcohol  could  be  made  by  simple 
processes  from  all  vegetable  materials  containing  sugar  or  starch, 
so  that  the  raw  materials  were  available  everywhere  and  were  easity 
renewable;  secondly,  that  it  was  a  satisfactory  fuel  under  suitable 
conditions  of  use;  and  thirdly,  that  there  was  a  strong  desire  in 
countries  where  petroleum  was  not  indigenous  for  an  alternative 
liquid  fuel.  Up  to  now,  however,  it  had  not  been  found  possible 
to  produce  it  at  a  price  comparable  with  that  of  petrol. 

Summarising  his  conclusions,  he  said  that  in  Great  Britain,  potatoes, 
mangolds,  sugar  beets  and  Jerusalem  artichokes  would  be  suitable 
sources  of  starch  and  sugar,  but  none  of  them  could  be  grown  for 
alcohol  production,  either  in  sufficient  quantities  or  at  a  sufficiently 
low  cost. 

Alcohol  for  power  purposes  was  made  in  France  from  sugar  beet 
and  in  Germany  from  potatoes,  but  the  quantities  were  insignificant 
as  compared  with  the  consumption  of  liquid  fuels  in  these  countries. 

In  the  tropical  portions  of  the  Empire,  cassava  and  sweet  potatoes 
could  be  grown;  in  the  sugar-producing  countries,  molasses,  and  in 
Malaya  and  British  North  Borneo,  nipah  palm  juice,  were  available. 
All  were  excellent  raw  materials,  and  there  was  some  likelihood  of 
alcohol  production  from  them  in  the  countries  of  their  production; 
whilst  in  Natal,  alcohol  for  use  in  motor  cars  was  being  produced 
from  molasses. 

The  use,  for  this  purpose,  of  tropical  grasses,  straws  and  waste 
vegetable  materials  had  been  investigated  under  the  direction  of 
the  Fuel  Research  Board,  and,  as  a  result,  a  process  had  been 
developed  up  to  the  semi-technical  scale.  But  the  process  must 
be  worked  on  a  large  scale  at  places  where  the  materials  were  avail- 
able, in  order  to  ascertain  if  it  had  commercial  possibiUties. 
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A  new  process  for  making  wood  sugar  from  waste  wood  had  been 
developed  on  the  Continent,  and  was  said  to  give  yields  at  least 
three  times  as  great  as  the  old  processes  that  were  worked  in  America 
before  and  during  the  war,  but  had  now  been  abandoned. 

Synthetic  alcohol  from  the  ethylene  of  gas  works  and  coke  ovens 
had  been  shown  not  to  be  a  commercial  porposition  in  this  country, 
but  it  was  being  produced  on  a  small  scale  in  France  in  connection 
with  synthetic  sulphate  of  ammonia  manufacture. 

The  cost  of  synthesising  alcohol  from  carbide,  even  where  cheap 
water  power  was  available,  had  proved  to  be  too  high  to  enable  the 
alcohol  to  compete  with  petrol. 

A  consideration  of  the  whole  question  led  to  the  conclusion  that, 
whilst  it  might  be  possible  to  produce  c^lcohol  on  a  small  scale  to 
meet  local  requirements  where  conditions  were  favourable,  petro- 
leum would  continue  to  be  the  main  source  of  liquid  fuels  for  internal 
combustion  engines.  Where,  however,  petroleum  was  not  indi- 
genous, there  was  an  increasing  possibility  that  liquid  fuels  would 
be  derived  from  coal. 

The  production  of  alcohol  for  power  purposes,  said  Sir  Frederic, 
was  from  many  points  of  view  an  attractive  proposition,  but  he 
believed  it  to  be  one  which  had  no  great  future  before  it.  Although 
alcohol  could  be  produced  from  practically  all  vegetable  materials, 
the  quantities  per  unit  of  raw  material  were  very  small,  so  that  in 
order  to  obtain  an  appreciable  quantity  of  alcohol  a  very  large 
amount  of  raw  material  would  be  required.  In  many  cases,  even 
though  the  raw  material  might  be  obtained  for  nothing,  the  cost 
of  transporting  that  raw  material  to  a  place  at  which  it  could  be 
dealt  with  would  far  outweigh  the  price  obtained  for  the  alcohol 
for  use  for  power  purposes.  In  view  of  this  and  of  the  fact  that 
alcohol  had  to  compete  with  petrol,  it  was  impossible  to  spend  very 
much  on  any  processes  for  its  production,  which  rendered  its 
availability  for  power  purposes  unlikely  except  in  exceptional 
circumstances. 

Dr.  G.  Egloff  (U.S.A.),  referred  to  a  new  development  in  the 
United  States,  by  which  fermentation  gases — largely  carbon 
dioxide  and  hydrogen — were  synthesised  by  high  pressure  into 
alcohol.  He  believed  that  something  like  30  tons  of  alcohol  per  day 
was  being  made  from  the  heretofore  waste  gases  from  the  fermenta- 
tion of  beet  sugars.  There  was  a  vast  amount  of  experimentation 
in  the  United  States  in  connection  with  the  making  of  alcohols 
synthetically,  and  very  many  of  the  processes  were  at  present 
laboratory  curiosities.  At  the  same  time,  about  5,000  gallons  of 
isopropyl  alcohol,  used  for  solvents  in  the  various  arts,  were 
being  produced  daily  from  the  gases  resulting  from  the  cracking 
process.  Twenty  years  ago,  in  St.  Louis,  and  he  believed  also  in 
Bohemia,  ethyl  alcohol  was  produced  from  the  ethylene  present 
in  cracked  acids.  The  fermentation  process  was  much  cheaper. 
The  special  alcohols,  such  as  isopropyl,  butyl  and  isobutyl  alcohols, 
had  been  and  were  still  being  produced  commercially  in  the  United 
States  for  various  solvent  uses.     Other  alcohols,  such  as  the  glycols, 

1273 


POWER  ALCOHOL 

were  produced  from  the  cracking  of  natural  gas  specifically  to  pro- 
duce ethylene,  the  latter  being  synthesised  into  the  double  alcohol. 
That  was  sold  in  vast  quantities  in  the  States,  not  only  for  solvent 
uses,  but  also  as  an  anti-freezing  agent,  replacing  glycerine  and 
other  liquids,  to  prevent  radiator  water  from  freezing  in  cold  weather. 
Plants  were  being  built  all  over  the  country  in  an  endeavour  to 
supply  the  demands  of  the  automobile  industry.  The  Dr.  A.  Little 
Co.,  of  Boston,  had  a  plant  at  Tiverton  making  unsaturated  hydro- 
carbon gas  in  order  to  produce  the  various  alcohols  useful  for 
solvent  purposes,  ethyl  alcohol  being  the  least  desirable  one  at  this 
stage  of  the  development  of  demand  in  the  United  States. 

Mr.  S.  Irwin  Crookes  (New  Zealand)  drew  attention  to  New 
Zealand  Flax  (Phormiun.  ■  tenax)  as  a  possible  raw  material  for 
the  production  of  power  alcohol.  It  was  used,  he  said,  for  producing 
a  fibre  for  the  manufacture  of  twine  and  various  kinds  of  rope.  The 
plant  was  very  prolific  and  grew  in  enormous  quantities,  and  in  the 
production  of  the  fibre  for  making  twine  or  rope  only  one-eighth 
part  of  it  was  used;  i.e.,  out  of  every  eight  tons  of  leaf  collected, 
only  one  ton  was  used  for  fibre  production.  Thus,  there  remained 
seven  tons  of  raw  material  out  of  every  eight  tons  collected,  which 
would  probably  be  available  at  some  time  in  the  future  for  power 
alcohol  production.  In  this  connection  he  pointed  out  that  New 
Zealand  had  to  import  its  petrol  and  other  power  fuels  at  present. 
The  New  Zealand  flax  grew  to  a  height  of  eight  feet,  and  had  large 
leaves;  it  could  be  cut  down  to  the  roots,  but  it  regenerated  every 
four  years,  so  that  its  growth  could  be  controlled  with  a  view  to 
obtaining  a  continuous  crop. 

Colonel  Sir  Frederic  Nathan  (Great  Britain),  replied  that  New 
Zealand  flax  was  one  of  the  many  growths  investigated  with  a  view  to 
power  alcohol  production.  The  yield  of  alcohol  was  very  small — he 
believed  about  ten  gallons  per  ton  of  material — and  although  the 
plant  was  prolific  in  New  Zealand,  it  was  not  of  world-wide  occur- 
rence. In  order  to  produce  any  appreciable  quantity  of  alcohol, 
enormous  quantities  of  the  raw  material  would  be  needed,  and  the 
cost  of  collection  and  handling  of  the  waste  from  the  scrutching 
mills  would  prohibit  any  possibility  of  its  being  produced  at  a  price 
at  which  it  would  compete  with  petrol. 

The  meeting  of  the  section  then  closed. 
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Ti     THE  TRAINING  OF  FUEL  ENGINEERS  IN  AUSTRIA. 
T3     THE  TRAINING  OF  FUEL  TECHNOLOGISTS. 


THE    NUMBERS    ARE    THOSE    GIVEN    TO    EACH    PAPER 
FOR    USE    AT    THE    FUEL    CONFERENCE 


DIE  AUSBILDUNG  VON  HEIZTECHNIKERN  IN 
ÖSTERREICH 

(the   TRAINING    OF   FUEL   ENGINEERS    IN    AUSTRIA) 

AUSTRIAN    NATIONAL    COMMITTEE,    WORLD    POWER    CONFERENCE 

PROF.    W.    J.    MÜLLER 

Paper  No.  Tl 

CONTENTS 

HISTORICAL — TECHNICAL      HIGH      SCHOOL     OF     VIENNA — KARLSRÜHE 

HIGH    SCHOOL 
RÉSUMÉ 

Ein  spezieller  Ausbildungsgang  für  Heiztechniker  bestand  bis  vor 
wenigen  Jahren  nirgends.  Eine  Ausbildung  in  dieser  Richtung 
wurde  mehr  nebenher,  bei  der  Ausbildung  von  Hüttenleuten 
mancherorts  gegeben. 

Die  Initiative  des  verstorbenen  Hofrat  Strache,  der  durch  seine 
vielseitige,  praktische  Betätigung  in  der  Gas-  und  Feuerungsin- 
dustrie das  Bedürfnis  einer  derartigen  Spezialausbildung  schon 
frühzeitig  erkannte,  führte  an  der  Technischen  Hochschule,  Wien, 
zur  Errichtung  der  Abteilung  für  Feuerungs-  und  Gastechnik  in 
dem  Studienjahre  1920/21. 

Das  Ziel  dieser  seinerzeit  in  Fachkreisen  vielfach  besprochenen 
Neugründung  war,  einem  überaus  dringenden  Bedürfnis  der 
Industrie  nach  wissenschafthch  ausgebildeten  Wärmetechniken! 
nachzukommen,  während  solche  bisher  erst  aus  längerer  und 
mühsamer  Praxis  hervorgingen  und  nicht  immer  dieses  so  umfang- 
reiche Gebiet  in  dem  nötigen  Masse  beherrschten. 

Wie  mnf angreich  das  Gebiet  ist,  welches  ein  ausgebildeter  Feue- 
rungs- und  Gastechniker  auf  Grund  seiner  akademischen  Ausbildung 
beherrschen  muss,  lässt  sich  am  besten  dadurch  illustrieren,  wenn 
wir  die  Industriezweige  anführen,  welche  Feuerungs-  und  Gastech- 
niker benötigen  und  daher  auch  Unterkunftsmöglichkeiten  für  die 
absolvierten  Hörer  bieten. 
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Die  modernen  Brennstoffaufbearbeitungs-,  Veredlungs-  und  Ver- 
flüssigungsverfahren machen  den  Brennstofftechniker  im  Kohlen- 
bergbau nötig.  Ebenso  wie  die  Kohlenerzeuger  sind  auch  die 
Kohlengrossverbraucher  anzuführen,  z.B.  Kraftzentralen  (Elek- 
trizitätswerke und  Dampfzentralen),  Hüttenwerke,  keramische 
Industrien,  u.s.w.  Die  Verwendung  des  Wärmetechnikers  als 
Konstrukteur  ist  bei  verwandten  Industrien,  wie  Industrieofenbau, 
Dampf  kesselbaufirmen,  wärmetechnischen  Apparatebauanstalten 
gegeben.  Als  Erzeugungsstätten  für  flüssige  Brennstoffe  sind 
Raffinerien  und  Kohlenverflüssigungsanlagen  anzureihen. 

Ein  weiteres,  umfangreiches  Industriegebiet  ist  die  gesamte 
Gasindustrie  und  lassen  sich  erwähnen:  Gaswerke,  Gasofen-. 
Gaserzeuger-  und  Gasapparatebaufirmen.  Auch  auf  dem  Gebiete 
der  Gesundheitstechnik  (Heizungs-  und  Lüftungswesen)  wie  in  der 
Kälteindustrie  wird  der  aus  der  genannten  Abteilung  hervorgegan- 
gene Wärmetechniker  mit  Erfolg  verwendet  werden. 

Trotzdem  eine  Anstellung  ausserhalb  der  Landesgrenzen  unseres 
Staates  wegen  der  von  den  Auslandsstaaten  vielfach  gemachten 
Schwierigkeiten  nahezu  unmöghch  ist  und  hier  im  Lande  ein 
Ueberschuss  an  akademisch  gebildeten  Technikern,  insbesondere 
Chemikern  und  Maschinenbauern,  herrscht,  haben  75  %  aller 
bisherigen  Absolventen  der  Abteilung  für  "Feuerungs-  und  Gas- 
technik an  der  Technischen  Hochschule  in  Wien  '  '  Anstellung  gefunden . 

Der  Lehrgang  wurde  im  Laufe  der  Jahre  mehrfachen  Aenderungen 
unterzogen,  welche  hauptsächlich  dadurch  begründet  waren,  dass 
den  Bedürfnissen  der  Praxis  in  diesem  Ausbildungsgange  möglichst 
weitgehend   Rechnung  getragen  wird. 

Richtunggebend  für  den  Aufbau  des  Lehrganges  zur  Heranbildung 
von  Gas-  und  Feuerungstechnikern  waren,  wie  schon  angedeutet, 
die  Bedürfnisse  der  Praxis.  Der  mit  der  Industrie  in  Verbindung 
stehende  Feuerungstechniker  soll  sowohl  in  der  Konstruktion  von 
Anlagen,  wie  auch  in  der  richtigen  Dimensionierung  durch  ent- 
sprechende Vorausberechnung  der  Belastungsfaktoren  u.s.w. 
seine  Aufgabe  zu  erfüllen  in  der  Lage  sein. 

Nur  in  seltenen  FäUen  wird  er  aber  rein  feuerungstechnisch  sich 
betätigen  können,  sondern  wird  auch  ein  entsprechendes  Ver- 
ständnis diesem  und  jenem  Industriezweig  entgegenbringen  müs- 
sen. Da  eben  die  Feuerungstechnik  nicht  immer  Selbstzweck  sein 
wird,  wie  dies  besonders  für  Klein-  und  Mittehndustrie  gilt, 
sondern  die  feuerungstechnischen  Fragen  in  innigem  Kontakt 
mit  dem  chemisch-technologischen  Fabrikationsprozess  stehen, 
wird  es  sich  als  zweckmässig  erweisen,  dass  die  Ausbildung  von 
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Feuerungstechnikem  in  Verbindung  mit  der  Ausbildung  des 
technischen  Chemikers  gehalten  wird. 

Es  sind  demnach  bei  Beginn  der  Ausbildung  des  Feuerungs- 
technikers Disziplinen  in  dem  Lehrplan  vorgesehen,  welche  ihm 
eine  gute  theoretische  Grundlage  hefem  sollen,  wie  z.B.  Mathe- 
matik, darstellende  Geometrie,  Enzyklopädie  der  Mechanik,  all- 
gemeine Chemie,  Mineralogie,  Physik  und  physikalische  Chemie. 

In  den  späteren  Jahrgängen  erhält  der  Lehrplan  eine  mehr  tech- 
nische Richtung. 

Es  werden  dann  Uebungen  abgehalten  in  technischer  Analyse, 
Enzyklopädie  der  Elektrotechnik,  eventuell  technische  Elektro- 
chemie, dann  Vorlesungen  und  Uebungen  über  Technologie  der 
Brennstoffe,  Uebungen  im  Maschinenzeichnen,  Vorlesungen  und 
Konstruktionsübungen  im  Bau  von  Feuerungsanlagen  und  Gas- 
apparaten, Vorlesungen  über  Heizung  und  Lüftung  und  Rechen- 
übungen aus  dem  Gebiete  der  Feuerungstechnik.  Endlich  sind  noch 
in  Bezug  auf  die  Gasbeleuchtung  Vorlesungen  über  Beleuchtungs- 
industrie vorgesehen. 

Die  Stoffeinteilung  ist  derart  getroffen,  in  den  ersten  beiden  Jahren 
die  allgemeinen  wissenschaftlichen  Grundlagen  zu  schaffen,  auf 
welchen  sich  eine  gedeihliche  Bearbeitung  der  speziellen  Aufgaben 
ermöglicht,  wofür  das  3.  bis  5.  Studienjahr  vorgesehen  ist. 

Dieser  Unterbau  ist  von  der  Ausbildung  eines  technischen  Chemi- 
kers nur  dadurch  unterschieden,  dass  auf  die  vorbereitenden 
Fächer  für  Maschinentechnik  ein  grösserer  Wert  gelegt  wird, 
was  dadurch  begründet  ist,  dass  eben  für  die  spezielle  Ausbildung 
als  Feuerungs-  und  Gastechniker  sich  eine  weitergehende  Vertraut- 
heit mit  maschinentechnischen  und  konstruktiven  Problemen  als 
notwendig  erweisen,  als  dies  für  die  technischem  Chemiker  der  Fall 
ist. 

Die  Entwicklung  ist  bisher  so  gewesen,  dass  entsprechend  den 
Bedürfnissen  der  Praxis  gerade  auf  diesen  Zweig  der  Ausbildung  ein 
ganz  besonderer  Wert  gelegt  wird. 

In  den  weiteren  Jahren  werden  Vorlesungen,  Laboratoriums- 
übungen und  Rechenübungen  der  speziellen  Technologie  der 
Brennstoffe  sowie  der  Feuerungstechnik,  welche  hauptsächlich 
im  4.  Jahre  gelehrt  wird,  abgehalten. 

Das  9.  Semester  ist  von  Vorlesungen  beinahe  vollständig  frei 
gehalten  und  dient  hauptsächlich  zur  Vertiefung  der  praktischen 
Arbeiten  im  Laboratorium  und  soll  evtl.  noch  zur  Erweiterung 
praktischer  Konstruktionsübungen  verwendet  werden. 

Wie  eingangs  gesagt,  hat  sich  dieser  Studiengang  insofern  als  sehr 
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gut  bewährt,  als  die  Praxis  die  Absolventen  dieser  Fachabteilung 
in  steigendem  Masse  aufnimmt. 

Um  auch  den  in  der  Praxis  stehenden  Ingenieuren  und  Betriebs- 
beamten, welche  sich  mit  Wärmewirtschaft  und  Feuerungstechnik 
zu  befassen  haben,  Gelegenheit  zu  einer  Weiterbildung  auf  diesen 
Gebieten  zu  geben,  wurden  in  Gemeinschaft  mit  der  Gesellschaft 
für  Wärme  wir  tschaft,  Wien,  mehrere  Wärmewirtschaftskurse  für 
Betriebsbeamte  veranstaltet,  welche  im  wesentHchen  aus  einem 
theoretischen  und  einem  praktischen  Teile  bestanden.  Beide 
Teile  wurden  im  Ausmass  von  je  etwa  30  Vortrags-  bezw.  Arbeits- 
stunden als  einwöchige  Tageskurse  oder  als  mehrwöchige  Abend- 
oder Samstagkurse  durchgeführt.  Die  theoretischen  Kurse  wiesen 
Vorträge  über  Brennstoff-  und  Feuer ungskun de,  Wärmebilanzen, 
Dampfkesselanlagen,  Speisewasser-Bereitung,  Leitimg,  Umformung 
und  Reinigung  von  Dampf,  Wärmekraftmaschinen,  Wärmever- 
brauch für  industrielle  Fabrikationszwecke,  Raumheizung,  wärme- 
technische Messungen,  Abfallenergieverwertung  u.s.w.,  femer  auch 
Werksbesuche,  auf.  Die  Vorträge  wurden  teils  von  Lehrkräften  der 
Hochschule,  teils  von  Ingenieuren  der  Praxis  abgehalten.  Die 
praktischen  Kurse  wurden  im  Brennstofflaboratoriimi  der  Hoch- 
schule unter  Anleitung  von  Assistenten  durchgeführt.  Ihr  Arbeits- 
programm umfasste:  Probenahme  von  Brennstoffen,  einfache 
Untersuchungsverfahren  für  feste,  flüssige  und  gasförmige  Brenn- 
stoffe, Ueberprüfung  und  Eichung  verschiedener  Arten  von  wärme- 
technischen Messgeräten,  praktische  Durchführung  einer  Wärme- 
bilanz an  einer  einfachen  Feuerung. 

Die  starke  Beteiligung  an  diesen  Kursen,  welche  fallweise  abgehalten 
und  den  Anforderungen  der  Praxis  in  steigendem  Masse  angepasst 
werden,  beweist,  dass  die  in  der  Praxis  stehenden  Ingenieure  auf 
eine  Weiterbildung  auf  den  genannten  Gebieten  grossen  Wert  legen. 

RÉSUMÉ 

The  large  scale  manufacturers  of  chemicals  have  during  the  past  two  decades 
shown  an  increasing  interest  in  obtaining  high  thermal  efficiencies  in  their 
works.  The  post-war  economic  conditions  have  caused  this  interest  so  to 
increase  that  the  imperative  necessity  has  arisen  of  training  engineers  with 
a  special  aptitude  in  connection  with  technical  heating  problems. 

During  the  past  few  years  observation  of  the  methods  of  training  fuel 
engineers  has  demonstrated  the  need  for  many  changes  in  the  instructional 
scheme  of  this  branch.  The  present  attitude  is  that  neither  at  the 
Technical  University  of  Vienna  nor  at  the  University  of  Karlsruhe  has  the 
training  of  fuel  engineers  proved  successful.  Experience  has  shown,  on  the 
contrary,  that  a  successful  training  can  only  be  ensured  by  linking  up  with 
either  the  chemical  or  the  engineering  departments. 
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Whilst,  therefore,  the  University  of  Karlsruhe  is  striving  to  train  fuel 
engineers  on  an  engineering  basis,  at  Vienna  the  tendency  is  to  train  the 
men  with  particular  regard  to  chemical  knowledge.  This  scheme  is  also 
justified  from  the  standpoint  of  local  economy,  the  small  territory  of  Austria 
not  making  it  possible  to  employ  an  engineer  exclusively  on  fuel  matters. 
The  Austrian  conditions  provide  for  the  fuel  engineer  working  in  constant 
contact  with  the  manufacturing  process. 
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Any  consideration  of  the  present  and  particularly  the  future  of  the 
fuel  industries  inevitably  raises  the  question  as  to  how  far  there 
exists,  and  will  exist,  a  corps  of  trained  men  in  those  industries, 
competent  to  carry  through  the  coming  developments  and  to 
establish  them  on  the  lines  of  sound  industrial  practice.  It  has 
to  be  borne  in  mind  that  these  developments  will  be  along  scientific 
lines,  and  that  whilst  the  gas  industry  and  the  coke-oven  industry' 
are  established,  the  methods  of  training  for  the  supply  and  renewal 
of  their  technical  staffs  have  been  largely  traditional  and  empiric, 
and  lack  the  scientific  basis  that  is  so  important  for  development 
within  their  own  bounds  and  even  more  vitally  necessary  for  such 
excursions  into  the  unknown  as  undoubtedly  lie  beyond.  I  am 
going  to  assume  that  scientific  training  will  be  necessary  for  those 
who  are  to  take  responsible  positions  in  the  future  in  the  fuel  indus- 
tries, and  discuss  rather  the  nature  of  the  training  than  the  question 
of  its  desirability.  In  doing  this  it  is  with  no  intention  of  decrying 
the  value  of  industrial  experience,  which  is  essential  before  a  man 
can  claim  to  have  been  completely  trained,  but  simply  take  it  for 
granted  that,  if  experience  is  going  to  raise  a  sufficiently  stable 
structure,  it  can  best  be  done  by  laying,  to  begin  with,  a  sound 
foundation  of  scientific  knowledge.  What  should  be  put  into  that 
foundation,  and  how  it  can  best  be  laid,  is  open  for  discussion. 

Many  conversations  with  people  of  many  types  have  brought  it 
home  to  me  that  there  is  as  yet  no  consensus  of  opinion  as  to  what  is 
the  most  useful  kind  of  training  for  the  fuel  technologist.  There  are 
various  reasons  for  this.  To  begin  with,  in  the  past,  fuel  technology 
as  a  profession  has  been,  except  in  the  ranks  of  the  gas  engineers, 
practically  unknown,  and  special  training  for  it  as  a  branch  of 
applied  science  has  been  given  to  comparatively  few,  and  that  only 
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in  recent  years.  From  the  general  public,  and  from  those  who  are 
seeking  entry  to  a  profession,  its  opportunities  are  not,  even  to-day, 
receiving  anything  like  adequate  appreciation.  One  consequence 
is  that  hardly  any  fuel  technologists  of  to-day  have  entered  deliber- 
ately upon  a  course  of  training  in  fuel  in  the  same  sense  as  a  medical 
man  enters  upon  a  course  in  medicine.  There  have,  instead,  been 
many  methods  of  approach:  through  chemistry, mechanical  engineer- 
ing and  the  general  training  of  works  experience.  The  opinions  of  a 
fuel  technologist  of  established  position  are  apt  to  bear  a  personal 
bias,  more  or  less  strong  according  to  the  individual,  in  favour  of 
the  kind  of  training  which  he  has  himself  received.  A.  was  trained 
as  a  chemist  and  is  fully  alive  to  the  importance  of  chemistry,  par- 
ticularly the  branch  of  chemistry  in  which  he  specialised.  His 
mental  twin-brother  B.  left  school  and  entered  a  works.  He  is  fully 
convinced  that  the  only  training  leading  to  a  really  thorough  know- 
ledge of  the  industry  is  that  obtained  by  becoming  saturated  in 
early  years  with  a  knowledge  of  detailed  practice.  The  mind  which 
can  eliminate  this  bias  entirely  is  rare,  and  perhaps  we  can  only 
ask  that  such  bias  should  be  restrained. 

Another  reason  why  certain  methods  of  training  may  be  considered 
to  be  better  than  others  arises  from  the  width  of  the  subject,  and 
the  fact  that  there  is  room  within  it  for  a  number  of  specialists  who 
have  necessarily  received  different  trainings.  The  thorough  in- 
vestigation of  a  low-temperature  tar  can  only  be  undertaken  satis- 
factorily by  a  highly-trained  organic  chemist.  The  problem  of  gas 
distribution  over  long  distances  and  wide  areas  is  primarily  one 
of  engineering.  The  decision  as  to  the  comparative  value  of  two 
types  of  carbonisation  plant  is  outside  the  range  of  either,  but  each 
of  these  specialists  has  his  place  in  the  industry  somewhere;  which 
means  that  the  fuel  industries  will  have  to  continue  to  draw  upo  ■ 
men  trained  in  many  ways  and  many  schools.  This  does  not  relieve 
us  from  the  necessity  of  coming  to  a  decision  as  to  whether  it  is  not 
possible  to  provide  a  training  suitable  for  the  majority  of  entrants 
into  the  fuel  industries  who  are  prepared  at  the  beginning  to  make 
their  choice  of  fuel  technology  as  a  profession,  and  wish  to  make 
the  best  use  of  their  time  at  the  University  for  the  purpose  of 
preparation. 

A  comparatively  easy  way  of  solving  that  problem  (and  a  number 
of  similar  problems  in  professional  education)  is  to  say:  let  it  be 
done  by  taking  a  degree  course  of  the  accepted  type,  for  example, 
an  honours  degree  in  chemistry  or  engineering,  and  superpose  upon 
that  an  additional  period  of  training  in  the  more  specialised  work  of 
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the  fuel  industries.  There  is  something  to  be  said  for  this.  In  a 
number  of  cases  I  have  seen  it  prove  quite  a  success,  and  in  my  own 
department  at  the  University  of  Leeds  there  are  regulations  making 
it  quite  practicable  to  follow  this  method.  I  have  not  found  that 
it  introduces  necessarily  any  fatal  one-sidedness.  If  the  first 
graduate  course  has  been  in  chemistry  in  one  case  and  in  engineering 
in  another,  there  will  undoubtedly  be  a  difference  in  mental  equip- 
ment even  at  the  end  of  the  specialised  course;  but  as  I  have  pointed 
out,  there isroomforsuch differences, and  thespecial  equipment  of  one 
or  the  other  may  be  definitely  preferred  and  indeed  specified  by  an 
employer  recruiting  his  staff.  He  may  have  in  mind  particularly 
the  following  up  of  new  processes  in  the  laboratory  requiring  prim- 
arily the  faculty  for  laboratory  research.  He  may  have  more 
particularly  in  mind  the  actual  running  of  experimental  plant 
on  the  smaU  works  scale,  or  a  careful  study  of  detail  in  the  design 
or  working  of  plant  already  estabhshed  on  the  fuU  working  scale. 

There  is,  however,  one  difficulty  of  an  essentially  practical  kind 
which,  to  my  mind,  places  this  training  of  a  science  degree  plus 
special  training  in  fuel  out  of  court  as  a  general  solution  of  the 
problem.  This  difficulty  is  that  such  a  training  must  increase  the 
necessary  expenditure  both  of  time  and  money.  It  is  good  for 
the  few,  among  whom  may  be  some  of  the  best,  but  is  not  generally 
apphcable. 

It  is  necessary  to  bear  in  mind  that  complete  professional  equip- 
ment and  competence  in  any  case,  wiU  require  some  years  of  works 
experience.  This  is  particularly  the  case  with  men  who  are  not 
looking  forward  to  a  life  of  research  work  in  the  laboratory,  but  are 
aiming  at  executive  positions  of  one  kind  and  another  in  industry. 
Such  men  wiU  form  a  corps  of  executive  officers  who  wiU  give 
practical  and  commercial  effect  to  all  laboratory  discoveries.  It 
is  quite  good,  and  indeed  essential,  to  provide  a  corps  of  research 
chemists  and  experimentalists;  but  if  an  industry  is  to  be  really 
progressive  and  efficient,  the  managers  and  under-managers  and 
contractors  must  have  a  high  measure  of  scientific  competence  in 
order  to  deal  sympathetically  and  effectively  with  the  results  of 
smaU  scale  work,  and  translate  them  into  practical  success  on  the 
full  working  scale.  Moreover,  it  is  to  be  remembered  that,  for  the 
great  bulk  of  executive  officers,  it  is  not  advisable  to  delay  too  long 
their  entry  into  the  works  atmosphere  which  they  intend  to  breathe 
for  the  rest  of  their  Hves.  Too  long  a  university  course  may  produce 
an  attitude  of  mind  too  rigid  for  works  requirements  and  may 
destroy  that  capacity  for  making  decisions  on  grounds  that  are 
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not  quite  adequate  in  the  scientific  sense,  which  is  so  valuable  a 
part  of  the  equipment  of  the  best  type  of  manager. 

In  the  University  of  Leeds,  we  have  now  had  considerable  experi- 
ence with  the  course  of  training  which  aims  at  preparing  a  man 
in  three  or  four  years  for  entry  into  the  fuel  industries.  In  the  first 
year,  chemistry,  physics,  mathematics  and  general  engineering  are 
studied,  with  one  hour  a  week  on  fuel  to  introduce  him  to  the 
subject  and,  more  particularly,  to  his  teachers.  In  the  second 
year,  chemistry  and  engineering  are  carried  further,  but  about  half 
the  time  is  given  to  fuel  work.  The  third  year  is  entirely  given  up 
to  fuel.  Of  course,  it  will  be  quite  understood  that  fuel  as  a  subject 
of  university  study  really  involves  the  advanced  study  of  chemistry, 
physics  and  other  subjects,  in  which  a  selection  is  made  of  those 
portions  of  the  sciences  which  have  found  or  seem  likely  to  find 
application  to  fuel  problems,  illustrations  being  drawn  from  these 
practical  applications.  A  subject  like  chemistry  is  now  so  wide 
that,  unless  a  student  is  to  be  over-burdened  with  masses  of  mere 
information,  some  selection  has  to  be  made.  It  is  usually  made 
by  the  teacher  of  chemistry,  to  a  considerable  extent,  on  his  own 
interests  and  preferences.  In  the  case  of  a  fuel  student  the  selection 
is  made,  as  described  above,  primarily  on  a  professional  basis,  and 
the  exclusion  of  less  relevant  matter  makes  it  possible,  we  beheve, 
to  give  far  more  adequate  and  educational  treatment  to  the  rest. 
The  physics  and  chemistry  of  gases,  p5n:ometry,  calorimetry,  the 
study  of  thermal  efficiency  in  its  numerous  applications,  the  study 
of  refractory  materials  and  the  principles  involved  in  their  use  are 
all  obviously  useful  in  this  connection.  There  remains  quite 
sufficient  scope  for  the  individuaUty  of  the  teacher,  which  is  indeed 
fully  exercised  in  so  new  a  subject  of  university  study. 

In  the  laboratory  the  same  principle  of  selection  is  followed,  and 
a  technique  is  learned  appHcable  to  fuel  work,  which  for  reasons 
of  time  apart  from  other  considerations,  it  is  not  possible  to  acquire 
in  a  more  general  scientific  course,  although  the  principles  and 
practice  of  that  technique  are  fundamentally  scientific. 

Lecturers  from  outside,  who  are  in  day  to  day  contact  with  the 
most  advanced  practice,  give  short  courses  of  lectures  on  chosen 
subjects.  The  students  are  brought  into  touch  with  these  outside 
lecturers  and  also  with  the  research  staff  and  their  doings.  A 
colloquium  is  held  once  a  week  to  give  some  training  to  the  students 
in  the  art  of  exposition  and  discussion.  The  student  is  required 
to  spend  two  out  of  three  months  in  every  long  vacation  in  works. 
He  learns  something  there  of  works  operations  and  becomes  familiar 
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with  the  works  atmosphere.  In  the  first  year,  it  is  usually  a  general 
engineering  works,  but  afterwards  a  gasworks,  coke-oven  plant  or 
similar  establishment  which  is  selected.  The  temporary  connection 
so  formed  is  sometimes  renewed  in  a  more  permanent  form  when 
the  student's  course  is  complete,  and  it  is  always  useful. 

The  B.Sc.  pass  degree  is  taken  at  the  end  of  the  third  year,  and 
many  students  leave  at  that  time,  particularly  if  they  are  seeking 
executive  rather  than  research  positions.  Approved  students  are 
admitted  to  a  fourth  year,  during  which  they  undertake  some  piece 
of  research  work  under  supervision,  submitting  a  thesis  upon  it  at  the 
end  of  the  year  for  the  honours  degree.  This  fourth  year  we  regard 
as  essential  for  the  man  who  intends  to  specialise  on  the  chemical 
side. 

I  have  given  this  brief  description  in  order  to  illustrate  the  kind 
of  training  which  appears  to  me  to  be  suitable  for  entrance  to  the 
fuel  industry,  making,  however,  no  exclusive  claims  for  it.  The 
results  so  far  obtained  have  been  of  a  very  encouraging  nature. 

I  have  considered  rather  fully  the  training  for  responsible  positions 
as  fuel  technologists  of  men  who  can  take  (as  I  think  they  ought 
to  take  in  the  present  and  will  have  to  take  in  the  near  future)  a 
university  training  before  being  regarded  as  thoroughly  equipped 
for  entry  upon  their  life's  work.  There  are,  however,  many  men 
in  the  industry  to  whom  important  work  must  be  committed,  for 
whom  such  training  need  not  be  considered  because  it  is  impractic- 
able. It  is  quite  true,  I  think,  that  the  management  of  processes 
on  the  large  scale  will  come  to  lie  more  and  more  with  men  who 
have  received  that  training,  and  that  it  will  be  found  sound  com- 
mercial policy  to  secure  such  process  managers  by  adequate  treat- 
ment, both  as  regards  status  and  remuneration,  but  the  place  for 
the  foreman  and  the  skilled  workman  will  remain.  The  training 
of  these  grades  is  to  be  considered,  bearing  in  mind  that  for  the  time 
being  it  includes  many  assistant  managers  and  others.  I  cannot 
claim  first-hand  experience  of  this  branch  of  education,  and  there- 
fore prefer  to  say  very  little  about  it. 

The  Institution  of  Gas  Engineers  along  with  the  Board  of  Educa- 
tion, has  formulated  in  this  country  an  education  scheme,  with  Mr. 
F.  W.  Goodenough  as  chairman,  which  is  in  working  order.  It  aims 
at  providing  training,  mainly  through  evening  classes,  at  approved 
technical  schools,  in  the  subjects  of  gas  engineering  and  gas  supply, 
some  centres  having  approved  major  courses  in  gas  subjects  and 
others  approved  minor  group  courses  in  gas  supply  practice  and 
approved  courses  in  gas  fitting.     The  holding  of  examinations  and 
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the  issue  of  certificates  forms  part  of  the  scheme.  It  is  claimed 
that  the  existence  of  the  scheme  has  led  to  a  detailed  consideration 
of  the  education  problem  by  many  who  had  previously  taken  only 
a  general  interest  in  the  subject,  and  that  by  enlisting  local  effort 
in  the  adoption  and  working  of  the  scheme  in  each  district,  it  has 
stimulated  direct  and  persistent  effort.  Employers  are  asked  to 
facilitate  the  attendance  of  their  employees  at  such  courses. 

My  own  impression,  and  I  would  not  claim  for  it  any  other  descrip- 
tion, is  that  much  may  be  done  in  this  direction  by  s^nnpathetic 
treatment,  which  is  particularly  called  for  in  the  case  of  employees 
who,  while  interested  in  their  work,  have  no  aptitude  for  the  formali- 
ties of  learning,  and  who  can  only  be  expected  to  see  the  beauties  of 
science  through  the  immediate  practical  applications  with  which 
they  are  familiar, 

ZUSAMMENFASSUNG 

Jede  Betrachtung  der  Gegenwart  und  besonders  der  Zukunft  der  Brennstoff- 
industrie führt  mit  Notwendigkeit  zur  Frage,  bis  zu  welchem  Grad  ein  Stamm 
geschulter  Leute  besteht  oder  bestehen  wird,  die  fähig  sind,  Fortschritte 
durchzuführen  und  sie  im  Sinne  gesunder  industrieller  Entwicklung  auszu- 
bauen. Der  Verfasser  ist  der  Ansicht  dass  für  diejenigen,  die  dazu  berufen 
sind,  künftig  verantwortungsvolle  Stellen  in  der  Brennstofhndustrie  einzuneh- 
men, wissenschaftliche  Ausbildung  nötig  ist;  dabei  bespricht  er  mehr  die  Art 
der  Ausbildung  als  die  Frage  ihrer  Wünschbar keit.  Bis  heute  stimmten  die 
Ansichten  darüber  noch  nicht  überein,  was  eigentlich  die  beste  Ausbildung 
für  den  Brennstofitechniker  ist.  Der  Verfasser  beschreibt  auch,  welche 
Ausbildung  ihm  für  den  Eintritt  in  die  Brennstoffindustrie  am  günstigsten 
scheint,  ohne  seine  Ansicht  jedoch  als  alleingültig  hinstellen  zu  wollen. 

Die  "Institution  of  Gas  Engineers"  und  das  "Board  of  Education"  haben 
zusammen  ein  Erziehungsprogramm  für  Grossbritannien  ausgearbeitet,  das 
gegenwärtig  in  Kraft  besteht.  Dieses  Programm  strebt  hauptsächlich  danach, 
in  anerkannten  technischen  Schulen  Abendkurse  über  Gastechnik  und  Gas- 
versorgung abzuhalten.  Das  Abhalten  von  Prüfungen  und  die  Abgabe 
von  Zeugnissen  gehört  ebenfalls  in  den  Rahmen  des  Programms.  Es  wird 
behauptet,  dass  das  Programm  schon  viele,  die  sich  für  die  Frage  der  Erzie- 
hung der  Heiztechniker  nur  aus  der  Ferne  interessierten,  dazu  gebracht  hat, 
sich  eingehend  damit  zu  befassen. 
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RÉSUMÉ 

I— ALLGEMEINER  ÜBERBLICK 

Vorbemerkung:  Im  folgenden  verweisen  die  in 
Klammern  angegebenen  arabischen  Ziffern  auf 
die  entsprechende    Nummer   der   Liste,  Teil  II 

Anfänge. — Bis  zum  Ende  des  vorigen  Jahrhunderts  waren  die 
Bestrebungen,  die  Brennstoff-  und  Wärmewirtschaft  industrieller 
Betriebe  zu  verbessern,  so  gut  wie  völlig  individualistisch.  Der 
einzelne  Betrieb  suchte  nach  bestem  Können  seine  Brennstoff-  und 
Wärmekosten  zu  verringern.  In  den  allermeisten  Betrieben  wurde 
dieser  Frage  sehr  wenig  Aufmerksamkeit  zugewendet. 

Um  die  Jahrhundertwende  setzten  dann  die  Bestrebungen  stark 
ein,  das  hier  und  da  vorhandene  Streben  der  einzelnen  Betriebe 
durch  kollektive  Massnahmen  zu  unterstützen.  Teils  waren  es 
äussere  Anlässe,   die  dazu  führten,   teils  ist  dieser  Vorgang  der 
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Initiative  bedeutender  Wärmewirtschafts-Ingenieure  zu  verdanken 

So  führten  beispielsweise  die  Klagen  der  Hamburger  Bevölkerung 
über  die  Rauchbelästigung  zur  Gründung  des  "Vereins  für  Feue- 
rungsbetrieb und  Rauchbekämpfung"  (3)  im  Jahre  1902.  Durch 
diese  Massnahme  bewahrte  sich  die  Industrie  vor  staatlichem 
Eingriff  in  ihre  feuerungstechnische  Betriebsführung.  Der  Verein 
dehnte  durch  die  Tatkraft  seines  Leiters,  des  im  Jahre  1925  verstor- 
benen Oberingenieurs  Nies,  sein  Tätigkeitsfeld  bald  über  ganz 
Deutschland  aus. 

Auf  die  Initiative  vor  allem  eines  Mannes,  des  jetzigen  Professors 
an  der  Technischen  Hochschule  Darmstadt,  Christoph  E  b  e  r  1  e  , 
der  damals  Oberingenieur  des  Bayerischen  Dampfkessel-Revisions- 
Vereins  (6)  war,  begann  dieser  Verein  mit  Hilfe  seiner  bereits  seit 
den  80er  Jahren  bestehenden  wärmetechnischen  Prüfstation  etwa  um 
die  gleiche  Zeit,  sich  planmässig  der  Verbesserung  der  Wärmewirt- 
schaft, zunächst  insbesondere  in  der  Brauindustrie,  anzunehmen. 
Ebenso  hat  es  die  Zuckerindustrie  vor  allem  den  Bemühungen  von 
Dr.-Ing.  Classen,  zurzeit  in  Dormagen,  Rheinland,  zu  verdanken, 
dass  ihre  Wärmewirtschaft  in  gemeinsamer  Anstrengung,  weiterhin 
unterstützt  durch  das  Institut  für  Zuckerindustrie  (BerMn  N.  65, 
Amrumerstrasse  Ecke  Seestrasse),  auf  eine  ausserordentliche  Höhe 
gehoben  wurde. 

In  den  folgenden  1|  Jahrzehnten  entwickelten  sich  auch  bei  den 
Brennstoff  liefernden  Industrien  feuerungstechnische  Beratungs- 
stellen für  ihre  industrielle  Kundschaft.  Die  erste  wärmetechnische 
und  überhaupt  technische  Abteilung  aller  Brennstoffvereinigungen 
wurde  am  1.  Januar  1902  vom  Rheinischen  Braunkohlen-Syndikat 
in  Köln  eingerichtet.  Leiter  dieser  Abteilung  bis  Ende  1917  war  der 
Oberingenieur,  später  Dr.-Ing.  e.h.  Wilhelm  Oellerich,  der  heutige 
Direktor  des  Vereins  für  die  Interessen  der  Rheinischen  Braunkohlen- 
industrie e.V.  in  Köln.  Die  Erfahrungen,  welche  mit  dieser  Abtei- 
lung gemacht  wurden,  und  ihre  Ergebnisse  veranlassten  später  auch 
andere  Syndikate,  ähnHche  Einrichtungen  ins  Leben  zu  rufen. 
Hier  sind  zu  nennen  die  feuerungstechnischen  Abteilungen  einiger 
Kohlensyndikate,  insbesondere  bald  auch  die  des  Ruhrkohlen- 
Syndikates  (23).  Ferner  gründete  der  Deutsche  Verein  von  Gas- 
und  Wasserfachmännern  im  Jahre  1910  die  "  Zentrale  für  Gasver- 
wertung" (30)  für  den  gleichen  Zweck.  Ani  die  Initiative  des 
jetzigen  Professors,  damaligen  Oberingenieurs  Kays  er  (jetzt 
Leiter  der  Feuerungstechnischen  Abteilung  des  Osteibischen  Braun- 
kohlen-Syndikates (27)  ),  gründete  eine  Gruppe  von  Kokserzeugem 
die  "Zentrale  für  Koksverwertung"  in  Berlin,  die  jedoch  während 
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der    Inflationszeit    aus    Mangel     an    Mitteln    wieder    aufgegeben 
werden  musste. 

EINFLUSS  DES  KRIEGES. — Wenn  heute  Deutschland  mit  einem 
ziemlich  lückenlosen  Netz  von  feuerungs-  und  wärmetechnischen 
Beratungsstellen  überzogen  ist,  so  ist  dies  auf  den  starken  Einfluss 
zurückzuführen,  den  die  Kohlenknappheit  während  der  Kriegs- 
und Nachkriegszeit  erzeugte. 

Der  U eberblick  über  die  bestehenden  Organisationen  wird  erleich- 
tert, wenn  man  unterscheidet  zwischen  solchen  Stellen,  deren 
Wirksamkeit  Sich  ganz  allgemein  auf  aUe  Gebiete  der  Feuerungs-  und 
Wärmewirtschaft  erstreckt, — ferner  solchen,  die  bestimmte  geo- 
graphische Gebiete,  aber  ohne  Unterschied  der  Industrie-Art  und  der 
Brennstoffe,  bearbeiten, — dann  solchen,  die  für  eine  bestimmte 
Industrie  geschaffen  sind, — und  schhesslich  solchen,  die  die 
wirtschaftüchste  Verwendung  bestimmter  Brennstoffe  fördern 
sollen. 

Nur  kurz  hingewiesen  werden  soll  auf  die  zahlreichen  Stellen,  die 
sich  der  Brennstoff-  und  Wärmewirtschaft  im  Kleingewerbe  und  vor 
allem  im  Hausbrand  widmen. 

Allgemeine  Organisationen. — Während  des  Krieges  teilte  die 
Kriegs-Rohstoff-Abteilung  des  Kriegsamtes  Deutschland  in  eine 
Reihe  von  Kriegsamts-SteUen  auf,  in  denen  besondere  feuerungs- 
und  wärmetechnische  Referenten  oder  Abteilungen  sich  speziell 
der  Brennstoff-  und  Wärmeversorgung  und  -Wirtschaft  annahmen. 
Diese  Referenten  und  Abteilungen  fanden  eine  gemeinsame  Spitze 
in  der  Abteilung  "Heizung"  beim  Reichskommissar  für  die  Kohlen- 
verteilung. Nach  Auflösung  des  Kriegsamtes  und  der  Abteilung 
"Heizung"  des  Reichskommissars  für  die  Kohlenverteilung  fanden 
diese  Abteilungen,  die  unter  der  Oberhoheit  der  einzelnen  deutschen 
Staaten  während  der  Zeit  der  Kohlennot  weiter  bestehen  blieben, 
einen  gewissen  Zusammenhalt  für  das  ganze  Reich  in  dem  auf 
Grund  des  Kohlenwirtschaftsgesetzes  1920  geschaffenen  Technisch- 
Wirtschaftlichen  Sachverständigen-Ausschuss  des  Reichskohlen- 
rates für  Brennstoffverwendung  (1),  bei  dem  auch  die  Abwicklung 
der  Geschäfte  der  Abteilung  "Heizung"  des  Reichskommissars  für 
die  Kohlenverteilung  vollzogen  wurde. 

Inzwischen  hatte  das  Bestreben  der  Industrie,  die  staatliche 
Einwirkung  auf  ihre  Feuerungsbetriebe  wieder  abzubauen,  zu  der 
Gründung  der  "Hauptstelle  für  Wärmewirtschaft"  (2)  unter 
Geheimrat  Professor  Josse  von  der  Technischen  Hochschule  in 
Berhn  geführt,  die  von  dem  Verein  Deutscher   Eisenhüttenleute, 

1293 


ORGANISATIONS 

dem  Verein  Deutscher  Ingenieure  und  der  Vereinigung  der  Elek- 
trizitätswerke gebildet  wurde.  Diese  Stelle,  die  bald  nach  ihrer 
Gründung  unter  die  Leitung  und  später  auch  den  Vorsitz  von 
Professor  Eber  le  gestellt  wurde  (und  noch  steht),  hat  der  Sach- 
verständigen-Ausschuss  des  Reichskohlenrates  als  die  geeignete 
Stelle  für  die  Zusammenfassung  aller  deutschen  industriellen  Wärme- 
wirtschaftsstellen bezeichnet. 

Die  Finanzierung  der  früheren  feuerungstechnischen  Abteilungen 
der  Kriegsämter,  die  nach  dem  Kriege  Teile  der  "  Kohlen wirtschafts- 
stellen"  der  einzelnen  deutschen  Staaten  wurden,  geschah  durch 
Vermittlung  des  Reichskommissars  für  die  Kohlen  Verteilung.  Dieser 
forderte  von  jedem  industriellen  Betrieb  mit  mehr  als  10  Tonnen 
monatlichem  Brennstoffverbrauch  allmonathch  eine  Meldung  über 
Bestände  und  Bedarf  in  Brennstoffen  ;  die  hierfür  erforderlichen 
amtlichen  Meldekarten  mussten  für  einen  kleinen  Betrag  (etwa 
25  Pfennig  je  Karte)  gekauft  werden,  und  die  hieraus  gewonnenen 
Mittel  flössen  zum  Teil  den  Kohlenwirtschaftsstellen  zu.  Aus  den 
Restbeständen  bei  Auflösung  der  Kohlenwirtschaftsstellen  im 
Jahre  1924  wurde  der  Hauptstelle  für  Wärmewirtschaft  ein  kleiner 
Fond  zur  Verfügung  gestellt,  der  übrigens  heute  verbraucht  sein 
dürfte. 

Der  gegenwärtige  Zustand  ist  der  folgende  :  der  Technisch-Wirt- 
schaftliche Sachverständigen-Ausschuss  des  Reichskohlenrates  für 
Brennstoffverwendung  (1),  der  gesetzlichen  "Kammer  der  Kohlen- 
wirtschaft," also  eines  Selbstverwaltungskörpers  aus  Vertretern  der 
Kohlenerzeugung,  des  Kohlenhandels  und  der  Kohlenverbraucher, 
stellt  in  parlamentarischer  Form  die  allgemeine  geistige  Verbindung 
zwischen  den  gesetzlichen  Selbstverwaltungsorganen  der  Kohlen- 
wirtschaft und  den  feuerungs-  und  wärmetechnischen  Sachver- 
ständigen der  Kohle  verbrauchenden  Industrie  her.  Die  Erledigung 
allgemeiner  organisatorischer  Fragen,  soweit  solche  überhaupt  noch 
auftauchen,  sowie  die  Wahrung  des  geistigen  Zusammenhanges 
zwischen  den  Leitern  aller  industriellen  wärmewirtschaftlichen 
Organisationen  vollzieht  die  Hauptstelle  für  Wärmewirtschaft  (2).  Die 
gesamte  feuerungs-  und  wärmewirtschaftliche  Organisation  der 
Industrie  ist  völlig  von  staatlicher  Einwirkung  befreit  und  eine  reine 
Selbstverwaltungs-A  ngelegenheit  geworden. 

Der  allgemeinen  Förderung  feuerungs-  und  wärmewirtschaft- 
licher Fragen  der  Industrie  dienen  ausserdem  vielfache  Vorträge 
und  Aussprachen  auf  technischen  und  industriellen  Tagungen.  Eine 
Reihe  von  Organisationen  sind  allgemein  und  in  mehr  akademischer 
Form  auf  diesem  Gebiet  tätig,  so  z.B.  die  Kaiser-Wilhelm-Institute 
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für  Kohlenforschung  (Mülheim/ Ruhr)  und  für  physikalische  Chemie 
(Berlin-Dahlem),  das  Kohlenforschungsinstitut  in  Breslau,  ferner 
das  Institut  für  Braunkohlenforschimg  und  Mineralölchemie  an  der 
Technischen  Hochschule  Berlin,  der  Verein  Deutscher  Ingenieure 
(Berlin  NW.  7,  Friedrich  Ebertstr.  27)  mit  besonderen  Ausschüssen 
für  Wärmeforschung,  Dampfkesselwesen,  Feuerungstechnik  und  für 
Regeln  für  Abnahmeversuche,  die  Deutsche  Maschinentechnische 
Gesellschaft  (Berlin  SW.  68,  Lindenstr.  80),  und  selbstverständlich 
die  einschlägigen  Lehrstühle  der  Technischen  Hochschulen  mit  ihren 
Laboratorien.  Speziell  auf  dem  Gebiete  der  feuerungs-  und  wärme- 
technischen Fragen  arbeitet  die  Brennkrafttechnische  Gesellschaft 
(Berlin  W.  9,  Potsdamerstr.  21a)  mit  einer  Reihe  von  Sonderaus- 
schüssen und  jährlichen  Versammlungen  ;  ihre  Arbeitsergebnisse 
werden  in  ihrem  Organ,  der  Zeitschrift  "Brennstoff-  und  Wärme- 
wirtschaft" (Verlag  Wilhelm  Knapp,  Halle/Saale,  siehe  unten 
unter  "Zeitschriften")  veröffentlicht.  Auch  auf  die  "Vereinigung 
der  Grosskesselbesitzer"  (Berlin-Charlottenburg  1,  Lohmeyerstr.  25) 
sei  hingewiesen.  Sie  erwirbt  sich  durch  allgemeine  Forschungsar- 
beiten auf  dem  Sondergebiet  der  Dampf kesselbaustoffe  und  des 
Dampfkesselbetriebes,  die  sie  in  besonderen  Berichten  veröffent- 
licht, grosse  Verdienste.  Auf  dem  Gebiete  speziell  der  Braunkohle 
arbeitet,  ebenfalls  nur  in  allgemeiner  Form,  der  Technische  Ausschuss 
des  Deutschen  Braunkohlen-Industrie-Vereins  (Halle/Saale,  Riebeck- 
platz 4a),  seine  Ergebnisse  veröffentlicht  sein  Organ,  die  Zeitschrift 
"Braunkohle."  Die  in  diesem  Absatz  genannten  Organisationen 
sind  in  der  Liste  (Teil  II)  nicht  im  einzelnen  aufgeführt  ;  diese 
Liste  umfasst  lediglich  diejenigen  Organisationen,  die  der  Industrie 
nach  Art  von  beratenden  Ingenieuren  in  korporativer  Form  auch  zur 
Beratung  in  Einzelfällen  zur  Verfügung  stehen,  und  die  im  folgenden 
behandelt  werden. 

Organisationen  für  bestimmte  geographische  Gebiete. — Die 
aus  der  Kriegswirtschaft  hervorgegangenen  feuerungs-  und  wärme- 
wirtschaftlichen Abteilungen  der  Kohlenwirtschaftsstellen  hatten 
sich  ihren  Aufgaben  je  nach  dem  Geschick  und  dem  technischen 
Können  ihrer  Leiter  mit  wechselnden  Erfolgen  unterzogen.  Hervor- 
ragendes leisteten  beispielsweise  die  Bayerische  Landeskohlenstelle 
unter  dem  jetzigen  Leiter  der  städtischen  Gaswerke  in  München, 
Oberbaudirektor  Ludwig,  ferner  die  Badische,  die  Württember- 
gische und  die  Preussische  LandeskohlensteUe,  letztere  insbeson- 
dere in  ihren  Kohlenwirtschaftsstellen  Hamburg,  Siegen,  Berlin, 
Düsseldorf  u.a.m. 
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Bei  Abbau  dieser  amtlichen  Stellen  im  Jahre  1924  konnten  ihre 
Aufgaben,  soweit  sie  wärmewirtschaftHcher  Natur  waren,  von  den 
darauf  vorbereiteten  Dampfkessel-Ueberwachungs-V  er  einen  über- 
nommen werden. 

Die  Dampfkessel-Ueberwachungs-Vereine  waren  in  den  70er 
Jahren  des  19.  Jahrhunderts  von  der  deutschen  Industrie  ge- 
gründet worden,  weil  sie  die  bis  dahin  durch  die  Gewerbeaufsichts- 
behörden ausgeübte  Ueberwachung  nicht  als  ausreichend  und 
nicht  für  sachverständig  genug  erachtete.  Die  deutschen  Staaten 
betrauten  dann  die  Dampfkessel-Ueberwachungs- Vereine  mit  der 
regelmässigen  Untersuchung  der  Dampfkessel  und  zogen  sie  zur 
Vorprüfung  für  die  Konzessionserteilung  heran.  Nur  in  den 
Freien  Städten  Hamburg,  Lübeck  und  Bremen  sowie  in  dem 
damahgen  Grossherzogtum  Hessen  wurden  staatliche  Dampfkessel- 
Ueberwachungs-Aemter  gebildet,  die  z.T.  auch  heute  noch  bestehen 
(siehe  Teil  II,  D  (4)  Schluss).  Einige  dieser  Dampfkessel-Ueber- 
wachungs-Vereine,  insbesondere  der  Bayerische  Revisions-Verein 
(siehe  oben)  und  der  von  den  Zechen  des  Rheinisch- Westfähschen 
Kohlenreviers  gegründete  "Dampfkessel-Ueberwachungs- Verein  für 
die  Zechen  im  Oberbergamtsbezirk  Dortmund"  (9)  zu  Essen,  der 
Württembergische  und  der  Badische  Dampfkessel-Ueberwachungs- 
Verein  sowie  die  Preussischen  Dampfkessel-Ueberwachungs- Vereine 
Magdeburg  und  Gleiwitz  (früher  Kattowitz)  hatten  frühzeitig 
begonnen,  neben  ihrer  halbamtlichen  Ueberwachungstätigkeit 
auch  in  wärmewirtschaftHcher  Hinsicht  ihre  Mitglieder,  soweit 
diese  dafür  einen  besonderen  Beitrag  zahlten,  zu  beraten.  Diese 
wärmewirtschafthche  Tätigkeit  der  Dampfkessel-Ueberwachungs- 
Vereine  hatte  in  der  Zeit  der  Kohlennot  stark  zugenommen;  fast 
bei  allen  Dampfkessel-Ueberwachungs-Vereinen  bildeten  sich  zu 
diesem  Zweck  besondere  wärmewirtschafthche  Abteilungen.  Sie 
werden  aus  Mitghedsbeiträgen  und  aus  Entgelt  für  einzelne  grössere 
Gutachten  und  Beratungen  finanziert. 

Im  AugenbKck  der  Auflösung  der  Kohlenwirtschaftsstellen 
konnten  diese  Abteilungen  deren  wärmewirtschafthche  Funktionen 
übernehmen. 

Um  grössere  Erfahrungen  in  sich  zu  konzentrieren  und  die  Bera- 
tungen zu  verbiUigen,  schlössen  zu  diesem  Zeitpunkt  5  mitteldeutsche 
Dampfkessel-Ueberwachungs- Vereine  ihre  wärmewirtschaftlichen 
Abteilungen  zu  einer  gemeinsamen  Wärmestelle  zusammen, 
nämlich  der  "Wärmestelle  der  Mitteldeutschen  Dampfkessel-Ueber- 
wachungs-V ereine"  zu  Magdeburg  (5).  Auch  diese  erhält  sich  selbst 
aus  den  Erträgnissen  ihrer  Tätigkeit  und  aus  Mitghedsbeiträgen. 
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Brennstoff-  und  wärmewirtschaftliche  Organisation  der 
Eisenbahnen  des  Deutschen  Reiches. — Die  Lokomotiven  und 
zahlreichen  grossen  Werkstätten  nebst  Stationsanlagen  der  Deut- 
schen Reichsbahn  unterliegen  nicht  der  Inspektion  der  Dampfkessel- 
Ueberwachungs- Vereine.  Nach  dem  Kriege  stellte  es  sich  auch 
für  die  Verwaltung  der  Deutschen  Reichsbahn,  die  auf  Grund  des 
Dawes-Planes  dann  in  Gesellschaftsform  überführt  wurde,  als 
zweckmässig  heraus,  die  Brennstoff-,  Energie-  und  Wärmewirtschaft 
dieses  grössten  in  einer  Verwaltung  zusammengeschlossenen 
Brennstoffverbrauchers  nach  einheithchen  Gesichtspunkten  durch 
eine  besondere  Organisation  innerhalb  der  Hauptverwaltung  zu 
bearbeiten  und  überwachen.  Zu  diesem  Zweck  wurde  von  der 
Hauptverwaltung  das  geographische  Gesamtgebiet  der  Deutschen 
Reichsbahn  in  10  Wärmewirtschaf ts-Bezirke  aufgeteilt,  die  bezüg- 
hch  der  brennstoff-,  énergie-  und  wärmewirtschaftlichen  Betriebs- 
führung jeweils  einer  Wärme  wirtschaftssteile  zugewiesen  wurden. 
Ueber  die  Einzelheiten  dieser  Organisation  (7)  unterrichtet  der 
Beitrag  von  Reichsbahndirektor  Harprecht  und  Mitarbeitern, 
der  der  Fuel  Conference  der  World  Power  Conference  1 928  gesondert 
zugeht,*  und  auf  den  daher  hier  verwiesen  werden  darf.  Die  Bedeu- 
tung dieser  Stellen  und  ihrer  Arbeiten  liegt  nicht  nur  in  den  erheb- 
lichen Verbesserungen,  die  sie  durchgeführt  haben,  sondern  auch 
allgemein  darin,  dass  die  musterhafte  wärmewirtschaftliche  Ueber- 
wachung  dieses  grössten  Brennstoff  verbrauchenden  Betriebes 
gleichzeitig  der  gesamten  Privat-Industrie  ein  gutes  Beispiel  vor 
Augen  führt,  wie  die  brennstoff-  und  wärmewirtschaftliche  Ueber- 
wachung  zweckmässig  durchgeführt  wird  und  welchen  Nutzen  sie 
ergibt. 

Organisationen  für  bestimmte  Industrien. — Als  Vorbild  auch 
für  andere  Wärmestellen  hat  in  der  deutschen  Industrie  die 
"Wärmestelle  des  Vereins  Deutscher  Eisenhiittenleute"  (12)  zu  Düssel- 
dorf gedient,  die  im  Jahre  1919  unter  Herrn  Dr.-Ing.  K.  Rummel 
gegründet  wurde.  Sie  bewirkte,  dass  in  allen  grösseren  Eisenhütten- 
werken Deutschlands  Wärmewirtschaftsbüros  gebildet  wurden,  die 
sie  zusammenfassend  mit  den  nötigen  allgemeinen  Anleitungen  und 
Unterlagen  versah  und  noch  versieht. 

Nach  diesem  Vorbild  wurden  unter  Mitwirkung  der  Hauptstelle 
für  Wärmewirtschaft  auch  in  anderen  Industrien  mit  grossem 
Kohlenverbrauch  (z.B.  der  Glasindustrie,  der  fein-  und  grobke- 
ramischen Industrien,  der  Papier-  und  Zellstoff-Industrie  usw.) 
ähnhche  feuerungs-  und  wärmetechnische  Beratungsstellen,  meist 

•Section  J,  No.  5. 
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am   Sitz   des   wirtschaftlichen   Zentralverbandes   der   betreffenden 
Industrie,  gegründet  (13  bis  22). 

Organisationen  für  bestimmte  Brennstoffarten.— Die  zum 
Teil  bereits  vor  dem  Kriege  gegründeten  (siehe  oben)  feuerungs- 
technischen Beratungsstellen  der  Brennstoff  erzeugenden  Industrien, 
die  zum  Teil  in  der  Zeit  der  Brennstoffnot  etwas  in  den  Hinter- 
grund getreten  waren,  erhielten  durch  Wiedereintritt  eines  schärferen 
Wettbewerbes  zwischen  den  einzelnen  Brennstoffen  neuen  Anstoss. 
Die  durch  das  Kohlenwirtschaftsgesetz  gebildeten  12  deutschen 
^rennsioü-Syndikate  (einschliesslich  "Gaskoks-Syndikat,  Wirt- 
schaftliche Vereinigung  deutscher  Gaswerke")  unterhalten  heute 
fast  ausnahmslos  vorzüglich  arbeitende,  zum  Teil  mit  vorbildlichen 
Laboratorien  ausgestattete  feuerungstechnische  BeratungssteDen 
aus  ihren  Mitteln,  deren  Beratung  der  Kundschaft  und  den  einzelnen 
Brennstoff erzeugern  im  allgemeinen  kostenfrei  zur  Verfügung  steht. 

Auch  der  Kohlengrosshandel  hat  die  Notwendigkeit  eingesehen, 
seine  Abnehmer  durch  besondere  feuerungstechnische  Sachver- 
ständige in  der  bestmöglichen  Verwendung  der  verschiedenen  von 
ihm  vertriebenen  Brennstoff- Arten  und -Sorten  kostenfrei  zu  beraten. 
Eine  ganze  Reihe  deutscher  Kohlengrosshandelsfirmen  entfaltet  in 
dieser  Hinsicht  eine  erfolgreiche  Tätigkeit  aus  eigenen  Mitteln. 

Brennstoff-  und  Wärmewirtschaft  des  Kleingewerbes  und 
Haushaltes. — Zur  Förderung  rationeller  Brennstoff-  und  Wärme- 
wirtschaft im  Kleingewerbe  (Handwerk)  und  Haushalt  haben  sich, 
auch  auf  Anregung  der  Abteilung  "Heizung"  des  Reichskommissars 
für  die  Kohlenverteilung  und  des  Sachverständigen-Ausschusses  des 
Reichskohlenrates  für  Brennstoffverwendung,  eine  grosse  Reihe  von 
Organisationen  gebildet,  die  zum  Teil  auch  amtlichen  Charakter 
tragen  oder  speziell  für  die  Förderung  der  Brennstoff-  und  Wärme- 
wirtschaft in  öffentlichen  Gebäuden  bestimmt  sind.  Zusammen- 
fassend sind  auf  diesem  Gebiet  3  freie  Organisationen  tätig,  die  die 
heiztechnischen  Verbände  (Zentralheizungs-Industrie,  Eisenofen- 
Industrie,  Ofensetzer,  Schornsteinfeger  usw.)  zusammen  mit 
behördlichen  Vertretern,  insbesondere  auch  des  Siedlungswesens, 
und  Sachverständigen  der  Verbraucherschaft  gebildet  haben.  Es 
sind  dies  : 
(a)  Arbeitsgemeinschaft    für    Brennstoff-Ersparnis,     Berlin     W.9, 

Leipzigerstr.  3,  Vorsitzender:  Oberregierungsrat  W.  Scholtz 

(für  Nord-Deutschland); 
(6)  Bayerischer   W ärmewirtschafts-V erhand ,   München,   Sendlinger- 

str.  26,  Vorsitzender:  Gewerberat  Ecker; 
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(c)  Württembergischer  Wärmewirtschafts-Verband,  Stuttgart,  Landes- 
gewerbeamt, Vorsitzender:  Oberbaurat  Dr.-Ing.  Meuth. 

Ueber  die  Einzelheiten  der  Organisation  und  Arbeitsweise  dieser 
Stellen  gibt  das  unten  genannte  Taschenbuch  des  Verfassers:  "Wie 
spare  ich  Kohle?"  Auskunft. 

Zusammenfassung 

Der  heutige  Stand  der  Organisation  zur  Förderung  der  indu- 
striellen Brennstoff-  und  Wärmewirtschaft  in  Deutschland  bietet 
demnach  ein  Bild  von  grosser  Mannigfaltigkeit,  das  den  verschieden- 
artigen Bedürfnissen  der  Industrie  und  des  Verkehrs  bis  in  ihre 
feinsten  Verästelungen  entspricht.  Industrien,  bei  deren  Erzeugung 
die  Brennstoffkosten  eine  besonders  grosse  Rolle  spielen,  und  bei 
denen  die  Brennstoff-  und  Wärmewirtschaft  ein  besonders  eigenar- 
tiges, den  besonders  spezialisierten  Ingenieur  erforderndes  Gepräge 
zeigen,  haben  sich  ihre  eigenen  Organisationen  geschaffen.  Den 
übrigen  Industrien  steht  die  Beratung  der  wärmewirtschaftlichen 
Abteilungen  der  Dampfkessel-Ueberwachungs-Vereine  oder  der  von 
ihnen  gebildeten  Sammel-"Wärmestellen"  zur  Verfügung,  wenn 
sie  sich  nicht  dem  "Verein  für  Feuerungsbetrieb  und  Rauchbekämp- 
fung" anschliessen.  Für  die  wirtschaftlichste  Verwendung  bestimm- 
ter Brennstoffe  stehen  der  Industrie  die  feuerungstechnischen  Be- 
ratungsstellen der  Brennstoff-Syndikate  (für  Gas  die  "Zentrale  für 
Gasverwertung")  und  die  Sachverständigen  des  Kohlengrosshandels 
zur  Verfügung. 

Alle  diese  Organisationen  erhalten  sich  auf  Grund  ihrer  Leistungen 
ausschliesshch  oder  teilweise  aus  Mitteln  der  industriellen  Verbände, 
aus  Mitgliedsbeiträgen  oder/und  aus  Entgelt  für  Gutachten  und 
besondere  Arbeiten.  Der  Staat  leistet  heute  keine  finanzielle  oder 
sonstige  Unterstützung  für  die  Förderung  der  industriellen  Brennstoff- 
oder Wärmewirtschaft  mehr. 

Dieses  vielfältige  Organisationsgebilde  besitzt  in  der  "Hauptstelle 
für  Wärmewirtschaft"  eine  geistige  Spitze.  Auch  diese  finanziert 
sich  lediglich  aus  Mitgliedsbeiträgen  und  ihr  für  spezielle  Arbeiten 
von  Fall  zu  Fall  aus  der  Wirtschaft  zur  Verfügung  gestellten 
Mitteln. 

Den  Zusammenhang  mit  den  gesetzlichen  Selbstverwaltungs- 
organisationen der  Kohlen  Wirtschaft  wahrt  der  "Technisch- Wirt- 
schaftliche Sachverständigen-Ausschuss  des  Reichskohlenrates  für 
Brennstoff  Verwendung,"  der  ebenfalls  nicht  aus  staatlichen  Mitteln, 
sondern  mittels  einer  gesetzlich  autorisierten  Umlage  aus  der 
Kohlenwirtschaft  selbst  finanziert  wird. 
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Der  wirtschaftliche  Erfolg  der  von  allen  diesen  Organisationen 
geleisteten  Arbeit  muss  sehr  hoch  veranschlagt  werden.  Es  ist 
schwer,  ihn  in  festen  Summen  auszudrücken.  Dass  z.B.  die  Ver- 
ringerung des  Brennstoffbedarfes  der  Eisen  und  Stahl  erzeugenden 
Industrie,  bezogen  auf  die  Tonne  erzeugten  Roheisens  oder  -Stahls, 
um  etwa  1 5  bis  20  %  seit  1 9 1 8  im  wesentlichen  auf  die  Wirksamkeit 
der  Wärmestelle  dieser  Industrie  zurückzuführen  ist,  wird  allgemein 
anerkannt.  Die  für  die  brennstoff-  und  wärmewirtschaftliche 
Beratung  erforderlichen  Aufwendungen  sind  überall  im  Verhältnis 
zu  den  erzielten  Erfolgen  sehr  gering.  Wenn  auch  noch  immer  bei 
vielen  Industriellen  das  rechte  Verständnis  für  den  Wert  solcher 
Beratung  fehlt  (eben  dieser  Umstand  hat  zur  Bildung  solcher 
Beratungsstellen,  sozusagen  "korporativer  beratender  Ingenieure" 
neben  den  in  Deutschland  nicht  sehr  zahlreichen  privaten  beratenden 
Ingenieuren  geführt),  so  ist  durch  die  Anstrengungen  aller  dieser 
Organisationen  Hand  in  Hand  mit  den  vielen  unorganisiert  in  den 
industriellen  Betrieben  tätigen  Brennstoff-  und  Wärme-Ingenieuren 
das  Wort  "Wärmewirtschaft"  zu  einem  Begriff  geworden,  der 
heute  aUen  wirtschaftUchen  Kreisen  und  öffenthchen  Stellen 
Deutschlands  als  ein  selbstverständliches  Erfordernis  ordentlicher 
Wirtschaftsführung,  als  grosser  wirtschaftlicher  Vorteil  und  als 
eine  hervorragende  Leistung  der  Ingenieurkunst  geläufig  ist.  Es 
zeigt  sich  auch  mehr  und  mehr  und  kommt  in  der  Arbeitsweise  der 
führenden  deutschen  brennstoff-  und  wärmewirtschaftlichen  Organi- 
sationen zum  Ausdruck,  dass  die  Pflege  der  Brennstoff-  und  Wärme- 
wirtschaft zu  sehr  vielen  mittelbaren  Vorteilen  in  der  gesamten 
Betriebswirtschaft  führt  und  von  dieser,  auch  in  ihrer  Durchführung, 
kaum  trennbar  ist. 

Mittelbare  Vorteile  von  grosser  Wichtigkeit  sind  auch  die  Steigerung 
der  Güte  der  Erzeugnisse  der  deutschen  wärmetechnischen  Industrie 
und  der  Verwertung  der  deutschen  "Brennstoffe. 

Schliesslich  ist  noch  hinzuweisen  auf  die  grosse  Befruchtung,  die 
das  deutsche  technisch-wirtschaftliche  Schrifttum  durch  diese 
ganze  Bewegung  erfahren  hat.  Aus  der  gewaltigen  Fülle  guter 
brennstoff-  und  wärmewirtschaftlicher  Veröffentlichungen  seien 
hier  nur  einige  wenige  genannt,  die  vielleicht  geeignet  sind,  den 
Aussensteh enden  einen  gewissen  allgemeinen  U eberblick  zu  geben: 

BtJCHER 

De  Grahi  (Baurat,  Berlin-Schöneberg,  Hauptstr.  13):  Wirtschaftliche 
Verwendung  der  Brennstoffe.  Kristische  Betrachtungen  zur  Durchführung 
sparsamer  Wärmewirtschaft.  Verlag  Oldenbourg,  München,  Glückstr.  10 
Gebunden  RM  33,10. 
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De  Grahl  (siehe  oben):  Verwertung  von  Abfall-  und  Ueberschuss- 
Energie.     V.D.I.-Verlag,  Berln  NW.  7,  Dorotheenstr.  40.  1927.  RM  22,00. 

Reutlinger-Gerbel  (Dr.-Ing.  Reutlinger,  Köln,  Hansa- Ring  96; 
Oberbaurat  Gerbel,  Wien  III,  Lothringerstr.  12):  Kraft  und  Wärmewirt- 
schaft in  der  Industrie.  Verlag  Julius  Springer,  Berlin  W.  9,  Linkstr.  23/24. 
1927.  Band  I  RM   16,50. 

zur  Nedden  (Berlin  W.  50,  Pragerstr.  28):  "Wie  spareich  Kohle?"  V.D.I.- 
Verlag,  Berlin  NW.  7,  Dorotheenstr.  40.  RM  3,00. 

U.a.m. 

Zeitschriften 

Archiv  für  Wärmewirtschaft  und  Dampf  kesselwesen.  V.D.I.-Verlag, 
Berlin  NW.  7,  Dorotheenstr.  40.  Jährlich  12  Nummern,  Bezugspreis  jährlich 
RM  18,40  einschl.  Porto. 

Die  Wärme.  Verlag  Rudolf  Mosse,  Berlin  SW.  19,  Jerusalemerster.  40/49. 
Jährlich  52  Nummern,  Bezugspreis  monatlich  RM  3,50. 

Zeitschrift  des  Bayerischen  Revisions-Vereins.  Herausgegeben  vom  Bayeri- 
schen Revisions- Verein,  München  23,  Kaiserstr.  14. 

Brennstoff  und  Wärmewirtschaft.  Verlag  Wilhelm  Knapp,  Halle/Saale, 
Mühlweg  19.  Jährlich  24  Nummern,  Bezugspreis  RM  12,00  zuzüglich  RM  2,40 
Porto. 

Feuerungs-Technik.  Verlag  Spamer,  Leipzig,  Heinrichstr.  9.  Jährlich  24 
Nummern,  Bezugspreis  RM  6,50  einschliesslich  Porto. 

Die  Feuerung.  Berlin  W.  54.  Kurfürstenstr.  8.  Jährlich  12  Nummern,  Bezugs- 
preis  RM    18,00  einschliesslich   Porto. 

(Auf  dem  Gebiete  der  Brennstoff-  und  Wärmewirtschaft  des  Kleingewerbes 
und  Haushaltes  : 

Wärmewirtschaftliche  Nachrichten  für  Hausbau,  Haushalt  und  Kleinge- 
werbe. Verlag  Dr.  Max  Jänecke,  Leipzig  C.I.,  Hospitalstr.  10.  Jährlich  12 
Nummern,  Bezugspreis  RM  6,00  zuzüglich  Porto.) 

Ferner  finden  sich  laufend  gute  Aufsätze  über  Brennstoff-  und  Wärmewirt- 
schaft in  den  grossen  technischen  und  industriellen  Fachzeitschriften,  u.a.  der 

Zeitschrift  des  Vereins  Deutscher  Ingenieure.  V.D.I.-Verlag,  Berlin  NW.  7, 
Dorotheenstr.  40.  Jährlich  52  Nummern,  Bezugspreis  RM  30,00. 

Das  Gas-  und  Wasserfach.  Verlag  Oldenbourg,  München,  Glückstr.  10. 
Jährlich  52  Nummern,  Bezugspreis  RM  26,00  und  Porto. 

Elektrizitäts- Wirtschaft,  Mitteilungen  der  Vereinigung  der  Elektrizitäts- 
Werke  E.V.  Verlag  Berlin  SW.  48,  Wilhelmstr.  37.  Jährlich  24  Nummern, 
Bezugspreis  RM  20,00  und  Porto. 

Glückauf.  Verlag  Glückauf,  Essen,  Friedrichstr.  2.  Jährlich  52  Hefte,  Bezugs- 
preis RM  40,00  unter  Briefband;  RM  35,00  durch  den  Postzeitungsdienst. 

Braunkohle.  Verlag  Wilhelm  Knapp,  Halle/Saale,  Mühlweg  19.  Jährlich  52 
Nummern,  Bezugspreis  RM  24,00  und  Porto.      U.a.m. 
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II— LISTE  DER  BRENNSTOFF-  UND  WÄRMEWIRTSCHAFT- 
LICHEN ORGANISATIONEN* 

A.  Verbindungsglied    dieser    Organisationen    mit    den    gesetzlichen 

Organen   der   Kohlenwirtschaft: 

(1)  Technisch- Wirtschaftlicher     Sachverständigen- Ausschuss    des     Reichs- 

kohlenrates für  Brennstoff- Verwendung. 

B.  Spitzenorganisation    der    deutschen    industriellen    Wärmewirt- 

schaft: 

(2)  Hauptstelle  für  Wärmewirtschaft. 

C.  Für    Industriebetriebe    und    Brennstoffe    aller    Art    über    ganz 

Deutschland  hin: 

(3)  Verein  für  Feuerungsbetrieb  und  Rauchbekämpfung. 

D.  Für  bestimmte  geographische  Gebiete: 

(4)  Die  Wärmewirtschaftlichen  Abteilungen  der  £)aw/?/Äesse/- t/eöerzfacÄMM^s- 

Vereine.  Es  bestehen  im  heutigen  Deutschland  83  Dampfkessel- 
Ueberwachungs- Vereine  bezw.  Nebenstellen. 
Ausser  diesen  von  der  Industrie  selber  gebildeten  und  unterhaltenen  Vereinen 
bestehen  noch  die  beiden  folgenden  staatlichen  Stellen:  für  die  Freie  und 
Hansestadt  Hamburg:  Aufsichtsamt  für  Dampfkessel  und  Maschinen,  Ham- 
burg 1 1,  Admiralitätsstr.  56,  und  für  den  Freistaat  Hessen:  Hessische  Dampf- 
kessel-Inspektion, Darmstadt,  Waldstr.  51. 

Die  wärmewirtschaftlichen  Abteilungen  von  5  mitteldeutschen  Dampfkessel- 
Ueberwachungs- Vereinen  haben  gebildet  die 

(5)  Wärmestelle   der   mitteldeutschen   Dampfkessel-Ueberachungs-Vereine. 
Für  das  rechtsrheinische  Bayern  ist  zusammenfassend  tätig  die 

(6)  Wärmewirtschaftliche    Abteilung    des    Bayerischen    Revisions-Vereins. 
(Das   linksrheinische    Bayern   bearbeitet   der   Pfälzische    Revisions- Verein) . 

E.  Für  die  Eisenbahnen  des  Deutschen  Reiches: 

(7)  Es  bestehen  zurzeit  bei   10  Reichsbahndirektionen  Wärmewirtschafts- 

stellen. 

F.  Für  bestimmte  Industriezwecke  : 
(a)   Bergbau: 

Kohlenbergbau  : 

(8)  Wärmewirtschaftsstelle   der   niederschlesischen    ßergbauhilfskasse. 

(9)  Wärmewirtschaftliche     Abteilung     des     Dampfkessel-Ueberwachungs- 

Vereins  für  die  Zechen  im  Oberbergamtsbezirk  Dortmund. 

(10)  Wärmewirtschaftliche  Abteilung desBraunkohlen-Forschungs-Instituts 
Kali-Bergbau: 

(11)  Kali- Forschungs- Anstalt    G.m.b.H. 
(6)   Eisen-  und  MetallhüUen: 

(12)  Wärmestelle  des  Vereins  deutscher  Eisenhüttenleute. 
{c)  Eisen  und  Metall  verarbeitende  Industrie: 

(  1 3)   Giesserei-Beratungs-G. m.b.H. 
{d)   Glas-Industrie: 
(14)  Wärmeteiihnische  Beratungsstelle  der  deutschen  Glas-Industrie  (W.B.G.) 

♦Weitere  Einzelheiten  über  die  in  dieser  Liste  aufgezählten  Organisationen  sind 
im  Bericht  von  Herrn  E.  C.  Evans  zu  finden  (V3). 
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(e)   Keramische  Industrie: 

(15)  Wärmestelle  des  deutschen  Gips-Vereins. 

(16)  Wärmestelle  des  deutschen  Zementbundes. 

(17)  W^ärmestelle  der   Kalkindustrie. 

(18)  Wärmewirtschaftliche  Stelle   der  deutschen  keramischen   Gesellschaft 
(Fein-Keramik,  Porzellan,  Steingut  usw.) 

(/)    Gärungs-Industrie: 

(19)  Versuchs-  und  Lehranstalt  für  Brauerei  beim  Institut  für  Gärungsge- 
werbe. 

(20)  Versuchsanstalt   der    Hochschule    für    Landwirtschaft    und    Brauerei. 
(g)  Papier-  und  Zellstoff-Industrie: 

(21)  Wärmewirtschaftsstelle  der  westdeutschen  Papierfabriken. 
(Ä)   Isolierstoff-Industrie: 

(22)  Forschungsheim  für  Wärmeschutz. 

G.  Für  bestimmte  Brennstoffe: 
(a)  für  Steinkohlen: 

(23)  Feuerungstechnische    Abteilung    beim    rheinisch-westfälischen    Stein- 
kohlen-Syndikat. 

(24)  Feuerungstechnische  Abteilung  des  sächsischen  Steinkohlen-Syndikates, 
(i)  für  Braunkohlen: 

(25)  Technische  Abteilung  des  rheinischen  Braunkohlen-Syndikates. 

(26)  Feuerungstechnische    Abteilung    des    mitteldeutschen     Braunkohlen- 
Syndikates. 

(27)  Feuerungstechnische      Abteilung     des     ostelbischen      Braunkohlen- 
Syndikates. 

(28)  Feuerungs-  und  wärmetechnische  Beratungsstelle  der  Firma:  Verkauf 
Hessischer  Braunkohlen  G.m.b.H. 

(c)  für  Torf: 

(29)  Wärmewirtschaftliche   Beratungs-   und    Ueberwachungsstelle    bei   der 
Handelskammer   Oldenburg. 

[d)  für  Gas  und  Gaskoks: 

(30)  Zentrale  für  Gasverwertung. 

(31)  Wärmetechnische   Beratungsstelle   der   Wirtschaftlichen    Vereinigung 
Deutscher  Gaswerke   (Gaskoks-Syndikat). 


RÉSUMÉ 

Organisations  in  Germany  for  the  promotion  of  improved  methods  in 
the  use  of  fuel  and  heat  in  industry  are  manifold,  and  have  been  adapted 
to  the  different  and  detailed  requirements  of  the  various  branches. 
Trades  in  which  particular  importance  is  laid  on  costs  of  fuel  as  a  factor 
of  production,  and  in  which  the  fuel  policy  of  a  special  character 
is  entrusted  to  specially  trained  engineers,  have  set  up  their  own  organisa- 
tions. Other  branches  have  at  their  disposal  the  services  of  "Heat 
Economy  Departments"  of  the  Boiler  Inspectors'  Associations,  or  of  their 
group  formations,  if  they  are  not  desirous  of  joining  the  "Society  for  Firing 
and  Smoke  Abatement."  With  regard  to  the  most  advantageous  manner  of 
using  certain  kinds  of  fuel,  the  technical  consulting  offices  of  the  fuel  syndicates 
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and  experts  employed  by  large  coal  merchanting  firms  are  prepared  to  make 
recommendations.  Advice  in  respect  of  gas  supply  is  furnished  by  a  "Central 
Bureau  for  the  Use  of  Gas."  There  are  relatively  few  private  consulting 
experts  in  matters  concerning  fuel  and  heat. 

All  these  organisations  support  themselves  out  of  their  activities; 
entirely  from  industrial  funds,  partly  from  grants  of  industrial  associations, 
partly  from  membership  subscriptions,  and/or  from  payments  for  expert 
advice  or  special  work.  No  financial  or  other  support  is  now  afforded  by  the 
State  for  the  promotion  of  efficiency  in  the  use  of  fuel  and  heat  in  industry. 

This  series  of  organisations  has  its  spiritual  headquarters  in  the  "Head 
Office  for  Heat  Economy,"  which  is  also  financed  solely  from  members' 
subscriptions  or  from  means  placed  at  its  disposal  from  time  to  time  by 
industry  in  connection  with  special  investigations. 

The  contact  between  these  organisations  and  the  administrative  bodies 
established  by  law  for  the  coal  industry  is  maintained  by  the  "Techno- 
economical  Fuel  Committee  of  the  Federal  Coal  Council,"  which,  in  the  same 
way,  does  not  depend  on  State  funds,  but  is  financed  by  means  of  small  con- 
tributions imposed  on  the  coal  industry  under  authority  of  the  Coal  Act  of  1919. 

The  economic  results  achieved  by  all  these  organisations  are  undoubtedly 
considerable,  though  it  is  difficult  to  express  them  in  definite  figures.  The 
expenses  incurred  by  such  consulting  work  are  in  every  case  small  in 
comparison  with  the  gains  effected.  It  becomes  more  and  more  evident,  and 
finds  expression  in  the  methods  of  working  of  the  most  important  German 
industrial  organisations  concerned,  that  attention  to  a  fuel  and  heat  policy 
leads  to  many  indirect  advantages  to  the  works  as  a  whole,  from  the  efficiency 
of  which  fuel  and  heat  economy  can  scarcely  be  separated. 

Other  indirect  advantages  of  importance  are  the  enhanced  quality  of  products 
of  German  industry  as  a  whole,  particularly  of  branches  making  thermo- 
technical  apparatus,  and  the  improved  utilisation  of  German  fuels. 

The  valuable  impetus  given  to  German  technical  literature  by  this  movement 
is  also  worthy  of  mention. 

The  paper  furnishes  a  complete  list  of  all  German  organisations  concerned, 
further  particulars  of  which  are  given  in  the  collated  report  by  Mr.  E.  C.  Evans. 
It  also  gives  particulars  of  a  number  of  German  books  and  periodicals  special- 
ising in  fuel  and  heat  economy. 
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Relative  to  the  prices  of  most  other  commodities,  coal  was  never 
cheaper  than  it  is  to-day.  The  Board  of  Trade  price  index  number 
for  coal  in  June  1928  (1913=100)  was  117.2,  while  the  number 
for  all  commodities  was  142.3.  In  spite  of  this  cheapness,  how- 
ever, it  ma}'  seem  surprising  that  never  were  efforts  at  fuel 
economy  more  intensive  that  at  the  present  time.  The  reason  lies 
partly  in  the  fact  that  the  cost  of  coal  enters  as  an  item  in  the 
case  of  most  industrial  products  ;  and  in  some  cases  it  is  a  very 
serious  item.  With  the  purchasing  power  of  all  countries  con- 
siderably lower  as  the  result  of  the  War,  it  is  necessary  to  produce 
as  cheaply  as  possible,  and  in  turning  attention  to  the  possibilities 
of  reducing  cost,  it  is  found  in  many  cases  that  the  item  with  most 
scope  for  economy  is  that  of  fuel. 

A  further  reason  is  found  in  the  fact  that  efficiency  in  the  use 
of  fuel  frequently  necessitates  efficiency  in  all  stages  of  the 
process.  Fuel  efficiency  implies  plant  and  process  efficiency,  while 
an  accurately  determined  fuel  flow  sheet  in  a  works  necessitates 
an  accurate  materials  flow  sheet  if  fuel  consumption  per  unit  of 
product  at  every  stage  of  the  process  is  to  be  determined. 

The  collection  of  data  involved  in  systematic  fuel  control,  there- 
fore, frequently  indicates  possibilities  of  improvement  in  tech- 
nique which  may  have  far-reaching  results  on  the  works 
organisation. 
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Where  co-operative  investigation  of  its  fuel  problems  has  been 
instigated  in  an  industry  with  a  correlation  of  the  results  obtained 
al  individual  works,  possibilities  are  frequently  indicated  of  an 
important  national  character.  Thus,  in  some  countries  central 
organisations  for  fuel  control  have  resulted  in  the  development  of 
standardised  systems  of  costing,  and  more  recently  in  time  studies 
of  the  individual  operations  in  production,  which,  by  indicating 
the  bottle  necks  in  the  various  processes  involved,  indicate  possi- 
bilities of  improving  industrial  efficiency  as  a  whole  to  a  marked 
extent.  Improved  efficiency  of  plant  and  processes,  standardisa- 
tion of  costing,  centralised  heat  and  power  production  are  some  of 
the  ofifshoots  of  organised  fuel  control.  Results  of  the  efiforts  of 
organisations  specified  in  the  appendix  are  sufficient  to  demon- 
strate the  value  of  co-operation  in  connection  with  improved 
efficiency  in  the  use  of  fuel  in  industry,  with  its  correlated  effect 
on  industrial  economy. 

Steam  Users'  Associations 

The  earliest  organisations  dealing  with  the  efficient  use  of  fuel 
in  industry  were  the  Steam  Users'  Associations. 

Formed  primarily  for  the  promotion  of  safety  in  steam  pro- 
duction, they  have  played  an  important  part  in  the  improvement 
of  boiler  testing,  training  of  engineers,  and  in  investigation  of 
problems  of  steam  raising,  boiler  design  and  allied  subjects. 

The  first  organisation  of  this  character  was  the  Manchester 
Steel  Users'  Association,  which  was  formed  in  Great  Britain  in 
1855  "for  the  prevention  of  boiler  explosions  and  for  effecting 
economy  in  the  raising  and  use  of  steam."  The  well-known 
Alsatian  Association  des  Propriétaires  d'Appareils  à  Vapeur 
followed  in  1866,  and  to-day  there  are  over  eighty  similar  associa- 
tions in  Germany  and  a  number  of  others  in  Italy,  Sweden, 
Switzerland,   Belgium,  Austria,  and  other  countries. 

It  was  the  War,  however,  which  brought  home  to  all  industrial 
countries  a  realisation  of  the  basic  importance  of  fuel  to  national 
safety  and  welfare,  and  led  to  the  initiation  of  a  wide-spread 
movement  towards  scientific  utilisation  of  fuel  in  industry. 

Owing  to  military  operations  in  many  of  the  European  coalfields, 
the  productive  capacity  of  the  Continental  mining  industry  was 
seriously  curtailed,  and  the  resulting  fuel  shortage  was  accentu- 
ated by  the  depletion  of  mining  labour  due  to  the  demands  of 
military  service  and  the  unprecedented  requirements  of  fuel  for 
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the  manufacture  of  munitions.  It  has  been  estimated  that  at  the 
close  of  the  War,  European  coal  production  had  been  reduced  by 
30  per  cent,  and  the  shortage  was  accentuated  by  difficulties  of 
distribution  of  the  fuel  actually  available.  British  mines  were  not 
producing  a  surplus  over  home  needs  to  meet  the  demand  of  the 
Continent,  and  there  was  not  enough  shipping  available  to  permit 
of  importation  from  the  United  States.  Under  these  conditions, 
coal  prices  attained  unprecedented  levels,  and  rendered  absolutely 
imperative  measures  of  control  and  economy  of  a  character 
hitherto  never  found  necessary. 

The  logical  consequence  was  the  formation  in  a  number  of 
countries  of  organisations  formed  specifically  for  the  purpose  of 
promoting  the  rational  utilisation  of  fuel,  and  the  results  achieved 
have  been  of  such  value  that,  although  index  figures  of  coal 
prices  are  at  present  not  much  higher  than  those  prevailing  before 
the  War,  the  tendency  at  the  present  time  is  to  increase  rather 
than  to  diminish  the  activities  of  these  organisations.  Their 
nature  and  extent,  however,  differ  considerably  in  different 
countries,  depending  to  some  extent  on  the  relation  between  the 
quantity  of  home-produced  fuel  available  and  the  national  re- 
quirements, as  given  in  Table  I.^  In  countries  where  home- 
produced  fuel  supplies  are  insufficient  to  meet  home  demands,  the 
tendency  has  been  for  such  organisations  to  concentrate  on 
methods  of  utilisation  of  fuel  which  would  result  in  a  reduction 
of  consumption  per  unit  of  product  in  the  specific  industry  in- 
volved. In  countries,  on  the  other  hand,  producing  a  surplus  of 
coal  over  and  above  the  home  requirements,  investigations  have 
for  the  most  part  been  directed  towards  improving  the  market 
value  of  the  fuel,  especially  the  lower  grades,  rather  than  to 
directly  improve  fuel  efficiency  in  industrial  practice. 

Great  Britain 

This  is  the  case,  for  example,  in  Great  Britain,  where  there  is  a 
normal  surplus  above  home  requirements  of  the  order  of 
80,000,000  tons.  A  number  of  British  organisations  are  actively 
engaged  in  various  fuel  investigations,  but  the  majority  of  them 
concentrate  on  such  subjects  as  the  production  of  smokeless  fuels 
and  oils  from  coal  by  high  and  low-temperature  carbonisation, 
improvement  in  coke  quality,  technique  of  gas  production  and  so 

^  "Survey  of  Metal  Industries."     Report  of  Committee  on  Industry  and 
Trade,  Vol.  IV,  p.  416.     Published  by  H.M.  Stationery  Office. 
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Consumption 

of  Coal,  Coke 

Briquettes  and  Lignite  (in 
terms  of  Coal). 

The  Balance  of 

imports 
centage 

as  per- 
of  total 

Total  (million 

Per  head  in 

Countries. 

metric   tons   of 

metric   tons   of 

consumption. 

2,204  lb.) 

2,204  lb. 

Average. 

Average. 

1909-13. 

1925. 

1913. 

1925. 

1909-13. 

1925. 

North  America. 

Per  cent. 

Per  cent. 

Canada 

23 

25 

4-0 

2-6 

49-7 

62-4 

U.S.A 

442 

508 

5-1 

4-4 

— 

— 

South  America. 

Argentine 

4 

3 

0-5 

0-3 

100-0 

100-0 

Brazil    ... 

2 

21 

0-1 

0-071 

98-8 

86-81 

Chile      

2 

0-5 

0-5 

01 

85-8 

40-6 

Europe. 

■ 

Austria ... 

— 

6 

— 

0-9 

— 

86-0 

Belgium 

25 

313 

3-5 

3-9 

8-4 

24-63 

Czechoslovakia 

— 

16 

M 

— 

— 

France*... 

61 

74 

1^ 

1-8 

35-1 

35-7 

Germany^ 

159 

138 

2-6 

2-2 

— 

— 

Hungary 

— 

3 

— 

0-4 

— 

30-7 

'Italy      

10 

11 

0.3 

0.3 

98-6 

87-8 

Netherlands 

10'' 

12 

1-6 

1-6 

81-22 

41-0 

Poland 

— 

21 

— . 

0-7 

— 

— 

Russia  ... 

34 

17 

0-3 

Ol 

18-4 

— 

Spain     ... 

7 

8 

0-4 

0-4 

41-0 

22-3 

Sweden... 

5 

5 

M 

0-8 

94-0 

94-4 

Switzerland 

3 

3 

0-9 

0-7 

100-0 

100-0 

United  Kingdom^ 

184 

176 

4-2 

3-9 

— 

— 

Asia. 

China    ... 

14 

20 

0-03 

005 

6-9 

— 

India     ... 

15 

21 

005 

007 

— 

0-8 

Japan    ... 

16 

31 

0-4 

0-5 

— 

— 

Africa. 

Union  of  South  Africa 

6 

10 

1-2 

1-4 

— 

— 

Oceania. 

Australia 

8 

\6 

2-2 

2-2 

— 

— 

New  Zealand    ... 

2 

2 

1-4 

1-2 

4-7 

25-6 

1  1924.  *  1913.  3  Including  Luxemburg.  *  The  production  of  the  Saar  is  not 
included.  French  imports  include  imports  from  the  Saar.  For  1925  the  figure  of 
imports  from  the  Saar  in  1924  has  been  used,  i.e.,  5,214,000  tons.  *  Reparation 
deliveries  included.  ^  Figures  for  1 909- 1 3  are  calculated  on  the  basis  of  the  whole 
population  of  the  British  Isles  for  1925  without  the  Irish  Free  State. 

on,  all  of  which  regard  coal  as  a  raw  material,  capable  of  trans- 
formation to  products  of  a  higher  market  value. 
There  is,  however,  an  increasing  sense  of  the  importance  of 
fuel  efficiency  in  industries  where  fuel  is  a  predominant  item  in 
the  cost  sheet,  and  recent  years  have  seen  the  growth  of  organisa- 
tions whose  activities  have  been  specifically  devoted  to  this  end. 
Some  of  the  scientific  societies,  notably  the  Iron  and  Steel 
Institute,    Institution   of    Mechanical    Engineers,    Institution   of 
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Electrical  Engineers  and  others,  have  from  time  to  time  given 
questions  of  fuel  efficiency  some  degree  of  prominence  in  their 
transactions,  generally  with  relation  to  a  particular  interest  or 
industry  involved,  but  apart  from  the  work  of  the  Manchester 
Steam  Users'  Association,  very  little  had  been  done  of  a  national 
character  towards  improving  fuel  efficiency  in  industry,  before 
the  War.  The  shortage  of  fuel,  however,  which  began  to  be 
experienced  about  1915,  rendered  imperative,  investigation  into 
the  subject,  and  in  that  year  a  fuel  economy  campaign  was  initiated 
by  the  Government  Committee  controlling  the  supply  and  distri- 
bution of  coal.  Enactments  dealing  with  coal  and  coke  for  ex- 
port, early  closing  of  shops,  limitation  of  shop  lighting,  daylight 
saving,  etc.,  were  passed,  which  helped  to  limit  the  consumption 
of  coal  for  purposes  other  than  those  of  the  essential  industries. 
Some  attempts  were  also  made  by  suitable  propaganda  to  educate 
the  domestic  user  in  methods  of  coal  conservation,  whilst  a  sub- 
section of  the  Control  Department  was  set  up  dealing  with  the 
economy  in  the  use  of  coal  for  steam  production. 

It  was  recognised,  however,  that  the  fundamental  problems  of 
fuel  economy  were  of  a  character  that  could  not  be  solved  by 
war-time  legislation,  and  in  1916  a  Coal  Conservation  Committee 
was  appointed  under  the  chairmanship  of  the  late  Lord  Haldane, 
the  terms  of  reference  of  which  included  "to  consider  and  advise 
what  improvements  can  be  effected  in  the  present  methods  of 
using  coal  for  the  production  of  power,  light  and  heat,  and  of 
recovering  by-products  with  a  view  to  ensure  the  greatest 
possible  economy  in  production  and  the  most  advantageous  use 
of  the  coal  substance." 

It  was  found  that  there  were  many  questions  within  the  scope 
of  the  inquiry  of  the  Committee  which  necessarily  involved  re- 
search. The  Advisory  Council  of  Scientific  and  Industrial  Research 
— ^which  had  been  established  in  1916 — was,  therefore,  approached 
in  order  to  ascertain  how  co-operation  with  that  body  could  be 
secured,  and  the  subsequent  negotiations  led  to  the  establishment 
in  1917  of  the  Fuel  Research  Board,  under  the  direction  of  the 
late  Sir  George  Beilby. 

The  first  important  Report  issued  by  the  Coal  Conservation 
Committee-  dealt  with  the  generation  and  transmission  of  power 
and  recommendations  were  made  :  — 

2  Report,  Coal  Conservation  Committee.     Final  Report.    H.M.  Stationery 
Office,  London,  1918. 
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(1)  That  control  of  electrical  power  production  and  distribu- 
tion be  vested  in  a  single  body  of  electrical  commissioners. 

(2)  That  a  comprehensive  national  policy  of  pov^^er  production 
and  generation  be  adopted. 

(3)  That  generating  units  should  be  as  large  as  possible,  erected 
on  sites  which  would  allow  combination  of  coal  carbonising 
plants,  electro-chemical  and  other  plant  requiring  large 
amounts  of  electrical  energy. 

(4)  That  electrical  distributing  systems  should  be  connected 
with  existing  sources  of  power,  such  as  waste  gas  and 
heat,  and  deliver  energ}^  where  needed. 

Later,  the  committee  recommended  :  — 

(1)  That  a  national  physical  and  chemical  survey  be  made  of 
British  coals. 

(2)  That  methods  of  low-temperature  carbonisation  be  tested 
and  developed. 

(3)  That  investigation  be  made  into  : — 

(a)  Methods  of  using  more  effectively,  coals  at  present 

marketed  and  consumed   in  the   raw   state. 
{h)  Methods  of  using  inferior  coals,  shales,  and  so  on. 
(c)  Investigation  be  made  by  (a)  and   {h)  to  add  to  the 
home  supplies  of  by-products  of  carbonisation  which 
at  present  had  to  be  imported,  e.g.,   fuel  oil,  motor 
spirit  and  so  on. 
The  necessity  for  trained  fuel  experts  in  industry  and  of  fuel 
economy    and    control    in    iron    and    steel    production    was    also 
emphasised  by  the  Committee. 

A  study  of  the  particulars  of  the  British  organisations  submitted 
in  Appendix  I  indicates  the  extent  to  which  these  far-reaching 
recommendations  have  been  adopted  in  practice.  The  recom- 
mendations of  the  Sub-Committee  dealing  with  power  production 
were  partly  adopted  by  the  passing  of  the  Electricity  (Supply) 
Act  in  1919,  which  brought  into  being  a  central  body  of  electrical 
commissioners,  whose  duties  were  to  co-ordinate  the  generation 
of  electricity  throughout  the  country,  with  a  view  ultimately  to 
securing  the  eventual  concentration  of  power  production  in  a 
limited  number  of  interconnected  stations  under  unified  control. 
This  was  to  be  achieved  by  co-operative  action  of  the  various 
supply  companies  on  a  voluntary  basis.  Difficulties,  however, 
were  experienced,  and  in  1926  a  further  Act  was  passed  which 
provided  an  obligatory  basis  for  the  co-ordination  of  power 
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generation  through  the  instrumentality  of  a  new  public  body — 
the  Electricity  Board — which  became  the  authorised  authority  for 
power  production  throughout  the  whole  of  Great  Britain. 

Power  production  has,  therefore,  become  national  in  character; 
and  whilst  criticisms  have  been  levelled  against  many  of  the 
provisions  of  the  Act,  the  co-ordination  of  electrical  supply  and 
distribution  effected  is  bound,  ultimately,  to  react  on  the  fuel 
efficiency  of  power  generation  and  utilisation. 

The  recommendations  of  the  Coal  Conservation  Committee  with 
respect  to  the  investigation  of  British  coals  are  being  actively 
prosecuted. 

The  Fuel  Research  Board,  by  means  of  committees  established 
throughout  the  coalfields,  is  making  a  systematic  survey  of  British 
coals,  which  will  certainly  be  of  benefit  ultimately  both  to  pro- 
ducers and  consumers. 

The  technical  problems  of  low-temperature  carbonisation  have 
been  the  subject  of  active  investigation  both  by  the  Fuel  Research 
Board  and  a  number  of  individual  investigators.  Many  of  the 
difficulties  that  were  experienced  at  the  outset  have  been  over- 
come, and,  under  favourable  conditions,  there  are  now  com- 
mercial possibilities  of  converting  small  coals  of  comparatively 
low  value  into  smokeless  fuels  suitable  for  domestic  requirements. 
In  this  connection,  the  Fuel  Research  Board  has  itself  evolved 
a  simple  system  of  low-temperature  carbonisation  which  has,  on 
a  small  scale,  been  in  operation  over  an  extended  period,  whilst 
the  fundamental  work  done  by  the  Board  in  connection  with  the 
problem  has  been  of  considerable  service  to  other  workers  in  the 
same  field. 

Problems  of  coal  cleaning,  gas  production,  hydrogénation  of 
coal  and  so  on,  are  receiving  detailed  attention  at  the  Fuel  Re- 
search Station,  Greenwich,  the  work  in  many  cases  being  done  on 
a  plant  of  a  size  and  character  approaching  that  of  commercial 
units. 

Side  by  side  with  this  work,  which  has  been  supported  com- 
pletely by  Government  grants,  a  number  of  research  associations, 
research  committees  and  individual  workers,  financed  by  contribu- 
tions from  industry,  and,  in  some  cases,  partly  by  contributions 
from  the  Department  of  Scientific  and  Industrial  Research,  are 
investigating  problems  of  specific  interest  to  the  particular  indus- 
tries involved,  much  of  the  work  being  co-ordinated  and  to  some 
extent  controlled,  by  representatives  of  the  Fuel  Research  Board. 

1311 


ORGANISATIONS 

This  work  has  been  carried  out  very  largely  by  such  University 
centres  as  Birmingham,  Leeds,  Manchester  School  of  Technology, 
Sheffield,  Imperial  College  of  Science  and  Technology,  South 
Kensington,  Royal  Technical  College,  Glasgow,  Armstrong 
College,  Newcastle-on-Tyne  and  so  on  where  Chairs  of  Fuel 
Technology  have  been  established^  or  where  the  professorial  staff 
has  taken  an  active  interest  in  the  application  of  science  to  the  fuel 
problems  of  industry.  'Among  the  organisations  engaged  on  this 
work  are  : — 

Safety  in  Mines  Research  Board.  Problems  relating  to  safety 
in  mines  are  investigated  by  the  Board,  much  of  the  work — for 
example,  the  investigation  of  the  constitution  of  coal,  etc. — being 
of  direct  interest  in  other  branches  of   fuel  technology. 

Lancashire  and  Cheshire  Coal  Research  Association.  This 
association  works  in  connection  with  the  D.S.I.R.,  Safety  in 
Mines  Research  Board,  British  Colliery  Owners'  Research 
Association,  and  also  engages  in  research  on  problems  of  particular 
interest  to  its  members,  and  frequently  of  general  scientific  interest. 

The  Gas  Investigation  Committee  of  the  Institution  of  Gas 
Engineers,  in  conjunction  with  the  University  of  Leeds,  studies 
the  destructive  distillation  of  coal  at  high  temperatures. 

The  Benzol  Research  Committee  of  the  National  Benzol  Associa- 
tion investigates  matters  of  interest  to  the  Benzol  industry. 

Coke  Research  Committees,  established  by  the  National  Federa- 
tion of  Iron  and  Steel  Manufacturers  and  supported  partly  by 
contributions  from  the  Mining  and  Iron  and  Steel,  Gas  and 
Chemical  industries,  and  partly  by  a  grant  from  the  D.S. LR.,  are 
working  in  conjunction  with  the  Universities  of  Sheffield,  Durham 
(Armstrong  College),  and  the  Royal  Technical  College,  Glasgow, 
on  problems  of  coke  production;  whilst  The  British  Colliery 
Ozvners'  Research  Association  with  the  University  of  Birmingham 
are  engaged  on  a  research  into  coal  hydrogénation. 

In  view  of  these  activities,  research  on  coal  and  allied  subjects  is 
proceeding  in  Great  Britain  at  a  faster  rate  than  at  any  period 
in  her  industrial  history,  and  the  work  that  is  being  done  at  the 
present  time  is  already  bearing  fruit,  not  only  in  the  direct  results 
obtained  but  in  the  liaison  that  is  being  effected  between  science 
and  industry  and  in  the  spirit  of  co-operation  that  has  been 
developed  between  firms  and  individuals  in  the  same  industry, 
who  might,  in  commercial  fields,  be  competitors  one  with  the  other. 

In  this  respect,  therefore,  the  recommendations  of  the  Coal 
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Conservation  Committee  have  been  generally  adopted,  and  it  may 
be  confidently  asserted  that  fuel  efficiency  has  become  established 
as  one  of  the  most  important  developments  in  industrial  technique. 
A  study  of  Herr  Dipl.  Ing.  zur  Nedden's  report  on  the  work  that 
is  being  done  in  this  direction  in  Germany  and  the  particulars  of  the 
organisations  furnished  by  him  (included  for  convenience  in  the 
appendix  to  this  paper)  indicate  that  developments  have  been 
more  extensive  in  Germany  than  in  this  country.  Compared  with 
the  remarkable  list  of  German  organisations,  most  of  which  are 
financed  and  controlled  directly  by  the  industries  involved, 
organisations  whose  work  merits  the  fullest  possible  recognition 
for  their  efficiency  and  direct  value  to  industry,  Great  Britain, 
owing  to  pre-war  abundance  of  cheap  fuel  and  the  difficulties 
arising  from  post-war  industrial  economic  adjustment,  has  not 
made  the  same  progress  ;  although,  even  under  present  difficulties, 
the  rate  of  progress  is  now  most  encouraging. 

The  British  organisations  dealing  with  the  utilisation  of  fuel  in 
industry  are  of  comparatively  recent  growth,  and  include  : — 

The  National  Fuel  and  Power  Committee. 

Fuel  Committee  of  the  F.B.I. 

Fuel  Committee  of  the  National  Federation  Iron  and   Steel 

Manufacturers. 
Institute  of  Fuel. 

Joint  Fuel  Committee  of  the  Society  of  Chemical  Industries. 
Coke  Oven  Managers'  Association. 
Institute  of  Fuel  and  Institution  of  Gas  Engineers. 

Of  these,  the  Institute  of  Fuel  is  a  scientific  society,  supported 
entirely  by  subscriptions  of  members  and  formed  primarily  with 
the  object  of  co-ordinating  work  relative  to  fuel  and  of  making 
the  fuel  experience  of  every  industry  available  to  all.  Its  efforts 
up  to  the  present  have  been  directed  mainly  to  the  reading  of 
papers  and  the  publication  of  a  journal  dealing  with  subjects 
discussed  by  its  members. 

The  National  Fuel  and  Power  Committee  was  formed  on  the 
recommendation  of  the  Royal  Commission  of  the  coal  industry  in 
August  1926,  to  make  a  comprehensive  surve}'  of  the  heat,  light, 
and  power  requirements  of  various  industries  or  of  the  country  as 
a  whole,  and  to  determine  how  they  could  be  most  economically 
met  by  the  processes  at  present  commercially  available.  A  body 
of  distinguished  industrialists  was  appointed  by  the  Government 
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to  carry  out  the  terms  of  this  recommendation,  but  no  report  has 
yet  been  issued  by  the  committee.^ 

The  committees  estabUshed  by  the  Federation  of  British 
Industries  and  by  the  National  Federation  of  Iron  and  Steel 
Manufacturers  deal  specifically  with  the  use  of  fuel  in  industries 
represented  by  them.  They  are  maintained  from  the  funds  of  the 
respective  federations,  and,  consequently,  the  finance  available  for 
carrying  out  the  work  is  naturally  limited  in  relation  to  the  field 
to  be  covered. 

On  the  basis  of  German  experience,  there  is  room  for  a  consider- 
able expansion  of  British  activities  in  the  establishment  of  fuel 
economy  organisations  directly  concerned  with  the  application  in 
individual  industries  of  known  scientific  methods  or  of  the  results 
of  research  as  and  when  they  become  available. 

The  question  arises  whether  this  work  should  be  financed  and 
controlled  entirely  by  the  industries  concerned  or  whether  Govern- 
ment support  at  the  present  stage  might  be  advantageous.  In  this 
connection  the  enormous  impetus  that  has  been  given  to  research 
in  various  fields  by  a  relatively  small  State  expenditure,  appears  to 
indicate  that  more  rapid  progress  would  be  made,  provided  similar 
assistance  were  given  to  investigations  of  an  essentially  practical 
character.  The  possibilities  of  co-ordination  of  the  fuel  experi- 
ence of  various  works  or  of  various  industries  that  would  be 
obtained  by  this  means  would  give  a  stimulus  to  the  adoption  of 
scientific  control  in  fuel  utilisation  that  would  undoubtedly  react 
not  only  to  the  benefit  of  the  consuming  industries,  but  also  to  the 
mining  industry,  with  a  consequent  increase  in  the  employment 
capacity  of  the  country. 

Germany 

The  particulars  of  German  organisations  dealing  with  fuel  con- 
trol given  by  Herr  Dipl.  Ing.  zur  Nedden,  make  a  detailed  descrip- 
tion unnecessary,  but  a  brief  analysis  of  their  development  may 
serve  to  illustrate  world  tendencies  with  respect  to  fuel  utilisation. 

Under  pre-war  conditions,  the  coal  production  of  Germany  was 
nearly  279,000,000  metric  tons  (including  lignite)  and  home  con- 
sumption approximately  253,000,000  tons,  leaving  a  surplus  avail- 
able for  export. 

Under  these  conditions,  organisations  dealing  with  fuel  utilisa- 
tion were  of  a  character  very  similar  to  those  in  Great  Britain 
^  A  report  was  issued  in  September,  1928  [Ed.] 
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dealing  chiefly  with  questions  of  steam  raising  and  with  investiga- 
tions tending  to  improve  the  value  of  the  product. 

In  the  early  post-war  period,  conditions  completely  changed. 
Although  Germany  possessed  in  the  Ruhr  and  Westphalian  basin 
the  largest  coalfield  in  Europe,  the  loss  of  the  Saar  and  Polish 
Silesia,  with  coal  output  amounting  in  1913  to  a  total  of  about 
53,000,000  tons,  together  with  the  necessity  of  supplying  Repara- 
tion coal  to  Luxemburg,  Belgium,  Italy  and  France,  amounting 
to  an  average  of  about  18,000,000  tons,  left  Germany — in  the 
early  post-war  period — with  an  available  supply  about  33  per  cent, 
less  than  that  of  pre-war. 

Shortage  of  capital  prohibited  at  the  outset  sinking  new  shafts 
or  installing  plant  for  fuel  saving — the  only  solution  lay  in 
adopting  measures  of  fuel  economy  in  existing  plant.  Starting 
with  the  formation  of  the  Wärmestelle  of  the  Verein  Deutscher 
Eisenhüttenleute  in  1919,  under  the  direction  of  Dr.  K.  Rummel, 
the  remarkable  series  of  organisations  described  by  Herr  zur 
Nedden  were  developed  in  1920-1,  their  work  being  correlated  by 
the  Hauptstelle  für  Wärmewirtschaft  at  Berlin.  The  large  works 
also  formed  their  own  Wärmestellen  or  Heat  Economy  Bureaux, 
the  necessary  personnel,  which  in  the  iron  and  steel  industry  alone 
amounted  to  over  1,000  persons,  being  recruited  mostly  from  the 
existing  staff  and  trained  partly  by  assistance  from  the  central 
Wärmestellen,  and  partly  by  their  ow^n  works  experience. 

The  result  has  been  not  only  a  remarkable  saving  in  fuel  con- 
sumption per  unit  of  product,  but  what  is  still  more  important, 
the  realisation  that  fuel  economy  ultimately  involves  technical 
efficiency  at  every  stage  of  the  process.  Reduction  in  fuel  costs 
as  the  result  of  control  has  led  to  reduction  in  all  other  working 
costs,  as  well  as — in  most  cases — improvement  in  the  quality  of 
the  product.  (The  same  experience  has  been  the  case  in  British 
works,  where  systems  of  fuel  control  have  been  established.) 

Another  development  of  considerable  importance  has  been  the 
simplification  of  cost  accounting.  The  measurement  of  heat  and 
energy  into  various  departments  of  a  large  works  for  the  purpose 
of  accurate  costing  has  naturally  implied  a  clear  check  on  such 
other  items  as  materials,  transport,  labour,  and  even  overhead 
charges,  so  that  cost  accounting  has  become,  essentially  in  many 
cases,  the  joint  function  of  the  engineer  and  accountant. 

Results,    therefore,    have    been    far-reaching,    and    the    rapid 
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economic  recovery  of  Germany  during  the  past  few  years  has 
been  materially  assisted  by  the  work  of  these  organisations. 

France 

Before  the  War,  French  coal  requirements  amounted  to  about 
61,œO,0(X)  tons  per  annum,  French  production  to  about  41,000,000 
tons  (including  about  810,000  tons  of  lignite),  necessitating  the 
importation  of  about  20,000,000  tons.  After  the  War,  the  French 
requirements  were  increased  by  the  demands  of  annexed  Lorraine, 
which  amounted  in  1913  to  approximately  11,000,000  tons.  This 
additional  demand  could  be  met  partly  by  a  small  supply  of  coal 
from  Alsace  Lorraine,  which  in  1913  amounted  to  nearly  4,000,000 
tons  ;  and  partly  by  the  surplus  from  the  Saar  coalfield,  the  output 
of  which  amounted  to  nearly  13,000,000  tons,  the  requirements  of 
the  coalfield  being  about  5,500,000  tons.  The  coalfields  of  the 
Nord  and  Pas  de  Calais  were,  however,  non-producers  immedi- 
ately after  the  War,  and  a  serious  shortage  of  fuel  resulted,  which 
was  only  partly  met  by  Reparations  coal. 

Whilst,  to  some  extent,  there  existed  at  different  centres. 
Associations  de  Propriétaires  d'Appareils  à  X^apeur,  whose  func- 
tions were  similar  to  those  of  the  Manchester  Steam  Users' 
Association,  little  co-operative  work  had  been  done  in  France 
before  the  War  in  the  direction  of  the  scientific  utilisation  of  fuel, 
but  post-war  shortage  led  to  the  establishment  of  a  number  of 
important  organisations.  An  Interministerial  Committee  for  the 
utilisation  of  fuel  was  formed  by  the  Ministry  of  Public  Works, 
which,  in  1923-28,  promoted  Congresses  of  Industrial  Heating. 
A  Committee  of  Fuel  Economy  was  established  in  Paris,  whilst 
research  on  fuel  was  undertaken  by  the  Direction  des  Recherches 
Scientifiques  et  Industrielles  et  des  Inventions  and  by  the  Comité 
des  Houillères  and  the  Comité  Central  des  Cokes  de  France. 
Fuel  control  organisations  were  also  established  by  some  of  the 
larger  works  with  excellent  results.  The  most  important  work 
in  France  probably  is  that  done  by  the  L'Office  Centrale  de 
Chauffe  Rationnelle.  This  organisation,  which  is  supported  chiefly 
by  contributions  from  the  industrialists  who  are  interested  in  the 
movement,  and  only  partly  by  the  State,  has  established  a  Central 
Laboratory  in  Paris  with  a  School  for  training  engineers  in 
methods  of  fuel  control.  Systematic  testing  of  fuel-using  plant 
at  the  works  of  the  members  of  the  organisation  is  performed  by 
the  professorial  staff'  of  the  Olifice  Centrale,  and  the  results, 
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which   are   published   in   the   Journal    Chaleur  et  Industrie,   are 
frequently  of  considerable  interest  to  fuel  technologists.     It  is 
probable  that  the  activities  of  this  organisation  will  extend,  as 
the  fuel  position  in  France  is  still  unsatisfactory. 

Consumption  in  1927  was  nearly  80,000,000  tons,  whilst  the 
production  from  the  French  mines  (including  lignite)  together 
with  those  of  the  Saar,  amounted  to  67,000,000  tons,  leaving  a 
deficit  of  about  14,000,000  tons.  Whilst  the  position  has  been 
ameliorated  to  some  extent  by  the  rapid  development  of  the  mines 
in  the  North  of  France,  and  the  expansion  of  hydro-electric  power 
schemes  which  are  now  producing  about  3,500,000  H.P.,  the 
demands  of  French  industry  are  increasing,  and  it  is  unlikely  that 
France  will  become  self-supporting.  Under  these  conditions, 
considerable  interest  continues  to  be  taken  in  questions  relating 
to  fuel  economy,  and  rapid  developments  have  taken  place  in 
such  directions  as  utilisation  of  powdered  fuel,  improvement  of 
metallurgical  coke  from  coals  of  France  and  the  Saar,  low- 
temperature  carbonisation,  and  other  problems  of  interest  to 
fuel  technologists. 
Belgium  and  Luxemburg 

Luxemburg,  which  was  part  of  the  German  Austrian  Union 
before  the  War,  was  allied  with  Belgium  for  economic  purposes, 
in  May  1922.  Luxemburg,  although  a  most  important  metal- 
lurgical centre,  producing  about  2,500,000  tons  of  pig  iron  and 
over  2,000,000  tons  of  steel  per  annum,  possesses  no  coal  resources, 
and  coke  supplies  are  mainly  obtained  from  the  Ruhr.  The 
dependence  of  the  country  has  made  fuel  control  a  necessity,  and 
the  large  metallurgical  organisations,  like  the  Arbed  group,  have 
established  fuel  economy  bureaux,  which  are  doing  excellent  work. 

Fuel  receives  attention  from  the  Association  Luxembourgeoise 
des  Ingénieurs  et  Industriels,  whilst  some  research  on  fuel  is  done 
at  the  Emile  Metz  Institute  at  Luxemburg. 

Coal  production  in  Belgium  in  1927  was  a  little  over  27,000,000 
tons,  and  consumption  22,500,000  tons.  The  corresponding 
figures  in  1913  were  about  22,500,000  tons  and  26,000,000  tons 
respectively,  so  that  home  consumption — due  to  development  of 
industry,  has  increased  more  rapidly  than  production. 

The  developments  of  the  Campine  field,  the  production  of  which 
has  risen  from  10,000  tons  in  1917  to  over  1,100,000  tons  in  1926, 
promised  to  be  of  considerable  importance  in  the  future  as  the 
coal  is  of  good  coking  quality. 
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Belgium  is,  therefore,  practically  independent  of  foreign  supplies 
of  fuel,  and  naturally  little  has  been  done  of  a  national  character 
in  connection  with  fuel  economy. 

A  steam  users'  association  (Association  Vinçotte  pour  la  Sur- 
veillance des  Chaudières  à  Vapeur)  was  formed  in  1872,  whilst 
work  on  fuel  is  also  done  by  the  Association  Beige  de  Standardisa- 
tion, financed  chiefly  by  contributions  from  industrial  groups  and 
assisted  by  a  small  Government  grant. 

Papers  of  interest  to  fuel  users  are  from  time  to  time  published 
in  the  Revue  Universelle  des  Mines,  the  journal  of  the  Associa- 
tion des  Ingénieurs  of  Liege. 

Sweden 

Sweden  produces  about  300,000  to  400,000  tons  of  coal  per 
annum,  and  consumes  about  5,000,000  tons.  During  its  long 
association  with  the  iron  industry,  particularly  in  the  manufacture 
of  charcoal  iron,  Sweden  has  frequently  been  a  pioneer  with 
respect  to  scientific  utilisation  of  fuel,  and  in  this  direction  the 
Jernkontoret  or  Association  of  Swedish  Ironmasters,  has  played 
an  honourable  part  both  in  research  and  in  the  application  of 
science  to  industry. 

Active  work  is  done  by  organisations  connected  with  the  Gas 
and  Electricity  industries,  by  Steam  Users'  Associations,  and 
the  Swedish  Institute  of  Research.  A  sub-division  of  this 
Institute  is  engaged  on  investigations  connected  with  electrical 
heating. 

Italy 

Italy  produces  a  small  quantity  of  coal  (mostly  lignite)  of  the 
order  of  1,250,000  tons,  but  has  to  import  annually  about 
10,000,000  tons.  Before  the  War,  this  was  purchased  under  the 
control   of   laboratories   established   at   exporting   centres. 

In  1927,  a  compulsory  federation  of  all  fuel  users  was  estab- 
lished by  the  Government,  by  amalgamation  of  a  number  of 
existing  associations.  The  new  association,  the  "Associazione 
Nazionale  per  il  Controllo  della  Combustione,"  was  formed,  with 
a  view  to  securing  safety  and  efficiency  in  fuel  utilisation,  and  is 
financed  by  an  annual  levy  on  industrial  fuel  users  proportionate 
to  the  capacity  of  the  plant.  The  headquarters  of  the  association 
are  at  Rome,  whilst  district  offices  have  been  established  at  a 
number  of  the  principal  cities.  A  monthly  journal,  //  Calorie, 
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is    published,    whilst    a    training    school    for    stokers    has    been 
established. 

Holland 

The  production  of  coal  in  Holland  is  of  the  order  of  9,000,000 
tons  per  annum,  consumption  being  about  12,000,000  tons. 

A  steam  users'  association  was  established  in  1915,  with  offices 
at  Groningen  and  Amsterdam,  which,  in  addition  to  boiler  testing, 
etc.,  initiates  educational  courses  for  engineers,  stokers,  etc. 

A  Fuel  Economy  Bureau  was  established  in  1925  at  Helversum, 
which  gives  advice  to  subscribing  members  on  fuel  questions, 
whilst  a  Government  Institution  of  Fuel  Economy  directly 
financed  by  the  State,  was  formed  in  1920,  which,  in  addition  to 
advisory  work  engages  in  research  into  various  aspects  of  fuel 
technology,  and  has  initiated  educational  courses  for  firemen. 

Dutch  East  Indies 

Work  on  fuel  economy  is  performed  at  the  Experimental  Station 
of  the  Java  sugar  industry,  which  has  considerably  reduced  con- 
sumption in  the  industry.  The  work  is  financed  by  members' 
subscriptions, 

Czechoslovakia 

Coal  production  is  of  the  order  of  14,000,000  tons,  and  lignite 
20,000,000  tons  per  annum,  home  consumption  being  about 
16,000,000  tons. 

Fuel  economy  bureaux  have  been  established  by  the  larger 
metallurgical  works,  such  as  Witkowitz,  some  of  whose  work 
is  well  known  in  other  countries,  whilst  in  1922  a  Government 
Institute  for  fuel  economy  was  established,  with  departments  for 
fuel  research  and  technical  heat  research. 

It  is  proposed  to  re-organise  the  Chemical  department  of  this 
Institute  into  a  Fuel  Research  Institute  during  the  present  year, 
to  be  maintained  partly  by  the  mining  industry,  supported  by 
Government  grants,  whilst  the  Technical  Heat  Research  Depart- 
ment will  be  maintained  under  Government  control. 

Austria 

Under  post-war  conditions  Austria  uses  about  6,000,000  tons 
of  coal  per  annum,  the  bulk  of  which  is  imported. 

The  importance  of  fuel  efficiency  is  therefore  obvious,  and  in 
1921  the  Austrian  Federation  of  Industries  formed  the 
Gesellschaft    für    Wärmewirtschaft    (G.W.)    to    promote    heat 
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economy  in  industry.  This  Association,  which  was  reorganised 
in  1923,  is  financed  chiefly  by  a  subsidy  from  the  Austrian 
Chamber  of  Commerce  and  partly  by  members'  subscriptions. 

The  G.W.  pubHshes  from  time  to  time,  hterature  and  reports 
of  interest  to  fuel  users,  and  also  holds  training  classes  for 
firemen,  engineers,  etc.  A  number  of  committees  have  been 
appointed  to  deal  with  specific  aspects  of  fuel  technology. 

Russia  (U.S.S.R.) 

Fuel  organisations  in  Russia  are  dealt  with  separately  in  a 
communication  from  the  Russian  National  Committee. 

Hungary 

Hungary  produces  about  6,000,000  tons  of  lignite  and  750,000 
tons  of  coal  per    annum. 

A  research  and  testing  station  has  been  established  and  financed 
by  the  Government  primarily  to  develop  the  rational  use  of 
lignite  for  industrial  and  domestic  use. 

Japan 

Production  and  consumption  of  coal  in  Japan  are  of  the  order 
of  30,000,000  tons  per  annum. 

Fuel  research  is  conducted  by  the  Government  at  a  station  near 
Tokio  (The  Imperial  Fuel  Research  Institute)  established  in 
1920,  whilst  a  Fuel  Society,  supported  by  members'  subscriptions 
acting  in  liaison  with  the  Research  Institute,  undertakes  the  work 
of  promotion  of  fuel  technology  in  industry. 

The  Imperial  Gas  Association  of  Japan  specialises  in  work  of 
specific  interest  to  the  gas  industry. 

British  Empire 

Canada. — Coal  production  in  Canada  is  of  the  order  of 
9,000,000  tons  per  annum,  with  a  further  1,000,000  tons  of 
lignite. 

Consumption  is  about  25,000,000  tons,  imports  for  the  most 
part  being  from  the  U.S.A. 

Extensive  fuel  research  is  conducted  by  the  Mines  Branch, 
Division  of  Fuels,  which  was  founded  in  1907,  of  the  Dominion 
Government  and  the  activities  of  this  excellent  institution  also 
include  direct  services  to  firms,  plant  efficiency  tests,  etc. 

Work  is  also  conducted  by  the  Provincial  Governments  of 
Alberta  and  Nova  Scotia  at  the  University  of  Alberta  and  the 
1320 


GREAT  BRITAIN:    EFFICIENT   USE   OF   FUEL 

Nova  Scotia  Technical  College,  financed  by  Provincial  Govern- 
ment grants  for  the  purpose  of  investigating  fuel  problems  of 
specific  interest  to  these  provinces. 

New  Zealand. — Coal  consumption  is  about  2,000,000  tons  per 
annum  in  New  Zealand,  25  per  cent,  of  which  is  imported. 
Investigations  on  fuel  questions  of  national  interest  are  made 
by  a  Fuel  Research  Association,  supported  by  a  grant  from  the 
New  Zealand  D.S.I.R. 

India. — Produces  and  consumes  about  21,000,000  tons  of  coal 
per  annum.  No  specific  organisations  have  been  formed  for  fuel 
research,  but  the  subject  receives  considerable  attention  from  the 
Indian  Geological  Survey. 

United  States 

The  United  States  is  the  largest  coal  producing  country  in  the 
world,  production  of  coal  being  over  500,000,000  tons,  a  figure 
very  nearly  approaching  the  whole  of  European  output. 
Considerable  investigation,  therefore,  takes  place  into  fuel 
problems  ;  but  as  the  United  States  is  a  cheap  fuel  country,  these 
investigations  are  on  somewhat  similar  lines  to  those  in  Great 
Britain  and  have  not  followed  the  lines  developed  for  example, 
in  Germany,  of  direct  investigation  of  fuel  efficiency  in  industry. 
On  the  whole,  American  investigations  are  of  a  more  practical 
character  than  is  the  case  in  this  country,  although  some  funda- 
mental work  of  a  high  standard  is  done  by  some  of  the 
organisations. 

Large  scale  research  on  coal  problems  was  instituted  by  the 
Federal  Government  in  1910,  by  the  establishment  of  the  United 
States  Bureau  of  Mines.  The  work  of  this  organisation  is  well 
known  to  all  fuel  technologists,  and  an  important  feature  is  the 
admirable  research  work  carried  out  not  only  in  the  laboratory 
and  on  the  semi-commercial  plants  erected  at  the  testing  stations 
of  the  Bureau,  but  on  blast  furnaces,  boilers  and  other  fuel 
consuming  plants  working  under  commercial  conditions.  Such 
work  is  only  possible  by  the  fullest  co-operation  of  the  large 
individual  firms,  and  has  proved  of  especial  value  to  students  of 
fuel  problems  in  metallurgical  practice  and  other  fields  of 
activity. 

The  problems  of  individual  industries  are  dealt  with  by 
committees  of   technical  societies  and  associations  such  as  the 
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American  Society  of  Mechanical  Engineers,  American  Chemical 
Society,  American  Institution  of  Mining  and  Metallurgical 
Engineers,  the  American  Railway  Fuel  Association,  the  American 
Gas  Association,  the  Prime  Movers  Committee  of  the  National 
Electric  Light  Association,  and  so  on. 

A  special  feature  of  United  States  practice  is  the  promotion 
of  congresses  of  technologists  interested  in  particular  branches 
of  fuel  utilisation.  At  these  meetings,  particulars  of  members' 
problems  and  experiences  are  freely  exchanged,  as  it  is  recog- 
nised that  the  collective  experience  of  the  whole  is  of  much 
greater  value  to  the  individual  than  the  exclusive  retention  of 
his  own  results. 

Research  work  is  done  by  such  institutions  as  the  Mellon 
Institute  of  Industrial  Research,  the  University  of  Pittsburgh, 
the  University  of  Pennsylvania,  the  Massachusetts  Institute  of 
Technology,  the  University  of  Illinois,  the  Carnegie  Institute  of 
Technology,  and  so  on.  The  standing  of  the  investigators 
engaged  on  the  work  is  of  a  high  order  and  their  results  are 
frequently  of  considerable  fundamental  importance. 

As  yet,  however,  there  does  not  seem  to  be  any  co-operative 
organisation  functioning  on  the  lines  of  the  Steam  Users' 
Associations  established  in  Europe,  neither  have  there  been 
established  specific  organisations  for  the  purpose  of  promoting 
fuel  economy  in  works  practice.  Many  of  the  works  employ 
combustion  engineers,  but  apart  from  the  publication  of  their 
experience  at  the  congresses  and  meetings  of  various  societies 
that  are  periodically  held,  there  exists  no  medium  for 
co-ordinating  their  activities,  of  the  character  of  the  Warmestelle 
in  Germany,  The  reasons  have  been  implied  by  H.  A.  Brassert, 
when  he  points  out  that  the  chief  desideratum  in  the  United 
States,  is  maximum'  output  with  lowest  labour  cost  : 
"refinements  pertaining  to  fuel  economy,  unless  resulting  in 
greater  production,  as  in  the  case  of  lower  coke  consumption  per 
ton  of  output  at  the  blast  furnaces,  were  generally  considered 
last  on  the  programme  of  improvements," 

The  development  of  large  scale  production,  however,  in  the 
United  States  and  efficient  organisation  of  the  works  in  that 
country  for  mass  production,  has  to  some  extent  led  in  itself  to 
efficiency  of  fuel  utilisation,  but  a  study  of  recent  pronounce- 
ments by  American  experts  in  various  fields  of  technology  seems 
to  indicate  that  systematic  fuel  control  in  conjunction  with  mass 
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production  will  offer  possibilities  of  increasing  still   further  the 
output  and  fuel  and  industrial  efficiency  of  American  works. 

Conclusions 

A  study  of  the  world  situation,  as  outlined  in  the  preceding 
notes,  allows  of  the  following  general  conclusions  to  be  drawn  : 

The  development  of  organisations  dealing  with  the  efficient  use 
of  fuel  in  industry,  have  proceeded  on  the  following  lines  :  — 

1.  Promotion  of  safety  and  economy  in  steam  raising. 

2.  Research  on  fundamental  problems  connected  with  coal 
treatment  and  utilisation. 

3.  Development  of  the  result  of  the  research  into  commercial 
processes  of  the  character  of  low-temperature  carbonisa- 
tion, hydrogénation,  etc. 

4.  Systematic  fuel  control  in  industry  necessitating  primarily, 
measurement  of  fuel  and  energy  supplied  at  various 
stages. 

5.  Systematic  costing  in  industry  making  use  of  the  results 
of  measurement. 

6.  Research  into  works  problems  revealed  by  systematic  fuel 
control  and  involving  investigations  on  influence  of 

(a)  Character  of  materials  used; 

(b)  Type  of  plant; 

(c)  Method  of  operation  of  plant. 

7.  As  a  consequence  of  (c)  investigation  of  time  of  indi- 
vidual operations  in  relation  to  each  other. 

Ultimately,  optimum  fuel  efficiency  in  general  works  operation 
will  necessitate  working  to  optimum — not  necessarily  maximum 
— capacity.  Any  breaks  in  the  continuit}-  of  operation  in  any  fuel- 
using  plant  must  result  in  reduced  efficiency,  and  the  problems 
of  maintaining  continuity  thus  involve  problems  of  standardisa- 
tion of  plant  and  product — with  the  necessary  corollary  of  highly- 
developed  central  sales  organisations,  to  ensure  continuous 
distribution  of  the  products. 

It  is  for  these  reasons  that,  despite  the  fact  that  although  the 
post-war  dear  fuel  period  has  passed,  the  tendency  of  organisa- 
tions formed  primarily  for  the  efficient  use  of  fuel  in  industry,  is 
to  develop  along  lines  which  aim  not  only  at  fuel  economy,  but 
national  and  industrial  economy  in  the  widest  sense. 

The  preparation  of  these  notes  has  only  been  rendered  possible  by 
the  full  co-operation  given  to  the  British  Technical  Committee  by 
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the  officers  of  the  National  Committees  of  the  various  countries 
participating  in  the  Conference,  and  the  particulars  submitted  in 
the  Appendix  have  been  extracted  entirely  from  information  thus 
supplied,  with  the  exception  of  the  particulars  of  German 
organisations,  which  have  been  prepared  by  Herr  Dipl.  Ing.  F.  zur 
Nedden.  The  author  desires  to  make  the  fullest  possible  acknow- 
ledgment of  his  indebtedness  for  the  invaluable  assistance  received 
in  this  way. 

ZUSAMMENFASSUNG 

Im  vorliegenden  Bericht  versucht  der  Verfasser,  einen  Überblick  zu 
geben  über  die  Organisationen  und  Verbände  aller  virichtigen  Brennstoff- 
länder, die  sich  der  Förderung  der  Brennstoff-  und  Wärmewirtschaft  in 
de  Industrie  widmen.  Dabei  wurde  dem  Verfasser  die  Mitarbeit 
der  Nationalen  Komitees  der  Weltkraftkonferenz  zuteil,  dem  er  für 
ihre  wertvolle  Hilfe   zu  grösstem  Dank  verpflichtet  ist. 

Die  infolge  des  Krieges  beträchtlich  geschwächte  Kaufkraft  aller 
Länder  gebietet,  so  billig  wie  möglich  zu  erzeugen  ;  auf  der  Suche  nach 
Sparmöglichkeiten  in  den  Herstellungskosten  findet  man  in  vielen  Fällen, 
dass  sich  beim  Posten  Brennstoff  noch  bedeutende  Ersparnisse  erzielen 
lassen.  Es  ist  auch  zu  bedenken,  dass  eine  gute  Brennstoffwirtschaft  oft 
eine  gute  Wirtschaftlichkeit  in  allen  Phasen  eines  Fabrikationsprozesses 
mit  sich  bringt. 

Eine  Zusammenstellung  von  Daten  in  bezug  auf  die  systematische 
Überwachung  der  Brennstoffwirtschaft  ist  daher  oft  ein  Wegweiser  zu 
weiteren  technischen  Verbesserungsmöglichkeiten,  die  unter  Umständen 
für  die  Industrie  von  grosser  Bedeutung  sein  können. 

Durch  die  gemeinschaftliche  Untersuchung  der  Brennstoffprobleme  einer 
ganzen  Industrie  und  den  Vergleich  mit  Untersuchungsergebnissen  ein- 
zelner Werke  haben  sich  schon  oft  Möglichkeiten  von  bedeutendem 
nationalem  Charakter  finden  lassen.  So  entwickelten  in  einigen  Ländern 
die  zentralen  Brennstoffwirtschafts-Organisationen  normalisierte  Systeme 
für  die  Kostenberechnung  und  führen  auch  seit  kurzem  Untersuchungen 
über  die  zu  den  einzelnen  Herstellungsvorgängen  benötigte  Zeit,  wodurch 
die  wunden  Punkte  der  verschiedenen  Verfahren  blossgelegt  und  ganz 
allgemein  neue  Wege  der  rationelleren  Gestaltung  der  Industrie  gewiesen 
werden.  Rationellere  Anlagen  und  Verfahren,  normalisierte  Kalkulation 
und  zentralisierte  Wärme-  und  Krafterzeugung  sind  einige  der  Errungen- 
schaften der  organisierten  Brennstoffwirtschaft.  Die  Ergebnisse  der 
Bemühungen  der  im  Anhang  zu  diesem  Bericht  aufgeführten  Organisa- 
tionen genügen,  um  die  Bedeutung  der  Gemeinschaftsarbeit  für  die  bessere 
Verwertung  der  Brennstoffe  in  der  Industrie  und  deren  Rückwirkung  auf 
das  Wirtschaftsleben  zu   zeigen. 
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APPENDIX 

ORGANISATIONS  CONCERNED  WITH  THE  EFFICIENT  USE  OF 
FUEL  IN  INDUSTRY 

Austria 

Gesellschaft  für  Wärmewirtschaft  (G.W.).     Wien  III.     Lothringerstr.  12, 
Austria. 

President. — Ing.  O.  Taussig. 

Secretary. — Ing.  Dr.  J.  Tomaides. 

Objects. — The  Association  was  reorganised  in  1923  to  promote  heat 
economy  in  industry^  commerce,  public  institutions  and  private  households 
by  the  collaboration  of  scientific  and  practical  experts,  who  carry  out 
research  work  and  practical  tests.  It  contrives  the  distribution  of  in- 
formation by  lectures,  pamphlets,  and  by  the  publication  of  a  periodical 
journal  and  by  exhibitions.  A  substantial  subsidy  was  granted  by  the 
Vienna  Chamber  of  Commerce,  and  further  assistance  can  be  expected 
from  this  source  should  the  occasion  arise.  Small  subscriptions  are  also 
received  from  members.  Staff  numbers  three.  Advice  can  be  obtained  from 
G.W.  under  certain  conditions. 

Belgium 

1.  Association   Vinçotte  pour  la   Surveillance   des   Chaudières  à   Vapeur. 

91,  Rue  du  Commerce,  Bruxelles. 

Directar. — Richard  Vinçotte. 

Objects. — -The  Association  was  formed  in  1872  for  the  prevention  of 
accidents  and  the  furtherance  of  fuel  economy  by  the  circulation  of  data, 
by  tests  and  periodic  inspections  of  boiler  and  power  plant.  It  is  financed 
by  direct  subscriptions  from  members.      The  staff  numbers   forty-one. 

2.  Association  des  Ingénieurs  Sortis  de  l'Ecole  de  Liège   (A.I.Lg.).      16, 

Quai  des  Etats-Unis  à  Liège. 

Secretary. — Octave  Lepersonne. 

Objects. — The  Association  was  formed  in  1847  for  the  protection  and 
development  of  the  interests  of  its  members.  It  organises  conferences, 
lectures,  and  excursions,  and  publishes  annually  the  Revue  Universelle 
des  Mines   (R.U.M.). 

It  is  financed  by  its  members. 

3.  Association  Beige  de  Standardisation.     33  Rue  Ducale,  Bruxelles, 
General  Secretary. — Gustave  L.  Gérard. 

Secretary. — Max  Reichert,   Esq. 

Objects. — The  Association  was  formed  in  1919,  and  devoted  some 
attention  to  fuel  questions  until  1923,  and  published  brochures  on  the 
subject. 

Canada 

1.  Mines  Biranch,  Division  of  Fuels,  Fuel  Testing  and  Research  Labora- 
,         tories.  Department  of  Mines.     Ottawa,  Canada. 
Director. — John  McLeish. 
Objects. — The    organisation    was    formed    in    1907    to    investigate    the 
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economic  utilisation  of  the  solid,  liquid  and  gaseous  fuels  of  Canada.  U 
publishes  periodic  bulletins  and  memoranda  and  carries  out  tests  on 
Canadian  fuels  at  power  and  coal  carbonisation  plants,  and  general  re- 
search on  fuels.  It  is  financed  by  Government  grant.  The  staff  numbers 
fourteen   regular  and  other  assistants  and  engineers  as  required. 

2.  Scientific  and  Industrial  Research   Council  of  Alberta.     University  of 

Alberta,  Edmonton,  Alberta. 

Secretary. — Edgar  Stansfield. 

Objects. — The  Council  was  formed  in  1921,  and  has  carried  out  geological 
surveys  of  a  number  of  the  principal  coalfields  of  the  Province  and  a 
chemical  survey  of  the  coals  in  practically  every  producing  mine  in  the 
Province.  It  is  financed  by  Provincial  Government  grant  only.  There  is 
a  total  permanent  staff  of  sixteen. 

3.  Nova  Scotia  Technical  College.     Halifax,  Nova  Scotia. 
President. — F.  H.  Sexton. 

Objects. — The  College  was  formed  in  1907  for  the  instruction  in  Civil, 
Electrical,  Mechanical,  and  Mining  Engineering  and  Industrial  Research, 
and  is  at  present  organising  for  extensive  investigation  in  provincial  coals. 
The  work  is  financed  by  Government  grant.  Staff  employed  numbers  nine 
professors  and  assistant  professors. 


Czechoslovakia 

Ustav    pro     hospodârné     vyuziti    paliv    Praha     (Institute     for     Efficient 
Utilisation  of  Fuels).    Praha  VII.    Jeronymova  320.    Czechoslovakia. 

Director. — Ing.  Emmanuel  Dvorak. 

Objects. — The  Institute  was  formed  in  1922,  and  in  1924  began  re- 
search, investigating  the  utilisation  of  fuel  for  power  production  and 
studying  all  questions  connected  with  the  rational  use  of  same.  A 
considerable  amount  of  literature  has  been  published  on  the  subject.  It  is 
financed  by  the  Government.  The  staff  numbers  nine  technical  employees 
and  assistant  staff. 

France 

Office  Centrale  de  Chauffe  Rationnelle.     S,  Rue  Michelange,  Paris,  16^. 

Engineer  Director. — iM.  Le  Coent. 

Secretary. — P.    Apell. 

Objects. — The  organisation  was  formed  in  1919  for  the  promotion  of 
fuel  economy  in  French  industry.  Systematic  tests  were  undertaken  by 
this  office  on  fuel-consuming  plant  of  all  kinds.  Advice  is  given  on 
fuels,  plant  etc.  Laboratory  studies  are  undertaken,  and  instructional 
courses  are  given  to  engineers,  foremen  and  stokers. 

Results  of  investigations  are  published  in  the  monthly  journal  Chaleur 
et  Industrie. 

The  work  is  financed  by  subscriptions  from  industrial  firms  and  fees 
for  testing,  with  a  Government  grant  annually  decreasing  in  amount. 
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Germany 
The  following  particulars  have  been  abstracted   from  details  submitted 
by  Herr  Ing.  zur  Nedden. 

1    Technical  Econojiiy  Committee  of  Experts  of  the  Federal  Coal  Council 
for  Fuel  Consumption.     Berlin,   W.IS.     Ludwigkirchplatz  3/4. 

Formed  in  1920. 

Direction. — Chairman  :   Generaldirektor  Dr.  Ing.  Piatscheck. 
Manager  :  Dipl.  Ing.  zur  Nedden. 

Objects. — This  is  a  State  organisation,  established  in  1920,  with  the 
objects  of  collection  and  distribution  of  important  data  relating  to  fuel 
consumption — co-operation  of  members  in  practical  and  scientific  investiga- 
tions, and  the  publication  of  the  results  obtained.  The  financing  of  inven- 
tions does  not  come  into  consideration.  Sub-committees  for  : — Household 
fuel  (dissolved  1927),  pulverised  coal,  oil  and  coal,  power  and  heat. 
Discussion  of  fuel  economy  on  Parliamentary  lines.  Advising  the  federal 
authorities   on   matters   pertaining  to   fuel  and  heat  economy. 

Revenue. — Derived  from  industrial  contributions. 

Staff. — One  manager,  one  technical  expert,  one  secretary.  The  office 
staff  is  shared  with  the  Federal  Coal  Council. 

Publications. — Reports  of  public  meetings.  Research  work  by  the  sub- 
committee for  pulverised  coal,  published  from  time  to  time  (fourteen 
bulletins  are  now  obtainable  from  the  Federal  Coal  Council,  Berlin,  W.15, 
Ludwigkirchplatz  3/4). 

2.  Department  for  Heat  Economy.    Darmstadt,  Osannstr.  8. 
Established  1920. 

Direction. — Chairman  and  Manager  :  Prof.  Chr.  Eberle,  Darmstadt. 

Objects. — Advancement  of  heat  economy  in  industry  and  in  domestic 
heating.  Recent  research  covers  economic  heat  utilisation  in  buildings 
with  a  view  to  determining  the  influence  of  construction,  method  of 
heating,  etc. 

Revenue. — Derived  from  members'  subscriptions  and  grants  from  the 
Department  for  Coal  Economy,  the  Federal  Economy  Board,  and  from 
industry. 

3.  Society  for  Firing  Control  and  Smoke  Prevention.     Hamburg,   Neue 

Gröningerstr.   10/3. 

EstabUshed  1902. 

Direction. — Chairman  :   F.  C.  H.  Heye. 

Manager  :  Obering.  Dipl.  Ing.  Burgdorflf. 

Objects. — Acts  in  an  advisory  capacity  on  purchase  and  extension  of 
steam  engines  and  boilers.  The  work  of  the  Society  includes  advice  on 
boiler  plant  and  equipment — testing  of  boilers,  steam  engines,  etc, 
measurement  of  steam  consumption,  indication  of  engines,  training  of 
personnel,  etc.,  and  research  on  steam-raising  problems. 

Staff. — One  chief  engineer,  two  engineers,  three  instructor  firemen,  and 
three  clerks. 

Revenue. — ^The  work  is  financed  by  subscriptions  and  by  fees  for 
testing. 
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4.  German  Steam   Users    Associations. 

There  are  eighty-three  steam  users'  associations  in  Germany  located 
in  the  various  principal  towns.  All  of  these  are  affiliated  to  the  following 
organisations  : — 

General  Federation  of  German  Associations  for  the  Supervision  of  Boilers 
München,  Kaiserstr.  14. 
Chairman  and  Manager. — Direktor  Rüster. 

The  Prussian  societies  combine  in  the 

5.  Central  Federation   of  Prussian   Associations  for  the   Supervision   of 

Boilers.     Halle/Saale,  Magdeburgerstr.  55. 

Chairman. — Direktor  Feiler. 

Manager. — -Dipl.  Ing.  Vigener. 

The  work  on  fuel  economy  of  the  various  federated  associations  is 
exemplified  by  the  following  particulars  of  the  heat  economy  section  of 
the  Central  German  Associations  for  the  supervision  of  boilers. 

G.  Heat  Economy  Section  of  Central  German  Associations  for  the  Super- 
vision of  Boilers.     Magdeburg,  Adelheidring  16. 
Established   1922  by  the   Magdeburg   Boiler   Association. 
Direction. — Chairman  :   Dr.  Ing.  Griessmann,  Direktor  of  the  Friedrich 
Krupp-Grusonwerk  A.G.,  Magdeburg-Buckan. 
Manager  :   Direktor  Dr.  Ing.  Berner. 

Members  :     Associations     in     Braunschweig,     Halle,     Halberstadt, 
Hannover  and   Magdeburg,  and  the   Central   German  Brown   Coal 
'     Syndicate,  Leipzig. 
Objects. — Permanent   supervision  of   the  heating  and  power  plants   of 
association    members.       Permanent    supervision    of    the    water    and    fuel 
supply.    Advice  on  boilers,  power  plant  and  heating.    Periodic  distribution 
of  information  on  all  matters  of  interest  to  the  members.     Periodic  tests 
of  plant,  with  a  view  to  heat  economy,  advice  on  improvements  and  re- 
construction  of   plant,   design   of   new   plant,   training   of    fuel   and   heat 
engineers,   training  and   examination   of   stokers  and   operators. 

Revenue. — Annual  subscriptions  of  affiliated  associations — based  on  the 

grate  area  of  boilers  under  supervision — charges  :  RM. 60  per  day,  engineer  ; 

foreman  RM.35  per  day;  non-members  charged  10  per  cent,  extra;  the 

Central  German  Brown  Coal  Syndicate's  annual  subscription  of  RM.3,000. 

Staff. — One  chief  engineer,  three  engineers,  one  chemist,  two  foremen. 

7.  Heat  Economy  Department  of  the  Bayerische  Revision  Verein,  München 
22),  Kaiserstr.  14. 

Established  1880. 

Direction. — Chairman  :  Geh.  Kommerzienrat  Dr.  Gabr.  von  Sedlmayr. 
Manager  :  Direktor  Dipl.  Ing.  Rüster. 

Objects. — Advice  on  heat  economy  analysis  of  fuels,  composition  and 
calorific  value  ;    investigation   of   tenders  ;   ventilating   appliances. 

Revenue. — Members'  subscriptions. 

Staff. — One  chief  engineer,  three  engineers,  three  technical  experts,  and 
one  assistant. 
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8.  Heat  Economy  Sections  of  the  Federal  Railway  Departments. 
There   are   ten    departments   of   the   Federal    Railway   Company  with   a 

heat  economy  section. 

Altona,  Berlin,  Breslau,  Dresden,  Cassel,  Köln,  Karlsruhe,  Stuttgart, 
Königsberg  i.  Pr.  and  the  Central  Engin.  Dept.,  München. 

Further  information  in  the  report  to  the  Fuel  Conference,  World  Power 
Conference  1928.  "Brennstoff  und  Wärmewirtschaft  der  Deutchen  Reichs- 
bahn,"  Reichsbahndirektor  Harprecht. 

9.  Heat  Economy  Section   of  the  " Niederschlesische  Berghauhilfskasse." 

Waldenburg  i.  Schles.,  Hohestr.  5. 
Direction. — Dipl.   Ing.  Teiwes. 

Object. — Advice  to  mining  companies  and  their  customers  in  the  lower 
Silesian  area. 

10.  Heat  Economy  Department  of  the  Boiler  Supervision  Association  for  the 

Mining  Companies  in  the  Dortmund  area.     Essen,  Moltkestr.  2a. 
Direction. — 'Direktor  Dipl.  Ing.  F.  Schulte. 

Objects. — Advice  to  mining  companies  of  the  Rhenish- Westfalian  mining 
industry;  investigation  of  all  matters  important  to  the  firing  of  Ruhr  coal. 

11.  Heat  Economy  Department   of   the   Broivn   Coal  Research  Institute. 

Freiberg  i.  Sa. 

Established  1921. 

Direction. — Professor  Dipl.  Ing.  Seidenschnur. 

Object. — Scientific  research  work  on  briquetting,  low-temperature  dis- 
tillation and  combustion  of   fuels,  principally  brown  coal. 

Revenue. — Supported  from  Saxon  State  Funds,  by  contributions  of  the 
"mitteldeutsche"  and  "ostelbische"  brown  coal  syndicates,  and  by  payments 
in  respect  of  research  work  for  industrial  purposes. 

Staff. — One  director,  one  assistant  director,  two  assistants,  four  junior 
assistants  (university  men),  four  laboratory  assistants,  one  foreman,  twelve 
technical  experts,  and  two  clerks. 

Publications. — In  the  journal  Braunkohle,  Gas-  und  Wasserfach  and 
Braunkohlen- Archiv. 

12.  Potash-Research  Institute,  G.m.b.H.  Berlin,  S.W.I  1.  Schönebergerstr.  5. 
Established  1919. 

Direction. — Direktor  Dr.  O.  F.  Kaselitz. 

Revenue. — Contributions    from    the    German    potash    industry. 
Staff. — Seventeen    chemists    and    engineers,    as    well    as    clerks     and 
assistants. 

13.  Düsseldorf  Heat  Economy  Section  of  the  Association  of  German  Iron 

Manufacturers,    Supervision    Department    for    Fuel    and    Power 
Economy  in  Ironworks.     Düsseldorf.  Breitestr.  27.     Postfächer  658 
and  664.     Branches  in  Gleiwitz,  Siegen,  and  Saarbrücken. 
Established  1919. 
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Direction. — 'Dr.   Ing.  K.   Rummel. 

Objects. — Assistance  to  affiliated  works  in  matters  of  heat  and  power 
economy;  collection  and  distribution  of  technical,  economical  and  scientific 
information  and  data  ;  instruction  in  heat  economy  ;  representatives  of 
works  to  the  authorities  ;  compilation  of  power  and  heat  statistics. 

Revenue. — Subscriptions   from  affiliated  works. 

Staff. — ^Twenty  engineers  and  assistants. 

Publications. — 109  Mitteilungen  der  Wärinestelle  ;  295  Rundschreiben  as 
die  angeschlossenen  Werke. 

General. — Data  for  casting,  such  as  Anhaltszahlen  fïur  den  Energiever- 
brauch in  Eisenhüttenwerken ,  is  compiled. 

14.  Foundry — Advisory  Company  G.m.b.H.     Düsseldorf.  Breitestr.  29. 
Established  1924. 

Direction. — Dr.  Ing.  Geilenkirchen,  Oberingenieur  W.  Hollinderbäumer. 
Object. — Advice  to  affiliated  foundries  on  heat  economy  and  principally 
testing  of  melting  and  drying  furnaces. 
Revenue. — Subscriptions  and  payment  for  advice. 

15.  Heat  Technology  Department  of  the  German  Glass  Industry.    "IV.B.G." 

Frankfurt  a/Main,  Gutleustr.  91. 

Established  1920. 

Direction. — Chairman  :   Glashüttenbesitzer  Dr.  M.  von  Vopelius. 
Manager  :    Dr.   Ing.  H.   Maurach. 

Objects. — Assistance  of  affiliated  glassworks  in  matters  of  heat  and  power 
economy  by  instruction,  advice,  and  collection  of  information  and  impor- 
tant data.  Promotion  of  lectures  and  personal  direction  of  engineers  in 
glassworks. 

Revenue. — Contributions  from  affiliated  glassworks. 

Staff. — One  manager,  one  scientific  expert,  three  heating  engineers,  for 
outdoor  service  ;  two  clerks. 

16  Heat  Economy  Department  of  the  German  Plaster  of  Paris  Association. 
Berlin,  N.W.7.      Friedrichstr.  93. 

Established  1922. 

Direction. — Director  Cramer. 

Object. — Economy  tests  of  furnaces  used  in  the  plaster  of  Paris 
industry. 

17.  Heat  Economy  Department  of  the  German  Cement  Federation.    Berlin- 

Karlshorst.  Dönhoffstr.  38. 
Established  1922. 
Direction. — Direktor    Dipl.    Ing.    Kirchberg. 

18.  Heat  Economy  Department  of  the  Lime  Industry.    Berlin,  W.62.    Keil- 

ganstr.  2. 
Established  1922. 
Direction. — Direktor  Dr.  Ing.  Urbach,  Oberingenieur  Dipl.  Ing.  Seeger. 
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Objects. — Advisers  to  affiliated  works  ;  investigation  of  the  calorific 
action  during  preparation  of  lime  reduction  of  full  consumption;  furnace 
improvements  ;  designs  for  new  furnaces  and  reconstructions  ;  training 
of  heating  engineers,  operators  and  works  foremen. 

Revenue. — Supported  by  works  affiiliated  to  the  German  Lime  Federa- 
tion or  Association  of  German  Limeworks,  requiring  information. 

Staff. — Four  certified  engineers,  one  engineer,  one  clerk,  and  one 
bookkeeper. 

19  Heat  Economy  Department  of  the  German  Ceramic  Company.     Köln. 

Hansaring  96. 
Established  1924. 
Direction. — Dr.   Ing.   Reutlinger. 
Object. — Advisors  to  affiliated  works. 

20  Institut  für  Gärungsgewerbe.     Berlin,  N.65.  Seestr.  12/15. 
Established  1875. 

Direction. — Professor  Dr.  F.  Hayduck.  Director  appointed  by  the 
Government. 

Objects. — Scientific  research  work  for  the  trades  (brewers'  distillers 
trades,  yeast  trade,  etc.).  Inspection  of  plant-instruction  of  works 
managers  in  chemic-technical  and  biological  matters,  general  engineering 
technique  and  heat  economy. 

Revenue. — Principally  contributions  from  the  trades  ;  payments  of  the 
"Tageszeitung  für  Brauerei,"  "Wochenschrift  für  Brauerei,"  and 
"Zeitschrift  für  Spiritusindustrie";  Buildings  are  State  owned;  the 
training  institutions  are  part  of  the  agricultural  college,  Berlin. 

Staff. — Fourteen  departmental  managers  and  thirty-two  academically- 
trained  assistants  (of  which  five  certified  engineers  are  in  the  engineering 
department),  forty-eight  office  employees,  100  employees  and  labourers 
in  the  experimental  factories. 

21.  Experiiiicnfal   Station    of    the   Agricultural   and    Brewery    University. 

Weihenstephan  bei  Freising. 
Object. — Advisors  to  Brewers  and  Distillers  on  heat  economy. 
General. — The  Heat  Economy  Section  is  incorporated  with   the  Agri- 
cultural  and   Brewery  University. 

22.  Heat  Economy  Department  of  the  Western  German  Paper  Factories. 

Köln.  Hansaring  96. 
Established    1923. 
Direction. — Dr.   Ing.   Reutlinger. 

25.  Research  Institute  for  Heat  Economy  eV.     München  Bayerstr.  3/5. 

Established  1918  by  the  leading  manufacturers  of  insulating  material. 

Direction. — Dr.   Ing.   Erwin  Raisch. 

Object. — Research  work  on  insulation  problems  ;  development  of  the 
latest  methods  of  testing  insulating  materials;  supply  of  technical  meters. 
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Revenue. — Members'  subscriptions  ;  payments  for  guarantee  certificates. 
Staff. — One    manager,    three    certified    engineers    as    collaborators,    one 
female   secretary,   three   employees   in   the  workshop. 

24  Fuel  Technological  Departynent  of  the  Rhenish  Westfalian  Hard  Coal 
Syndicate.     Essen.  Frau  Bertha  Krupp  Str.  4. 

Direction. — ^Dr.    Ing.    Wiedemann. 

Object. — Advice  to  purchasers  on  the  most  economic  utilisation  of  Ruhr 
coal. 

Revenue. — Derived  from  funds  of  the  Rhenish- Westfalian  coal 
syndicate. 

Staff. — -One  chief  engineer  and  several  engineers. 

25.  Fuel  Technological  Department  of  the  Saxon  Hard   Coal  Syndicate. 

Zwickau  i/Sa.     Bahnhofstr.  66. 
Established  1925. 

Direction. — Oberingenieur   Graafen. 

Object. — Advice    to    purchasers    on    the    most    economic    utilisation    of 
Saxon  hard  coal. 
Revenue. — Derived  from  funds  of  the  Saxon  Coal  Syndicate. 

26.  Technical  Department  of  the  Rhenish  Brown  Coal  Syndicate.     Köln. 

Apostelnkloster  21/23. 
Established   1902. 
Direction. — Manager  :  Dipl.  Ing.  Weiss. 

Assistant  Manager  :  Oberingenieur  Dr.  Becker. 
Object. — Advice   to   purchasers   on   the    most   economic   utilisation   and 
treatment    of     Rhenish    brown-coal     briquettes     and    Rhenish   pulverised 
brown  coal.    Research  work  in  this  direction  ;  testing  of  plant  ;  training  of 
fuel  and  heat  technological  engineers,  stokers,  etc. 

27.  Fuel  Technological  Department  of  the  Central  German  Brown   Coal 

Syndicate.     Leipzig.  Nordplatz  11/12. 

Direction. — Oberingenieur  Adomeit. 

Object. — Advice  to  purchasers  on  the  most  economical  utilisation  of 
central  German  brown  coal  and  briquettes. 

Revenue. — Derived  from  funds  of  the  Central  German  Brown  Coal 
Syndicate. 

28.  Fuel  Technological  and  Heat  Economy  Department  of  the  "Ostelbische" 

Brown  Coal  Syndicate.    G.m.b.H.    Berlin,  N.W.7,  Bunsenstr.  2. 

Established  1918. 

Direction. — Professor  Kayser. 

Object. — Free  advice  to  purchasers  on  the  most  economical  utilisation 
of  "Ostelbische"  brown  coal  and  briquettes;  systematic  experimenting 
with  brown-coal  briquettes  in  furnaces  of  every  description;  chemical 
tests  of  brown  coal  and  briquettes  in  the  laboratory;  investigation  of  the 
pulverised  fuel  technology  and  practice  with  a  view  to  use  of  German 
brown  coal. 
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Revenue.— Derived  from  funds  of  the  "Ostelbische"  Brown  Coal 
Syndicate. 

Staff.— Four  academically-trained  engineers  and  chemists,  three  labora- 
tory assistants. 

29.  Fuel    and    Heat    Technological    Advisory    Section    of    the    Company 

"Ve\rkauf  Hessischer  Braunkohlen,  G.m.b.H."    Kassel.  Bahnhofstr.  2. 
Object. — Free  advice  to  purchasers  on  the  most  economical  utilisation  of 
brown  coal  and  briquettes. 

30.  Heat  Economy  Department  in  Oldenburg.     Oldenburg  i.O.     Schloss- 

platz 5. 

Established  1920. 

Direction. — Oberingenieur  W.  Leder. 

Objects. — Advisory  supervision  of  fuel  consumption  in  the  Oldenburg 
steam  plants;  introduction  of  peat  as  fuel  for  steam  and  firing  plants,  as 
well  as  for  household  consumption  ;  training  of  stokers  ;  control  of  steam 
and  firing  plants. 

Revenue. — Annual   subscriptions   from   affiliated  works. 

General  Remarks. — This  department  was,  up  to  1924,  a  sub-section  of 
the  Oldenburg  Chamber  of  Commerce,  but  since  then  has  been  run  as  an 
independent   organisation. 

31.  Central  Gas  Utilisation  Agency.    Berlin,  W.35,  Liitzowstr.  33/36. 
Established  1910. 

Direction. — ^Direktor  Elvers. 

Objects. — ^Advice  on  gas  utilisation  ;  practical  experiments  with  gas 
firing  in  commercial  and  industrial  concerns  ;  assistance  and  promotion  of 
technical   exhibitions. 

Revenue. — Members'  subscriptions. 

Staff. — One  director,  three  departmental  managers,  twenty  technical 
employees,  thirty-two  employees  (office,  etc.,  including  the  subsidiary 
company  "Der  Gasverbrauch,  G.m.b.H."). 

32.  Heat  Technological  Advisory  Section  of  the  Economy  Association  of 

German  Gaszvorks,  Gascoke  Syndicate,  Ltd.  Frankfurt/Main, 
Schaumainkai  23,  and  Berlin,  W.35.  Liitzowstr.  33. 

Established  1910. 

Direction. — The  board  of  the  Economy  Association  of  German  Gas- 
works, Gascoke  Syndicate,  Ltd. 

Object. — Advice  to  gascoke  consumers  ;  testing  of  firing  appliances  used 
in  household,  commerce,  and  industry;  training  of  fuel  and  heat  techno- 
logical engineers,  stokers,  etc.  ;   research  work. 

Revenue. — From  the  gascoke  syndicate. 

Staff. — Five  engineers. 
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1.  Electricity  Commissioners.     Savoy  Court,  Strand,  London,  W.C.2. 
Clmirmoii.— Sir  John  Snell,  G.B.E.,  M.In.C.E.,  M.In.E.E. 
Vice-Chairman. — Sir  Harry  Haward. 

Objects. — The  Electricity  Commissioners  were  established  in  1920  under 
the  provisions  of  the  Electricity  (Supply)  Act  1919  for  the  purpose  of 
promoting,  regulating,  and  supervising  the  supply  of  electricity  in  Great 
Britain. 

Among  the  principal  functions  vested  in  or  exercised  by  the  Commis- 
sioners under  the  Act  of  1919  and  the  subsequent  Electricity  (Supply) 
Acts  of  1922  and  1926,  are  :  — 

The  preparation  of  technical  schemes  for  the  concentration  of  genera- 
tion and  the  provision  of  main  transmission  systems  to  be  carried  into 
effect  by  the  Central  Electricity  Board  constituted  by  the  Act  of  1926. 
The  granting  of  orders  to  authorise  the  supply  of  electricity  in 
specific  areas  ;  the  compulsory  acquisition  of  land  for  generating  or 
transforming  stations^  etc. 

The  framing  of  regulations  relating  to  the  supply  of  electricity,  the 
safety  of  the  public,  and  the  construction  of  overhead  lines,  etc. 
Annual  expenses  of  the  Commissioners  are  defrayed  by  a  levy  upon  the 
authorised  electricity  undertakers  in  the  country  on  a  basis  of  the  number 
of  units  sold  by  each  undertaking. 

Administrative  and  technical  officers  numbered  sixty-six  in  all  on 
March   31,    1927. 

2.  Fuel  Research  Diznsion    (Department   of   Scientific   and   Industrial   Re- 

search), 16  Old  Queen  Street,  London,  S.W.I. 
Chairman    of    Fuel    Research    Board. — Sir    Richard    Threlfall,    G.B.E., 

F.R.S. 
Director   of    Fuel    Research.— C.    H.    Lander,    C.B.E.,    D.Sc,    M.LC.E., 

M.I.M.E. 
Objects. — The  Fuel  Research  Board  was  established  in  1917  to  investigate 
the  nature,  preparation,  and  utilisation  of   fuel  of  all  kinds,  both  in  the 
laboratory  and,   when  necessary,'  on  an  industrial   scale. 

It  is  financed  by  Parliamentary  vote  of  Department  of  Scientific  and 
Industrial  Research  and  has  a  staff  of  231 — 97  of  which  are  salaried  and 
134  industrial. 
Among  the  activities  of  the  Fuel  Research  Division  are  : — 

(1)  Research  on  coal  problems  on  a  laboratory  and  large  scale  at  the 
Fuel   Research   Station,   Greenwich. 

(2)  Examination  of  British  coal  seams  at  local  laboratories  in  Newcastle, 
Manchester,    Sheffield.    Nottingham,   Stoke-on-Trent,    and   Glasgow. 

(3)  Testing  of  low-temperature  carbonisation  plants. 

Grants  in  aid  of  research  on  coal  are  given  to  Universities  and  other 
organisations  in  suitable  cases. 
The  Fuel  Research  Station  includes  the  following  large  scale  plants  : — 
Battery  of  vertical  gas  retorts — capacity  10  tons  a  day  each. 
Various    low-temperature    experimental    carbonisation    retorts. 
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Water  gas  plants — capacity  1,000,000  eu  ft.  per  day. 

Coal  washery,  with  six  different  types  of  plants. 

Plant   for  hydrogénation  of   coal — capacity   1   ton   a   day. 

Briquetting  plant. 

Boilers,  gas,  oil  and  petrol  engines  and  auxiliary  plant. 

Estimated  net  expenditure  in  1928,  £85,631. 

3.  National  Fuel  anld  Power  Committee.     Board  of  Trade,  Great  George 

Street,  S.W.I. 

Chairman. — The  Rt.  Hon.  Lord  Melchett,  P.C. 

Secretary. — 'W.  Palmer. 

Assistant  Secretary. — R.  J.  Moffatt. 

Objects. — The  Committee  was  constituted  in  1926  "to  consider  and 
advise  upon  questions  connected  with  the  economic  use  of  fuels  and 
their  conversion  into  various  forms  of  energy,  having  regard  to  national 
and  industrial  requirements  and  in  the  light  of  technical  developments." 

4.  The  Lancashire  and  Cheshire  Coal  Research  Association.  The  College  of 

Technology,  Sackville  Street,  Manchester. 
Director  and  Secretary. — N.  Simpkin,  Esq.,  M.Sc,  A.I.C. 
Objects. — The  Association  was  founded  in  1918  for  the  "collection  and 
diffusion  among  members  practical  and  theoretical  knowledge  respecting 
the   physical    and    chemical   properties   of    coal    and    allied    subjects,   and 
investigation  of  and  into  processes  for  the  more  economical  use  of  fuel." 
The    funds    of    the    Association    are    derived    from    direct    subscription 
from  members  on  a  tonnage  basis  and  grants  from  the  D.S.I.R.,  Mines 
Department    and  the  British  Colliery  Owners  Research  Association. 

The  staff  is  composed  of  eighteen  members  and  the  work  done  includes 
the  following  :  — 

Survey  of  coal  seams  in  Lancashire  on  behalf  of  the  Fuel  Research 

Board  in  return  for  grant  from  D.S. LR. 

Research  work  upon  seams  liable  to  gob-fires. 

Research    on   problems   connected   with   individual    collieries    or   with 

collieries   in  general. 

Circulation  of  particulars  relating  to  subjects  likely  to  be  of  interest 

to  members,  such  as  coal  washing,  purification  in  general,  pulverised 

fuel  and  allied  problems,   low-temperature  carbonisation,  etc. 

Paleobotanical  work  on  coal  structure. 

5.  Mining  Research  Laboratory.     University  of  Birmingham. 
Director.— Proi.  J.  S.  Haldane,  C.H.,  F.R.S.,  etc. 
Assistant  Director. — J.  Ivon  Graham,  M.A.,  M.Sc,  A.LC,  etc. 
Objects. — The    laboratory    was    transferred    from    the    Doncaster    Coal 

Owners'  Laboratory  in  1921,  and  its  principal  objects  are  the  investigations 
of  mining  problems. 

It  is  financed  by  direct  subscription  from  the  British  Colliery  Owners 
Research  Association,  Miners'  Welfare  funds  (through  the  Safety  in 
Mines  Reasearch  Board),  by  grant  from  the  D.S. LR.,  and  by  occasional 
grants  from  individual  firms  or  associations. 

Among  the  subjects  investigated  are  : — Spontaneous  combustion  of  coal; 
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problems  of  mines  ;  ventilation  ;  hydrogénation  of  coal  ;  efficiency  of  heat 
engines   physical  and  chemical  survey  of  local  coal  seams. 

6.  Institution  of  Gas  Engineers.  28  Grosvenor  Gardens,  London,  S.W.I. 
Secretary.— W.  T.  Dunn,  M.I.Mech.E. 

Objects. — The  Institution  was  founded  in  1863  "to  promote  the  general 
advancement  of  the  gas  industry  in  all  its  branches." 

Considerable  research  work  is  done  by  the  Institute  in  conjunction  with 
the  University  of  Leeds  under  the  direction  of  Prof.  J.  W,  Cobb,  results 
being  published  in  the  Journal  of  the  Institution  and  in  scientific  publica- 
tions. 

Apart  from  the  general  staff  of  the  Institution,  five  research  chemists 
are  employed. 

7.  The  Nationale  Benzole  Association.      Wellington  House,  Buckingham 

Gate,  London,  S.W.I. 

President  and  Chairman. — Sir  David  Milne-Watson,  LL.D.,  D.L. 

Secretary. — P.  G.  Somerville. 

Objects. — The  Association  was  founded  in  1918,  and  is  financed  by 
subscriptions  from  producers,  refiners,  and  those  interested  in  the  produc- 
tion of  benzole.  The  administrative  staff  is  five  in  number,  and  the 
research  work  carried  out  by  honorary  committees.  Among  the  objects 
of  the  Association  are  the  standardisation  of  motor  benzol  and  the  pro- 
motion of  investigation  and  research  with  a  view  to  its  improvement. 

Research  work  is  carried  out  in  conjunction  with  the  University  of 
Leeds,  under  the  direction  of  Prof.  Cobb,  results  being  published  in  an 
annual  Bulletin. 

Apart  from  the  staff  of  the  University  of  Leeds,  two  research  chemists 
are  employed  by  the  Research  Committee. 

8.  Federation  of  British   Industries,  Fuel  Economy  Department.     39  St. 

James's  Street,  London,  S.W.I. 

Chairman.— Prof.  W\  A.  Bone,  Ph.D.,  F.R.S. 

Technical  Assistant. — G.  W.  Andrews,  M.Sc,  F.I.C. 

Object  s  J — The  Department  was  formed  in  1920  to  aid  the  development 
and  maintenance  of  efficient  fuel  practice  in  industrial  undertakings, 
thereby  to  effect  economies,  and  to  conserve  the  coal  resources  of  the 
United  Kingdom. 

A  Fuel  Economy  Review  is  published  periodically,  and  direct  assistance 
is  given  to  works  of  members,  particularly  in  connection  with  boiler  and 
gas  producer  practice. 

9.  National  Federation  of  Iron  and  Steel  Manufacturers.     Caxton  House 

(East),  Tothill  Street,  Westminster,  London,  S.W.I. 
D.irector.—Sir  W.  J.  Larke,  K.B.E. 

Chairman   of   Fuel  Economy   CoMmittee. — M.    Mannaberg. 
Fu-el  Officer. — Edgar  C.  Evans,  B.Sc,  F.I.C,  etc. 

Objects. — The  Fuel  Economy  Committee  was  constituted  in  1923  for 
the  purpose  of  : — 
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1.  Investigation  of  fuel  problems  in  iron  and  steel  practice. 

2.  Collection    and    distribution    to    members    of    information    on 

this  subject. 

Coke  research  committees  have  been  established  in  collaboration  with 
the  Universities  of  Sheffield^  Durham  (Armstrong  College)  and  the  Royal 
Technical  College,  Glasgow,  financed  by  associations  and  firms  in  the 
mining  and  iron  and  steel  industries,  and  by  substantial  grants  from  the 
Fuel  Research  Division  of  the  Department  of  Scientific  and  Industrial 
Research. 

Research  is  carried  on  at  these  centres  and  at  the  Imperial  College  of 
Science  and  Technology  (under  the  direction  of  Prof.  W.  A.  Bone,  F.R.S.) 
on  blast  furnace  reactions. 

A  staff  of  three  technical  officers  with  administrative  staff,  are  engaged 
on  works  investigations,  particularly  in  connection  with  blast  furnace 
and  other  works  practice,  and  effective  liaison  is  maintained  with  other 
bodies  of  a  similar  nature. 

10.  The  British  Electrical  and  Allied  Industries  Research  Association.  36/38 

Kingsway,  London,  W.C.2. 

Director  and  Secretary.^ — E.  B.  Wedmore,  M.In.E.E.,  F.In.P. 

Objects. — The  Association  was  incorporated  in  1920  to  conduct  co- 
operative research  in  connection  with  the  electrical  and  allied  trades  or 
industries.  It  is  financed  by  collective  subscriptions  through  trade  organi- 
sations and  by  direct  subscriptions  from  trade  and  associate  members, 
and  by  a  diminishing  Government  grant. 

Staff  is  composed  of  twenty-one  technical  and  sixteen  clerical  assistants. 
The  research  work  is  carried  out  in  the  laboratories  of  member  firms,  at 
the  universities  and  technical  colleges  and  by  members  of  the  association's 
staff  in  cases  where  suitable  facilities  are  not  in  existence. 

Present  expenditure  approximately  £25,000  per  annum.  Considerable 
work  is  done  on  steam  turbine  nozzles  and  blades. 

11.  The  Manchester  Steam   Users'  Association.     9  Mount  Street,  Albert 

Square,  Manchester. 

Director.— P.  Telford  Pétrie,  D.Sc,  A.M.I.C.E.,  etc. 

Secretary. — James  Parr,  Esq. 

Objects. — The  Association  was  founded  in  1854  and  was  the  first 
attempt  at  organised  boiler  inspection.  It  aimed  at  the  prevention  of 
steam  boiler  explosions  and  the  attainment  of  economy  in  the  application 
of  steam.  It  is  financed  by  direct  subscriptions  and  consulting  fees,  and 
employs  eighty  technical  officers. 

The  Association  carries  out  tests  on  plant  and  possesses  a  chemical 
laboratory.  Research  carried  out  is  chiefly  in  connection  with  the 
materials  of  boilers  and  with  steam  production  and  utilisation.  It  guaran- 
tees the  safety  of  the  steam  boilers,  etc.,  of  its  members. 

12.  Institution  of  Petroleum  Technologists.   Aldine  House,  Bedford  Street, 

Strand,  London,  W.C.2. 
President. — Alfred  C.  Adams. 
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Secretary. — Commander  R.  E.  Stokes-Rees,  R.N. 

Objects. — The  Institute  was  founded  in  1913  and  incorporated  in  1924. 
Financed  by  subscriptions  from  members,  associates,  etc.  It  was  formed 
in  order  that  technologists  engaged  in  the  petroleum  or  shale  oil  indus- 
tries could  meet  and  accumulate  trustworthy  information  regarding  the 
winning  of  petroleum,  the  conversion  of  the  raw  materials  into  manu- 
factured products  and  the  questions   of   transport  and   storage. 

A  by-monthly  journal  is  published.  Standardisation  of  petroleum 
testing  is  investigated  and  grants  are  made  for  petroleum  research. 

13.  Institute  of  Fuel.    53  Victoria  Street,  London,  S.W.I. 
President.— The  Rt.  Hon.  Lord  Melchett,  P.C.,  LL.D. 
Secretary. — P.  C.  Pope,  Esq. 

Objects. — The  Institute  was  formed  in  1927  to  promote  the  general 
advancement  of  fuel  technology  and  to  further  the  more  efficient  produc- 
tion and  utilisation  of  fuel. 

It  is  financed  by  members'  subscriptions  and  publishes  a  journal  issued 
quarterly  at  present. 

14.  Institution  of  Mechanical  Engineers.    Storey's  Gate,  St.  James's  Park, 

Westminster,   London,   S.W.I. 

President.— Mr.  Richard  W.  Allen,  C.B.E. 

Secretary. — Brig.-Gen.  Magnus  Mowatt,  C.B.E. 

Objects. — The  Institution  was  founded  in  1847  to  promote  the  science 
and  practice  of  mechanical  engineering. 

It  is  financed  by  entrance  fees  and  annual  subscriptions  of  its  members. 
Statï  numbers  thirty-one. 

It  publishes  papers  and  research  reports  on  fuel  matters  from  time  to 
time,  e.g.,  reports  of  Marine  Oil  Engine  Trials  Committee  and  Steam 
Nozzles  Research  Committee. 

15.  Institution  of  Civil  Engineers.    Great  George  Street,  London,  S.W.I. 
President. — E.  F.  C.  Trench,  C.B.E. 

Secretary.— H.  H.  Jefifcott,  B.A.I.,  S.E.Dc. 

Objects. — Founded  in  1818  "for  the  general  advancement  of  mechanical 
science."      Devotes  occasional  attention  to   fuel  subjects. 

16.  Institution  of  Electrical  Engineers.    Savoy  Place,  Victoria  Embankment, 

London,   W.C.2. 

President. 

Director. — Percy  Fitzpatrick   Rowell. 

Objects. — The  Institution  was  founded  in  1871  to  promote  the  general 
advancement  of  electrical  and  telegraphic  science  and  its  applications. 
It  is  financed  by  direct  subscription  from  its  members  and  associates. 
Papers  relating  to  fuel  practice  in  power  generation  are  frequently  read 
and  discussed  by  members. 

17.  Iron  and  Steel  Institute.    28  Victoria  Street,  London,  S.W  .1. 
President. — Benjamin  Talbot. 

Secretary. — G.  C.  Lloyd. 
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Objects. — The  Institute  was  founded  in  1869  to  afford  a  means  of 
communication  between  members  of  the  iron  and  steel  trades  relative  to 
technical  aspects  of  iron  and  steel  manufacture. 

Considerable  attention  is  given  to  fuel  questions  in  metallurgical  practice, 
both  by  members'  contributions  and  by  committees  appointed  with  refer- 
ence to  specific  aspects. 

Research  grants  from  the  Carnegie  Research  Fund  are  administered  by 
the  Institute  and  occasionally  devoted  to  fuel  research  in  connection  with 
metallurgical   practice. 

The  Institute  is  financed  by  members'  subscriptions  and  sale  of  journals. 

18.  Society  of  Chemical  hidustry.    46  Finsbury  Square,  London,  E.C.2. 
President.— ¥.  H.  Carr,  C.B.E. 

Secretary. — J.  P.  Longstaffe,  D.Sc. 

Objects. — The  Society  was  founded  in  1881  and  gives  considerable 
attention  to  the  chemical  aspects  of   fuel   technology. 

Conferences  are  held,  and  the  Society  has  recently  formed  a  Joint  Fuel 
Committee  with  the  Institution  of  Gas  Engineers,  the  Institute  of  Fuel, 
and  the  Association  of  Coke-oven  Managers,  with  the  object  of 
facilitating  the  promotion  of   such   meetings. 

A  journal   is  published  weekly. 

19.  Association  of  Coke-oven  Managers. 
Presiderit. — G.  A.  Hebden. 
Secretary. — T.   Westthorpe. 

Meetings  are  held  by  this  Association  in  the  various  producing  districts 
to  discuss  coke-oven  technology;  and  an  annual  journal  is  published. 

20.  The  Smoke  Abatement  League  of  Great  Britain.    22>  King  Street,  Man- 

chester. 

Chairman. — Councillor   Will   Melland,   J. P. 

Secretary. — Arnold  Marsh,  M. Sc. Tech. 

Objects. — The  League  was  formed  in  1909  to  create  public  opinion  on 
the  evils  of  air  pollution,  to  promote  or  support  legislation  for  preventing 
smoke  nuisance,  to  assist  investigation  directed  towards  the  abolition  of 
smoke.  It  is  financed  by  direct  subscription  from  individual  members, 
interested  organisations,  and  affiliated  local  authorities.  The  staff  consists 
of  the  secretary. 

Universities  with  Departments  Interested  in  Fuel  Technology. 

21.  Department  of  Chemical  Technology,  Imperial  College  of  Science  and 

Technology.  Prince  Consort  Road,  South  Kensington,  London,  S.W.7. 
Director.— Vroi.  W.  A.  Bone,  F.R.S. 
Prof,    of    Chemical    Eng.—Froi.    J.    W.    Hinchley,    A.R.S.AL,    F.I.C., 

M.I.Chem.E. 
Objects. — -The   Department   was   established   in   1911   with  the  object  of 
affording  post-graduate  students  a  broad  and  practical  training  in  prepara- 
tion for  responsible  positions  in  industry  which  require  a  working  know- 
ledge of  fuel  technology,  chemical  technology,  and  chemical  engineering. 
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There  is  also  a  research  staff  numbering  sixteen  workers  in  all^  engaged 
in  problems  relating  to  gaseous  combustion,  fuel  and  the  chemical  con- 
stitution of   coal. 

22.  University  of  Sheffield,  Department  of  Fuel  Technology.  The  Univer- 
sity, St.  George's  Square,  Sheffield. 

Director.— FtoI.   R.  V.   Wheeler. 

Objects. — The  Department  was  formed  in  1921  to  conduct  research  on 
the  constitution  of  coal,  the  carbonisation  of  coal^  coke,  combustion,  gas 
explosions,  the  utilisation  of  gaseous  fuels,  and  oil  and  fuel  problems  in 
general.  The  staff  includes  three  labourers,  one  research  assistant,  and 
five  laboratory  attendants.  It  is  financed  by  subscription  on  a  tonnage 
output  basis  from  the  South  Yorkshire  Coal  Trade  Association. 

Research  on  coal  constitution,  combustion,  and  carbonisation  is  carried 
on. 

25.  University  of  Sheffield,  Safety  in  Mines  Research  Board.  Portobello 
Street,  Sheffield,  and  Harper  Hill,   Brixton,  London,   S.W. 

Director.— FroL  R.  V.  Wheeler. 

Secretary. — A.   D.   Stedman 

Objects. — The  Research  Board  was  formed  in  1921  for  the  investigation 
of  possible  causes  of  accidents  in  mines  and  measures  for  the  increase  in 
safety.  It  is  financed  from  the  Miners'  Welfare  Fund,  a  levy  on  the 
mining  industry  on  a  tonnage  basis.  The  staff  includes  forty  chemists, 
engineers  and  physicists  engaged  in  research  work  and  covers  all  questions 
of    safety   in    mines. 

24.  University  of  Sheffield.  Midland  Coke  Research  Committee.  Department 

of   Fuel  Technology,  The  University,   Sheffield. 

Director.— Froi.  R.  V.  Wheeler. 

Secretary. — R.  A.  Mott. 

Objects. — The  Committee  was  formed  in  1926  to  introduce  standard 
tests,  to  assess  the  value  of  metallurgical  cokes  and  to  improve  the  quality 
of  coke  made  at  different  plants.  It  is  financed  by  subscriptions  from 
ironmasters  and  coal  owners  and  the  Imperial  Chemical  Industries,  with 
a  pound   for  pound  grant   from   the   D.S.I.R.      The  staff  number   seven. 

25.  University  of  Durham,  Armstrong  College,  Northern   Coke  Research 

Committee.     Newcastle-on-Tyne. 

Directors.— Proi.  H.  V.  A.  Briscoe,  A.R.C.S.,  D.Sc,  F.I.C. 
Prof.  J.  Granville  Poole,  B.Sc. 

Secretary. — Prof.  H.  V.  A.  Briscoe. 

Objects. — The  Committee  was  formed  in  1926  to  investigate  in  co-ordina- 
tion with  their  research  centres  the  properties  of  cokes  produced  and 
used  in  the  Northern  area  of  England  and  of  the  coals  from  which  they 
are  made.  It  is  financed  by  direct  subscription  from  Associations  and 
firms  interested  in  the  manufacture  and/or  use  of  coke  and  by  Govern- 
ment grant  made  by  the  D.S.I.R.  through  the  National  Federation  of 
Iron  and  Steel  Manufacturers  on  the  basis  of  pound  for  pound  upon  the 
subscriptions  received  from  the  industry.     The  staff  numbers  five. 
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26.  Royal  Technical  College,  Glasgow.   Department  of  Technical  Chemistry. 
Director. — Professor  Thomas   Gray. 

Objects. — The  work  of  the  Scottish  Coke  Research  Committee,  which 
is  financed  by  representatives  of  the  mining  and  iron  and  steel  industries, 
with  a  pound  for  pound  grant  from  the  D.S.I.R.,  is  conducted  at  this 
Institution  under  the  direction  of  Mr.  W.  J.  Skilling. 

27.  University  of  Leeds,  Department  of  Coal  Gas  and  Fuel  Industries. 
Livesay  Professor.—].  W.  Cobb,  C.B.E.,  B.Sc,  F.I.C. 

Objects. — ^Apart  from  training  and  general  research  on  fuel,  the  re- 
search work  of  the  Institution  of  Gas  Engineers  and  the  National  Benzol 
Association  is  performed  at  this  Institution  under  the  direction  of 
Prof.   Cobb. 

28.  College  of  Technology,  Manchester.    Department  of  Fuel  Technology. 
Head  of  Department.— A.  McCulloch,  M.Sc.(Tech.),  A.I.C. 

Objects. — The  department  provides  a  broad  training  to  fit  men  for 
industrial  positions  in  connection  with  the  Fuel  Industries. 

Evening  courses  have  been  arranged  in  consultation  with  the  Education 
Committee  of  the  Institution  of  Gas  Engineers  for  the  training  of  rhen  who 
are  engaged  already  in  the  Gas  Industry. 

Post-Graduate  Research,  mainly  concerned  with  the  study  of  coal  con- 
stitution, is  carried  out  under  College  research  grants  and  a  grant  from  the 
Fuel  Research  Board. 

Holland 

1.  Vereeniging  "Bureau  voor  Wärmte-  en  Kracht-Economie"  ('Warmte- 

krachtbureau").    Hilversum,  Oude  Amersfoortscheweg,  54. 

Manager. — Chr.  Muller. 

Objects. — The  bureau  was  formed  in  1925  in  continuance  of  a  former 
organisation  founded  in  1920  and  effects  economies  by  aiding  the  develop- 
ment and  maintenance  of  efiiciency  in  fuel  and  steam  practice  in  industrial 
and  other  undertakings. 

It  is  financed  by  direct  subscriptions. 

The  staff  numbers  three. 

2.  Rijks  Instituut  voor  Brandstoff en-Economie  (Government  Institution  of 

Fuel  Economy).    Bizuidenhout  97,  The  Hague,  Holland. 

Director. — Iv.    F.   C.   Wirtz,   Czn.   Alech.   Engineer. 

Objects. — The  Institute  was  formed  in  1920  to  promote  fuel  economy  by 
research  on  analysis  of  coal,  improvement  of  gas  appliances,  and  methods 
of  testing  boilers,  etc.  It  promotes  lectures  for  engineers  and  foremen 
and  carries  out  tests  for  individual  firms. 

The  staff  numbers   five. 

The  Institute  is  financed  by  Government  and  by  payment  for  tests 
carried  out. 
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3.  Vcrecniging    van    Gebruikcrs    van    Stoomkctels    en    Krachhi'crktuigeti 

(" Krachtweirktuigen"),  (Association  of  Users  of  Steam  Boilers  and 
Power  Plants).     Groningen,  Zuiderdiep  58,  Holland. 

Director. — A.  H.  W.  Hellemans,  Groningen. 

Director  (Amsterdam   Office). — J.  de  Kuyser. 

Objects. — The  Association  was  formed  in  1915,  and  circulates  important 
data  on  fuel  economy  to  its  members  and  carries  out  tests  on  boiler 
plants.  Advisory  work  on  extensions  of  new  power  plant  is  carried  out 
to  the  benefit  of  members. 

It  is  financed  by  direct  subscription   from  members. 

The  staff  numbers  eight. 

4.  Hef  Proef station  voor  de  Java-Suikerindustrie.    Pasoeroean,  Java  D.E.I. 
President. — Prof.    Ir.    E.    C.   von    Pritzelwitz   van   der   Horst. 
Secretary.— ^N.  D.  B.  H.  Mulder. 

Objects. — The  organisation  was  formed  to  conduct  research  and  con- 
sulting work  for  mechanical,  technological  and  electric  installations  for  the 
improvement  of  fuel  economy.  It  is  financed  by  annual  contributions  from 
members. 

The  staff  numbers  nine. 

Hungary 

Magyar  Kirdlyi  Technologiai  es  Anyagvizsgâlô  hitézet  Tiizelôszerkisérleti 
Allomasa   (Fuel    Experimenting   Institute   of   the   Royal   Hungarian 
Technological   and   Material  Testing  Laboratory).      Budapest,   VIII 
Jözsef-körut  6,  Hungary. 
Director. — J.  de  Ordôdy,  M.E. 

Objects. — The  Institute  was  formed  in  1924,  and  makes  scientific, 
practical,  and  industrial  tests,  experiments,  and  researches  with  Hungarian 
fuels,  and  carries  on  propaganda  by  lectures,  demonstrations,  etc.,  for  the 
rational  utilisation  of  Hungarian  fuels.  Year  Book  published  entitled 
"Szenkiserleti  Kozlemenyek,"  publications  on  coal  researches.  The 
Institute  is  supported  by  the  State.  Staff  numbers  eight,  with  engineers 
and  workmen  as  needed. 

Italy 

Associazione  Nationale  per  il  Controllo   del  la    Combustione.      Via  Venti 
Settembre,  27b,  Roma  (130). 

President  (Association). — Gr.  Uff.  Ing.  Carlo  Tarlarini. 

President  (Technical  Council). — Ing.  Vincenzo  Grazioli. 

Secretary  (Council). — Marchese  Comm.  Ing.  Nicolo  Gavotti. 

Objects. — -The  Association  was  formed  in  1927,  and  is  a  compulsory 
federation  of  all  users  of  steam,  gas,  and  thermal  apparatus,  with  a  view 
to  the  prevention  of  accidents  and  the  most  efficient  utilisation  of  fuel 
and  power  generated.  It  is  financed  by  an  annual  levy  proportional  to  the 
capacity  of  the  plant.  The  staff  numbers  about  200,  and  offices  are 
established   in   the   principal    Italian   cities. 
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Japan 

1.  Teikoku  Gas  Kyohai,  Incorparated.      No.  1,  Yurakucho,  Itchome,  Koji- 

machi-ku,  Tokyo,  Japan. 

President. — Chiyosaburo  Watanabe,  Esq. 

Secretary. — Munekazu    Midzukoshi,    Esq. 

Objects.— The  organisation  was  formed  in  1911  to  promote  the  progress 
and  development  of  the  gas  undertaking  and  to  increase  the  public 
benefit.  To  this  end  research  and  investigation  is  carried  out,  publications 
issued  and  lectures  held.  It  is  financed  by  members'  fees.  Staff  varies 
between   five   and  ten  persons. 

2.  Nenryo  Kyokzvai  Registered  (Fuel  Society  of  Japan).   Kawaguchi-Machi. 

Saitamaken,    Nr.    Tokyo,    Japan. 

President. — Baron  Sakamoto. 

Secretary. — Prof.  Oshima. 

Objects. — ^The  Society  was  formed  in  1921  for  the  development  of  fuel 
technology  in  general.  It  publishes  monthly  the  Journal  of  the  Fuel 
Society  of  Japan,  which  has  a  circulation  of  2,000,  foreign  inclusive.  It 
is  financed  by  members'   subscriptions.      The   staff  numbers  eight. 

3.  Nenryo  Kenkyujo  (Imperial  Fuel  Research  Institute).   Kawaguchi-Machi, 

Saitamaken,  Nr.  Tokyo,  Japan. 

Director. — Prof.   Yoshikiyo   Oshima. 

Objects. — The  Institute  was  formed  in  1920  to  conduct  research  in  fuel 
technology  in  general.  It  is  financed  by  a  Government  grant.  Stafï 
consists  of  seventy-four  persons. 

New  Zealand 

N.Z.    Fuel    Research    Association.      C/o    Department    of    Scientific    and 
Industrial  Research,  Wellington,   N.Z. 

Director  and  Secretary. — Dr.  E.  Marsden. 

Objects. — The  Association  was  formed  in  1927  to  further  the  economic 
utilisation  of  coal  by  research  and  technical  advice.  It  is  financed  by 
direct  subscriptions  subsidised  by  the  Government.  The  staff  consists  of 
two  chemists  and  several  consultants. 

Sweden 

1.  Svenska   Gasverksföreningen    (The   Swedish   Gas   Works   Association). 
Torsgatan  22,  Va.,  Stockholm. 

Secretary. — U.  Tegnér,  Esq. 

Objects. — The  Association  was  formed  in  191ö,  and  effects  collabora- 
tion between  municipal  gasworks  in  Sweden  and  coal  gas  works  in  private 
possession,  in  order  to  promote  their  mutual  interests.  It  also  publishes 
a  Year  Book  with  statistics,  and  organises  industrial  school  courses  for 
the  training  of  workmasters,  foremen,  gas  fitters,  etc.,  and  courses  on  the 
economic  utilisation  of  gas.  It  is  financed  by  direct  subscriptions  from 
members. 

Staff  employed  numbers  one  secretary  and  one  engineer. 

1343 


ORGANISATIONS 

2.  Svenska  Elektricitetsverksföreningen  (Swedish  Association  of  Electricity 

Works).    Tulegatan  13,  Stockholm  6. 

Chairman. — Rob.  Dahlander. 

Secretary. — Edy   Velander. 

Objects. — The  Association  was  formed  in  1903  to  deal  with  problems 
concerning  the  electricity  works  and  power  industry  in  Sweden,  and 
organises  annual  meetings  for  the  discussion  of  such.  For  example,  the 
efficient  use  of  fuel  for  the  production  of  electricity.  It  is  financed  by 
Fuel  Research  Division  of  the  Department  of  Scientific  and  Industrial 
from  a  donation. 

The  staff  numbers  two. 

3.  Sbdra  Sveriges  Ang panne forening  (Association  of  Steam  Users  in  South 

Sweden).     Malmö,  Sweden. 

Director  and  Secretary. — T.  Husberg,  Esq. 

06;>c/j.— The  Association  was  formed  in  1895  for  the  attainment  of 
economy  in  the  application  of  steam  and  to  prevent  explosions  of  steam 
boilers.  (The  same  objects,  therefore,  as  the  English  Steam  Users' 
Association  but  no  pecuniary  guarantee  for  the  safety  of  a  boiler  is  given.) 
It  is  financed  by  annual  fees  from  members  and  by  extra  fees  for 
consultative  work. 

The  staff  numbers  twenty-three. 

4.  Mellersta  och   Norra  Svetriges   Angpanneförening    (The   Steam   Boiler 

Association  of  Middle  and  Northern  Sweden).     Stockholm. 
Director  and  Secretary. — Oscar  Nycander,   Esq. 

Objects. — The  Association  was  formed  in  1897  for  the  same  purpose  as 
the  Association  at  Malmö. 
The  staff  numbers  forty-nine. 

5.  Ingeniörsvetenskapsakademien  (The  Royal  Swedish  Institute  for  Scienti- 

fic-Industrial Research.    Fuel  Research  Committee).    Stockholm  5. 

Director. — Axel   F.    Enström. 

Objects. — The  Committee  was  constituted  in  1920  with  the  view  of 
investigating  the  preparation  of  fuel  out  of  native  fuel  resources  and 
promoting  fuel  economy  in  industry  and  in  domestic  use.  The  funds  are 
provided  by  the  Government.  The  staff  numbers  seven,  plus  a  variable 
number  of  assistant  investigators  and  engineers. 

United  States 

1.  Fuel  Division   of  the  American   Society  of  Mechanical  Engineers.     29 
West  Thirty-ninth  Street,   New  York,  U.S.A. 

Chairman. — Victor  J.  Azbe. 

Objects. — The  division  was  formed  in  1920  to  stimulate,  develop,  and 
present  technical  matters  in*  fuels  as  related  to  mechanical  engineering, 
by  discussion  and  publication  of  the  latest  developments.  Has  special 
committees  on   Smoke   Abatement  and  Research. 

It  is  financed  by  the  parent  body,  A.S.M.E. 
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2.  Gas  and  Fuel  Division  of  the  American  Chemical  Society.  Mills 
Buildings,  Washington,  D.C. 

Chairman  (1928). — A.  C.  Fieldner. 

Secretary. — O.  O.  Malleis. 

Objects. — The  division  Avas  formed  in  1922  to  stimulate  the  interest  and 
encourage  research  in  matters  pertaining  to  the  chemistry  of  gas  and  fuel 
both  theoretical  and  applied,  and  to  co-operate  when  possible  with  organ- 
isations working  in  the  same  field. 

3  Ai)ierican  Institute  of  Mining  and  Metallurgical  Engineers.  29  West 
Thirty-ninth  Street,  New  York,  U.S.A. 

Secretary. — 'H.    Foster   Bain. 

Objects.' — The  Institute  was  formed  in  1871  to  promote  the  arts  and 
sciences  connected  with  the  economic  production  of  useful  minerals  and 
metals  by  means  of  meetings  and  discussions  of  papers  and  by  the 
circulation  of  same.  It  is  financed  by  direct  subscriptions  from  members. 
The  staff  numbers  twenty-five. 

4.  International    Railzvay     Fuel    Association.      516     Railway     Exchange 

Buildings,  Chicago,  111.,  U.S.A. 
Secretary. — L.  G.  Plant. 

Objects. — The  Association  was  formed  in  1908  for  the  education  of 
members  by  the  dissemination  of  information  covering  modern  practice 
relative  to  purchase,  inspection,  distribution,  handling  uses,  and  accounting 
of  fuel.  It  is  financed  by  subscriptions  from  members  and  by  the  revenue 
from  the  sale  of  Annual  Proceedings.     The  staff  numbers  two. 

5.  American   Gas  Association   Inc.      420   Lexington   Avenue,   New   York, 

U.S.A. 

Director. — Alex.  Forward. 

Objects. — The  Association  was  formed  in  1918  to  promote  and  develop 
the  gas  industry,  to  increase  the  effectiveness  of  gas  service  for  light,  heat, 
and  power,  and  to  advance  the  methods  of  manufacture,  distribution, 
sales,  and  utilisation  of  gas,  and  to  disseminate  information  for  this 
purpose.  Research  is  carried  out,  and  in  some  cases  tests  on  plants  have 
been  made.  It  is  financed  by  direct  subscriptions  from  members.  The 
staff  numbers  sixteen. 

6.  Bureau  of  Mines.     Department  of   Commerce,  Washington,   D.C. 
Director. — Scott  Turner. 

Objects. — ^The  Bureau  was  formed  in  1910  to  investigate  the  mineral 
fuels  and  unfinished  mineral  products  of  the  United  States,  with  a  view 
to  their  most  efficient  mining,  preparation,  treatment,  and  use,  and  to 
disseminate  information  concerning  these  subjects.  The  many-sided 
activities  of  the  Bureau  include  laboratory,  semi-commercial  and  field 
investigations  of  boiler  practice,  metallurgy  of  iron  and  steel,  coal  and  oil 
shale  mining  and  practice,  fuel  utilisation  in  industry,  oil  technology,  etc., 
and  results  obtained  are  published  periodically  in  scientific  journals  and 
in   Government   publications. 
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7.  Fuel  and  Gas  Engineering  Course — Massachusetts  Institute  of  Techno- 

logy.    222  Charles  River  Road,  Cambridge,  Massachusetts,  U.S.A. 

Director. — Assoc.   Prof.   J.  T.   Ward. 

Objects. — The  course  was  formed  in  1925  to  train  graduate  engineers 
for  work  in  fuel  and  gas  industries,  and  to  carry  out  research  on  fuels. 
These  researches  cover  the  constitution  of  fuels  processing  and  utilisation 
of  fuels.  It  is  financed  from  the  general  funds  of  the  Institute.  The 
staff  consists   of   five    regular   instructors   and   research   men. 

8.  Mellon  Institute  of  Industrial  Research.    Thackeray  and  O'Hara  Streets, 

Pittsburgh,  Pa.,  U.S.A. 

Director. — Dr.   Edward  R.   Weidlein. 

Objects. — ^The  Institute  was  founded  in  1913,  and  is  organised  on  a 
contract  basis,  the  problem  being  set  by  a  person,  firm  or  association 
interested  in  the  solution,  the  Institute  finding  the  scientific  worker  and 
assigning  an  Industrial  Fellowship  for  a  period  of  at  least  one  year.  All 
results  obtained  belong  to  the  donor  of  the  Fellowship.  It  is  financed  by 
the  income  from  the  foundation  sums  of  its  Industrial  Fellowships.  The 
staff  consists  of  112  chemists  and  scientists  and  engineers,  whose  activities 
are  supervised  by  an  executive  staff  of  five  specialists. 

9.  Mechanical  Engineering  Department,  Towne  Scientific  School,  Univer- 

sity of  Pennsylvania.     Philadelphia,  Pennsylvania. 
Director. — John  Fraser,  Ph.D. 

Director  (M.E.  Dept.).— Robert  H.  Fernald,  M.E.,  Ph.D.,  Sc.D. 
Objects. — The  Fuel  Engineering  Course  was  formed  in  1927,  and  relates 
to  fuel  engineering  and  fuel  conservation.  It  gives  direct  service  to  firms 
by  testing  of  plants  and  fuel  researches  and  investigations  by  the  regular 
educational  staff  of  the  department.  It  is  financed  by  endowment.  The 
staff  numbers  fifty-one. 
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RUSSIAN     NATIONAL    COMMITTEE,     WORLD     POWER     CONFERENCE 
M.    I.    LAPIROFF-SCOBLO 

Paper  No.  V4 

CONTENTS 

A TRAINING  AND  EDUCATION  OF  PERSONNEL.   (l)  EDUCATION  OF 

ENGINEERS.   (ll)  TRAINING  OF  FIREMEN 

B GENERAL  SURVEY  OF  ORGANISATIONS  CONCERNED  WITH  THE 

EFFICIENT  UTILISATION  OF  FUEL.  (l)  STATE  ORGANISATIONS, 
(ll)  SCIENTIFIC,  ENGINEERING  AND  PUBLIC  ORGANISATIONS.  (ill) 
PUBLIC  INDUSTRIAL  ORGANISATIONS.   (iv)  PUBLIC  ENGINEERING 

ORGANISATIONS 

C — ECONOMIC  POSSIBILITIES  OF  BETTER  CO-ORDINATION  IN  THE 
FIELD  OF  FUEL  UTILISATION 

ZUSAMMENFASSUNG 

Efficient  utilisation  of  fuel  can  only  be  attained  if  a  country 
possesses  a  sufficient  well-trained  technical  personnel.  The 
U.S.S.R.  government  endeavours  to  create  an  adequate  technical 
stafï  of  every  qualification;  beginning  with  engineers,  who  are 
scientifically  instructed  in  elaborate  research  work,  and  ending 
with  the  men  who  are  entrusted  with  the  task  of  directly  attend- 
ing to  the  boiler  plants. 

A— TRAINING  AND  EDUCATION  OF  PERSONNEL 
(I)    The  Education  of  Engineers 

Engineers  devoting  themselves  to  the  study  of  heat  engineering 
are  given  instruction  in  the  following  institutions  :  the  univer- 
sities and  higher  engineering  schools  take  the  first  place,  then 
come  the  research  institutes,  the  organisations  and  institutions 

1347 


ORGANISATIONS 

devoted  to  raising  the  qualifications  of  heat  engineers  ;  finally,  the 
engineering  associations  and  refresher  courses  which  have  been 
organised  by  individual  industrial  enterprises. 

(1).  The  universities  and  higher  engineering  schools  give  that 
education  v^hich  is  sufficient  and  necessary  for  further  indepen- 
dent engineering  work.  The  higher  engineering  schools  so 
establish  such  educational  plans  that  their  graduates,  besides 
being  sufficiently  instructed  in  the  general  theory  of  their 
particular  engineering  fields,  also  have  some  experience  in  the 
application  of  theory  to  the  solution  of  practical  problems.  On 
this  account^  the  schools  have  established  direct  contact  with 
industrial  enterprises  by  way  of  providing  for  obligatory 
industrial  work  of  the  students  in  these  enterprises.  The  dura- 
tion of  this  obligatory  industrial  work  of  each  student  is  to  total 
ten  months  for  the  five-year  period  of  study. 

This  special  industrial  training  is  closely  connected  with  the 
student's  diploma  work.  The  principle  of  a  close  relation  between 
school  and  industry  gradually  becomes  more  and  more  popular, 
but  this  question  is  still  far  from  being  solved  completely  with 
regard  to  organisation  and  the  practical  approach.  It  has  been 
recognised  to  be  of  urgent  importance,  and  may  now  be  expected 
to  receive  a  relatively  prompt  solution,  bearing  in  mind  that  both 
school  and  industry  are  controlled  by  the  State. 

The  higher  engineering  schools  which  have  arranged  special 
courses  for  the  training  of  engineers  specialising  in  heat  engineer- 
ing are  listed  below  : — 

1.  The  Moscow  Technical  College  (Moscow). 

2.  The     Moscow     Mechanical     Institute,     called     Lomonosofif 

(Moscow). 

3.  The  Leningrad  Polytechnical  Institute   (Leningrad). 

4.  The   Leningrad  Technological   Institute    (Leningrad). 

5.  The  Ivanovo-Voznesensk  Polytechnical  Institute   (Ivanovo- 

Voznesensk). 

6.  The   Nishny-Novgorod   University   (Nishny-Novgorod). 

7.  The    Donskoy    Polytechnical    Institute    (Novocherkassk). 

8.  The  Siberian  Technological  Institute   (Tomsk). 

9.  The  Far  East  University  (Vladivostok). 

10.  The  Kharkov  Technological  Institute   (Kharkov). 

11.  The  Kiev   Polytechnical  Institute   (Kiev). 

In  the  above-named  higher  engineering  colleges  and  universities 
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special  courses  in  heat  engineering  take  on  the  average  15  per  cent, 
of  the  total  time  of  study  in  mechanical  engineering. 

As  regards  specialisation  in  the  field  of  heat  engineering,  the 
higher  engineering  schools  are  classified  as  follows  : —      j^fo.  of 

Schools 


(a)  Heat  engines  (prime  movers)  and  the  industrial  use 
of  heat 

(b)  Steam  locomotives 

(c)  Automobiles  and  tractors 

(d)  Marine  engines 

(e)  Aviation  engines 
(/)  Refrigeration 


As  regards  programmes  of  study  the  higher  engineering  schools 
may  be  divided  into  the   following  two  groups  :  — 

(a)  A  broad  programme  in  general  study  followed  by  the 
specialisation  through  diploma  work. 

(b)  A  limited  programme  in  general  study  with  a  specialised 
study  in  any  particular  field. 

The  experience  now  being  accumulated  with  these  groups  of 
schools  will  show  which  is  the  better;  at  present,  both  types  of 
higher  engineering  schools  are  permitted  to  develop  concurrently. 

(2)  The  scientific  research  institutes  devoted  to  heat  engineering 
enrol,  as  a  general  rule,  the  ablest  young  engineers  selected  from 
amongst  the  graduates  of  higher  engineering  schools  ;  such 
a  practice  allows  the  formation  of  a  scientifically  trained  engineer- 
ing staff  of  instructors  and  assistants  who  are  engaged  in  scientific 
research  work  as  well  as  in  teaching. 

Two  types  of  training  have  been  adopted  by  these  institutes, 
one  giving  practical  training  to  the  students  nearly  completing 
their  studies  in  higher  engineering  schools — the  so-called  "students- 
practisers"  (apprenticeship)  ;  another  type  of  training  has  been 
adopted  for  the  graduates  of  high  engineering  schools,  so-called 
"stageurs."  The  "students-practisers"  are  enrolled  as  workers  in 
industrial  laboratories,  while  the  "stageurs,"  having  passed  a  two 
or  three  years'  training,  become  scientific  workers  of  the  institutes, 
subsequently  being  offered  opportunities  of  teaching  in  different 
educational  establishments. 

(3)  The  organisations  and  institutions  for  raising  the  qualifica- 
tions of  heat  engineers,  as  well  as  the  engineering  associations  and 
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the  refresher  courses  established  by  individual  industrial  enter- 
prises, have  as  their  common  aim  to  refresh  and  replenish  the 
theoretical  know^ledge  of  the  engineers  who  are  overloaded  with 
practical  work,  and  also  to  help  them  in  familiarising  themselves 
with  the  recent  progress  made  with  regard  to  heat  engineering. 

The  following  organisations  and  institutions  are  the  principal 
ones  in  the  above  field  of  training  : — 

(a)  The  institute  for  raising  the  qitalifications  of  administrative 
and  engineering  personnel.  This  institute,  located  in  Leningrad,  has 
arranged  special  courses  for  raising  the  qualifications  of  heat 
engineers.  These  courses  are  conducted  periodically,  being 
planned  for  a  one  and  half  month  training  course  which  com- 
prises lectures  (172  hours)  on  theoretical  and  applied  heat 
engineering,  exercises  (60  hours),  laboratory  work  (24  hours) 
and  excursions  made  to  different  industrial  plants  and  power 
stations  (22  hours).  The  State  industrial  enterprises  and  insti- 
tutions are  requested  to  send  their  engineers  to  attend  these 
courses,  in  conformity  with  a  special  time-table  and  special  terms. 

(b)  A  higher  course  on  power  production,  which  is  established 
at  the  Main  Electroteclmical  Board  in  Moscow.  Periodical  meet- 
ings of  engineers  are  held  once  in  two  weeks,  being  arranged  by 
the  Board  of  Directors.  Short  reports  followed  by  discussions 
are  made  at  these  meetings  by  the  permanent  members  of  the 
school  and  also  by  persons  specially  invited  for  the  purpose.  The 
work  of  the  school  is  conducted  in  conformity  with  an  elaborate 
programme,  which  comprises  the  general  problems  of  heat 
engineering  and  electricity  as  well  as  individual  problems  con- 
nected with  the  operation  at  big  industrial  plants_,  power  stations 
and  industrial  regions.  The  aim  of  the  school  is  to  raise  the 
qualifications  of  specialists,  and  also  to  establish  closer  personal 
touch  among  them.  Records  of  the  proceedings  are  printed  in 
engineering  magazines  and  the  most  important  papers  are  pub- 
lished separately. 

(c)  The  All  Union  Thermo-technical  Conferences.  The  pro- 
grammes of  these  meetings  cover  the  principal  scientific,  technical 
and  organisation  problems  in  heat  engineering;  also  propaganda 
as  to  the  latest  attainments  in  this  field  is  extensively  carried  on 
at  these  conferences. 

{d)  Conferences  of  heat  technologists  working  in  different  fields 
of  industry  have  of   late  taken  place   frequently.      The   results 
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obtained  at  these  conferences  are  embodied  in  very  valuable 
papers,  which  are  the  product  of  the  collective  work  of  the 
members. 

(e)  Ptthlic  organisations  represented  by  the  All  Union  Associa- 
tion of  Engineers,  which  has  its  sections  in  all  principal  cities  and 
industrial  centres  of  the  country.  These  organisations  mainly 
develop  their  activities  by  means  of  organising  meetings — the 
papers  following  upon  the  discussions  serve  to  raise  the  general 
level  of  the  technical  knowledge  of  engineers. 

(/)  Refresher  courses  for  heat  engineers  have  been  established 
during  the  last  decade  in  the  sugar,  metal  and  all  other  branches  of 
industry  interested  in  fuel  economy.  The  great  advantage  of  the 
courses  is  that  the  engineers  can  work  on  problems  which  are  of 
everyday  practical  importance  for  any  particular  branch  of  in- 
dustry ;  also,  they  are  given  the  opportunity  to  extend  their 
theoretical  knowledge.  Courses  for  raising  the  qualification  of 
engineers  by  means  of  correspondence  were  founded  in  1927  at 
the  Moscow  Chemical  and  Technological  Institute  by  D,  J. 
Mendeleeff  ;  the  lectures  are  given  in  the  form  of  correspondence, 
while  the  work  to  be  done  in  laboratories  and  classes  is  conducted 
at  periodic  intervals, 

II — The  Training  of  Firemen 

The  qualification  of  firemen  in  Russia  prior  to  the  revolution  was 
very  low,  besides  the  fact  that  a  large  part  of  the  skilled  personnel 
had  been  lost  during  the  war.  As  no  organisations  engaged  in 
the  special  training  of  firemen  were  in  existence,  it  has  been  an 
extremely  important  task  to  improve  the  qualifications  of  firemen 
in  the  shortest  possible  time.  An  organisation  named  the  "Troyka"^ 
for  training  firemen  was  created  in  1923;  this  organisation  had  to 
organise  and  conduct  the  training  of  the  whole  of  the  firemen 
available  in  the  country — that  task  to  be  completed  by  Januarys  1, 
1928.  The  general  meeting  of  boiler  owners  was  at  the  head  of 
the  "Troyka,"  and  was  to  elect  the  governing  board.  For  the 
sake  of  convenience  the  whole  country  was  divided  into  districts 
and  an  accredited  delegate  of  the  "Troyka"  w^as  appointed  in 
charge  of  each. 

The  principal  aim  pursued  in  training  a  fireman  may  be  defined 
as  follows  : — To  instruct  the  fireman  to  attend  to  the  boiler  in 

^  Three  persons. 
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accordance  with  safety-first  principles  and  to  burn  the  fuel 
sparingly  ;  also  to  understand  the  basic  processes  which  take  place 
in  the  boiler  and  its  furnace.  The  training  of  firemen  is  effected 
in  two  ways  ;  either  by  means  of  the  special  two-months'  courses 
or  through  the  teaching  of  instructors,  who  conduct  the  training 
of  firemen  where  they  work.  A  special  staff  of  engineers  was 
set  up  for  the  control  and  supervision  of  the  instructors'  work. 
Upon  the  completion  of  training  the  fireman  has  to  pass  an 
examination  before  a  commission,  made  up  of  representatives 
appointed  by  various  departments  and  institutions,  by  the 
"Troyka"  and  also  by  the  enterprise  in  which  the  fireman  was 
employed.  The  fireman,  having  passed  the  examination,  receives 
a  temporary  certificate,  which  is  to  be  exchanged  for  a  permanent 
one  after  six  months'  irreproachable  work  by  the  fireman.  The 
boiler  owners  pay  for  the  fireman's  training.  Every  enterprise 
is  entitled  to  organise  its  own  independent  course  of  training  in 
conformity  with  the  programmes  set  up  by  the  "Troyka,"  but 
the  fireman,  after  having  completed  the  training,  must  pass  the 
examination  before  the  commission,  which  includes  a  representa- 
tive of  the  "Troyka."  During  the  four-year  period  620  instructors 
and  51,324  firemen  have  been  trained  by  the  "Troyka." 

The  results  of  the  training  with  regard  to  its  quality  have  been 
discussed  at  various  conferences  and  also  have  been  investigated 
by  means  of  questionnaires  which  have  been  sent  to  the  enter- 
prises employing  the  firemen.  In  the  overwhelming  majority  of 
cases  adequate  practical  results  of  training  have  been  ascertained, 
such  as  increased  fuel  economy,  better  attendance  to  the  boilers,  to 
say  nothing  of  the  influence  exerted  upon  the  general  mental 
development  of  the  fireman. 

B— GENERAL  SURVEY  OF  THE  ORGANISATIONS 
CONCERNED  WITH  THE  EFFICIENT  UTILISATION 

OF  FUEL 

The  organisations  may  be  classified  in  two  principal  groups, 
each  having  distinct  and  separate  tasks. 

1.  The    State    organisations    under   whose    scope    the    general 

regulations  and  planning  of  fuel  utilisation  falls. 

2.  The  scientific,  engineering,  and  public  organisations  working 

in  the  field  of  efficient  fuel  utilisation. 
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The  foregoing  groups,  differing  greatly  in  regard  to  aims  and 
structure,  are  each  to  be  severally  discussed  hereunder  :  — 

I — An  Outline  of  State  Organisations  that  have  Regulating 
AND  Planning  Functions  in  the  field  of  Fuel  Utilisa- 
tion 

Before  the  world  war  of  1914,  no  state  organisation  for  elabor- 
ating and  taking  measures  for  the  efficient  utilisation  of  fuel 
existed  at  all  ;  although,  due  to  the  actual  conditions  of  the  coun- 
try, a  definite  system  had  been  long  required,  as  the  fuel  supply 
every  year  lagged  behind  demand. 

The  first  attempt  at  applying  State  regulation  to  the  fuel  supply 
arose  in  the  period  of  the  world  war.  A  special  Fuel  Council  was 
formed  in  1915  by  the  Ministry  of  Trade  and  Industry.  However, 
the  functions  of  that  organisation  were  largely  confined  to  the 
regulation  of  fuel  distribution,  according  to  the  needs  of  the 
defence  of  the  country,  while  the  problems  of  fuel  utilisation  were 
touched  upon  only  in  the  slightest  measure. 

Later,  fuel  problems  were  investigated  in  a  most  thorough  manner. 
It  was  only  by  means  of  complete  unification  of  the  control  of 
fuel  production  and  distribution,  coupled  with  adequate  improve- 
ments in  fuel  utilisation,  that  the  Government  rapidly  succeeded 
in  overcoming  the  worst  fuel  crisis,  which  occurred  as  the  result 
of  the  world  and  civil  wars.  This  control  also  succeeded  in  re- 
storing the  production  of  fuel  in  the  country  and  in  its  further 
development  to  a  scale  which  to-day  by  far  exceeds  the  pre-war 
level.  The  successful  operation  of  the  central  governing  organisa- 
tions is  to  a  great  extent  dependent  upon  the  existing  network  of 
local  establishments,  industrial  and  trade  enterprises. 

The  present  system,  incorporating  the  State  organisations  for 
fuel  control,  serves  to  bring  into  life  the  following  principles  of 
fuel  policy  : — 

1.  The  principle  of  a  unified  fuel  balance.  This,  in  the  scheme 
of  Soviet  fuel  establishments,  it  attained  by  means  of  concentrat- 
ing all  functions  relating  to  the  production  and  distribution  of  fuel 
under  the  management  of  a  single  body — the  Main  Mining  and 
Fuel  Board. 

The  problem  of  utilisation  of  electrical  energy  is  closely  connected 
with  the  plans  of  fuel  supply  and  with  the  general  fuel  policy. 

2.  The  principle   of  co-ordination   of  fuel  distribution   among 
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consumers,  together  with  the  transportation  of  fuel  to  the  points 
of  use.  To  ensure  an  uninterrupted  supply  of  fuel  to  the  con- 
sumer, taking  into  consideration  the  individual  characteristics  of 
each,  there  have  been  organised  special  regulating  establishments, 
the  duty  of  which  it  also  is  to  compile  plans  for  transport.  The  latter 
are  worked  out  by  the  Central  and  Regional  Transportation 
Committees,  likewise,  by  the  Kharkoff  Mining  Metallurgical 
Committee  (for  Donetz  fuel). 
3.  The  principle  of  the  most  efficient  utilisation  of  railways  and 
waterway  transportation.  Estimates  for  fuel  supply  are  made 
up,  taking  into  account  all  possibihties  for  the  utilisation  of  local 
fuel  (peat,  low-grade  coals),  in  order  to  cut  down  to  a  minimum 
the  fuel  transportation  radius,  counter-course  transportation 
being  totally  excluded, 
c.  The  principle  of  geographical  distribution  and  permissible 
regional  distribution  of  different  kinds  of  fuel,  as  well  as  the 
principle  of  elaborating  the  technically  efficient  and  most  economic- 
ally advantageous  fuel  balance  for  every  individual  consumer. 
Each  particular  kind  of  fuel  must  be  kept  territorially  within  a 
limited  consuming  market.  On  the  other  hand,  it  is  necessary 
that  a  more  or  less  steady  fuel  regimen  should  be  estabhshed  for 
every  consumer,  this  regimen  to  be  so  efficient  (technically)  and 
so  advantageous  (economically)  as  to  eliminate  entirely  frequent 
transition  from  one  kind  of  fuel  to  another,  such  as  had  previously 
frequently  been  practised  by  some  consumers. 

5.  The  principle  of  unity  in  the  fuel  plan  with  a  simultaneous 
decentralisation  of  its  operative  fulfilment.  The  unified  plan  of 
fuel  supply  for  the  whole  state,  worked  out  by  the  Central  estab- 
lishments, comprises  all  fuel  consumers.  They  are  not,  however, 
named  individually,  but  grouped  according  to  the  following 
specific  categories  :  — 

(o)  Railway  and  waterway  transport. 

{b)  Army  and  Navy. 

(c)  The     big    industrial     enterprises     classified     as     separate 
branches. 

{d)  The  regional  electric  stations. 

{e)    Domestic  requirements,  small  industrial  consumers,  etc. 
According  to  the  fuel  plan  a  definite  amount  of  fuel  is  appor- 
tioned to  each  of  the  above  categories  of  consumers,  the  latter 
being  allowed  a  free  distribution  of  the  stated  amount  of   fuel 
during  the  whole  period  planned. 
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6.  The  principle  of  ziMthholding  fixed  reserves  of  fuel  for 
operating  and  industrial  purposes.  During  the  period  for  whicn 
the  fuel  supply  plan  is  made  out,  there  may  appear  an  increased 
demand  for  fuel  or  altogether  new  consumers  may  come  into 
existence.  In  order  to  provide  for  such  emergencies  the  fuel  plan 
arranges  for  the  accumulation  of  fixed  reserves. 

The  methods  applied  for  controlling  the  country's  fuel  supply 
are  specified  as  follows  : — 

(a)  In  the  field  of  the  production  and  collection  of  fuel.  Due 
to  the  state  ownership  of  all  big  fuel  industries,  the  production  of 
fuel  as  well  as  its  consumption  may  be  properly  co-ordinated  at 
the  time  of  the  preparation  of  the  plan;  moreover,  when  putting 
through  the  fuel  programmes  under  practical  conditions,  suitable 
instructions  may  be  given  to  the  fuel  producing  enterprises  as  to 
the  necessity  of  either  curtailing  or  increasing  the  production. 

As  regards  the  private  (leased)  coal  industry,  the  control  is 
effected  either  by  allotting  it  a  definite  market  or  by  means  of  a 
special  regulation  to  the  effect  that  all  the  production,  the  amount 
of  which  is  fixed  by  agreement,  should  be  surrendered  to  the  State. 

Private  enterprises  preparing  firewood  are  controlled  through 
the  regulation  of  allotments  in  the  forest  area  owned  by  the  State. 

(b)  In  the  field  of  fuel  distribution.  The  concentration  of  nearly 
all  the  mineral  fuel  trade  in  the  hands  of  the  State  ;  the  delivery 
of  mineral  fuel  only  by  special  orders  based  on  the  general  State 
plan  fuel  supply;  the  setting  up  of  a  regular  system  of  fuel 
transport  by  railways  and  waterways  ;  the  fact  that  cars  for 
loading  fuel  are  provided  only  for  those  consumers  and  in  such 
quantities  as  are  foreseen  by  the  corresponding  consignment 
notes  of  the  regulating  establishments,  and  issued  in  strict  order 
of  rotation;  the  introduction  of  regional  sales  prices,  the  estab- 
lishment of  fixed  freight  rates  for  railway  and  waterway  trans- 
portation. 

Comparative  data  regarding  the  production  and  storage  of  fuel 
used  for  industrial  purposes/  at  present  and  in  pre-war  times 
within  the  U.S.S.R.  territory  are  given  below. ^ 

1  Consumption  of  industry,  transportation  and  all  other  users  of  mineral 
fuel  and  peat  incorporated,  except  the  consumption  of  firewood  for 
domestic  purposes,  on  account  of  absence  of  reliable  records. 

-  Firewood  in  thousands  cu.  m.  ;  other  kinds  of  fuel  in  thousands  of 
metric  tons. 
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1913. 

1926-27.2 

1927-28." 

Increase 

Increase 

Kind  of  fuel. 

against 

(estimated) 

Quantity. 

1913 

per 

cent. 

Quantity. 

against 

1913 

per  cent. 

A.   Gross  production 

1.  Firewood 

66,6691 

59,328 

—     13-6 

56,143 

—    18-3 

2.  Peat              

1,5401 

6.146 

+  299-0 

7,252 

+  371-0 

3.  Coal 

(a)  Donetz  basin 

25,291 

24,577 

—      2-8 

28,223 

-f     11-6 

\b)  Other  regions 

3,752 

7,502 

+   100-0 

8,488 

-f   126-3 

Total       

29,042 

32,079 

+     10-5 

36,711 

+     26-4 

4.  Petroleum 

(a)  Production 

9,222 

10,531 

+      14-2 

11.697 

+     26-8 

[b)  The   yield   of   fuel 

oil    at    refineries. 

gross* 

6,6831 

7,664 

+      14-7 

8,149 

-f     21-8 

Total    gross    production 

converted    into    equi- 

valent fuel  (  7,000  cal.)  * 

50,730 

54,587 

+       7-6 

59.340 

+     17-0 

B.  Consumption  and  los- 

ses at  place  of  produc- 

tion,   equivalent     fuel 

(7,000  cal.)      

6,3421 

6,842 

+       7-9 

7,804 

-f     23-1 

C.  Net  production,  equi- 

valent fuel  (7,000  cal.) 

44,3881 

47,745 

+       7-5 

51,536 

+     16-0 

1  Data  not  fully  accurate. 

"From  October  1st.  1926,  to  October  1st,  1927. 

8  From  October  1st,  1927.  to  October  1st.  1928. 

*  This  amount  includes  also  the  fuel  consumed  in  the  oil  fields,  and  refineries,  and 

not  only  marketed  net  production. 

*  This  amount  in  relation  to  petroleum,  includes  only  the  yield  of  fuel  oil.  but  not 

the  production. 

For  the  conversion  into  standard  fuel  (7,000  cal.)   the   following  equivalent    has 
been  taken  : — 

(1)  Firewood     0-188  (3)  Coal  0-925 

(2)  Peat  0-47  (4)  Fuel  oil  1-43 

The  above  figures  show  that  the  production  and  collection  of  all 
kinds  of  fuel  in  1926/27  exceeded^  on  the  average,  the  pre-war 
amounts  (by  7.6  per  cent.)  while  with  regard  to  separate  items  of 
the  above  fuel  balance  the  following  is  to  be  mentioned  :  — 

1. — Firewood.  As  compared  to  pre-war  figures  the  amount  of 
firewood  for  industrial  purposes  has  decreased  by  13.6  per  cent.  ; 
this  is  chiefly  due  to  a  more  efficient  utilisation  of  the  forest 
reserves,  a  more  efficient  use  of  firewood,  and,  in  addition,  the 
scale  of  firewood  consumption  is  being  restricted  to  the  rate  of 
the  natural  growth  of  woods. 
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2.— -Peat.  Peat  is  considered  one  of  the  principal  types  of  local 
fuel  not  requiring  any  long-distance  transport  for  industry  (especi- 
ally for  the  textile  enterprises)  and  for  central  generating  plants. 
The  application  of  new  methods  of  peat  production  ("Hydro- 
peat,"  dredging  and  cutting  methods)  has  led  to  a  considerable 
increase  of  production,  as  compared  with  pre-war  data  (nearly 
fourfold  increase). 

3.— Coal.  Coal  constitutes  the  principal  fuel  resource  of  the 
country.  Having  undertaken  the  task  of  the  utmost  reduction  of 
the  transport  radius  for  fuel,  the  regulating  fuel  establishments 
are  now  aiming  at  securing  a  maximum  use  for  those  coals  that 
do  not  require  any  long-distance  transportation.  On  account  of 
this,  the  production  of  the  Donetz  basin  in  1926/27  did  not  reach 
the  pre-war  level  (less  by  nearly  3  per  cent.),  while  the  other 
regions  had  a  double  output,  as  compared  to  pre-war  figures.  It 
may  be  mentioned,  for  instance,  that  the  production  in  the  Moscow 
coal  basin,  which  was  300,000  tons  in  1913,  has  reached  980,000 
tons  in  1926/27,  thus  being  tripled;  the  coal  output  in  the  Urals 
has  been  increased  from  1,200,000  tons  (for  1913)  to  1,866,000 
tons  in  1926/27,  i.e.,  practically  by  55  per  cent.,  other  regions  show 
a  similar  increase  in  coal  output.  The  process  of  replacing  coking 
Coals  by  anthracite  is  now  going  on  in  the  open  market,  while  the 
reserves  of  coking  coals  are  being  transferred  to  the  metallurgical 
industry. 

4. — Petroleum.  Due  to  intensive  drilling  and  the  introduction 
of  improved  production  methods  as  compared  with  1913,  the 
petroleum  production  in  1926/27  has  grown  by  14  per  cent,  as 
against  1913. 

With  regard  to  crude  oil,  there  is  now  a  tendency  to  cut  down 
its  use  as  a  fuel  while  at  the  same  time  increasing  the  manufacture 
of  petroleum  products,  both  for  export  purposes  and  home  con- 
sumption. 

5. — Consumption  and  losses  of  fuel  at  the  place  of  production 
and  collection.  The  following  items  fall  under  this  head  :  the 
consumption  of  fuel  for  the  needs  of  the  producing  industry 
itself,  losses  incurred  in  the  manufacture  of  coke  and  charcoal, 
waste  in  culm  or  slack  coal,  etc.  For  the  fuel-producing  industry 
taken  as  a  whole,  the  above  consumption  and  losses  constitute 
only  12.5  per  cent,  of  the  gross  output,  this  figure  being  only 
slightly  higher  than  the  pre-war  average. 
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The  industrial  consumptions  of  fuel  are  given  below  (firewood 
in  thousands  cu.m.,  other  kinds  of  fuel  in  thousands  of  metric  tons). 


1913. 

Data  not   fully 

926-1927 

1927-1928 

accurate. 

Per- 

1 

Per- 

Increase 

1 

Per- 

Increase 

Quan- 

centage 
in 

Quan- 

centage 
in 

against 
1913 

1 

Quan- 

centage 
in 

against 
1913 

tity. 

fuel 
balance. 

tity. 

fuel 
balance. 

per 
cent. 

tity. 

fuel 
balance. 

per 
cent. 

A.    Industrial 

consumption 
lessconsump- 
tionandlosses 

at   places   of 

production 

and       collec- 

tion. 

1.  Firewood... 

64,795 

27-7 

46,628 

20-9 

-     26-5 

47,987 

19-8 

-     25-9 

2.  Peat 

1,933 

20 

4,563 

51 

+   135-0 

5,596 

5-7 

+  189-0 

3.  Coal 

27,305 

56-8 

26,895 

59-3 

-       1-5 

19,519 

58-9 

+       8-1 

4.  Fuel  Oil  ... 

4,177 

13-5 

4,316 

14-7 

+       3-3 

4,967 

15-6 

+     19-0 

Total     equiv- 
alent  fuel 

(7.000  cal.)... 

44,319 

100-0 

41,971 

100-0 

-       5-3 

45,819 

100-0 

+       3-3 

B.  Total  con- 

sumption and 

losses      at 

p  aces  of  pro- 
uction    and 

collection. 

Equivalent 

fuel     (7,000 
cal.) 

6,342 

6,842 

-1-       7-9 

7,804 

-t-     231 

TOTAL       for 

i 

U.S.S.R.  ... 

50,661 

48,813 

-       3-7 

53,623 

+       5-8 

The  balance  of  fuel  consumed  in  1926  27  is  3-7  per  cent,  less  than  that  of  1913; 
besides  being  much  more  mineralised  as  compared  with  the  balance  of  1913; 
the  percentage  of  firewood  in  the  balance  of  1926/27  equals  20-9  per  cent, 
against  the  pre-war  figure,  which  is  27-7  per  cent.  The  consumption  of  valuable 
fuel — petroleum — shows  a  growth  of  only  3-3  per  cent,  compared  with  1913, 
while  the  production  of  petroleum  has  increased  by  14  per  cent. 

The  relation  between  production  and  consumption  in  the  fuel 
balance  may  be  recognised  as  being  more  favourable  at  present 
than  it  was  in  1913.  The  inadequate  production  in  1913  could 
hardly  cover  the  current  consumption  even  in  total  figures  of 
equivalent  fuel  ;  this  involved  the  importation  of  foreign  coal, 
which  exceeded  83  million  tons^  nearly  half  of  which  quantity  was 
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imported  into  the  territory  of  the  U.S.S.R.  At  present,  the  pro- 
duction and  storing  of  fuel,  taken  in  total  figures  (as  standard 
fuel),  exceeds  the  existing  home  consumption  by  nearly  12  per 
cent,  (in  1926/27) — and  this  allows  of  the  following  advantages  : — 

1.  An  uninterrupted  supply  of  fuel  to  the  consumers. 

2.  The  maintenance  of  fuel  reserves  at  a  level  permissible 

from  a  technical  standpoint. 

3.  To  confine  the  import  of  coal  to  a  strict  minimum. 

4.  To  export  mineral  fuel  abroad  (petroleum  and  coal)  in 
quantities  exceeding  pre-war  figures. 

II — An  Outline  of  the  Scientific,  Engineering  and  Public 
Organisations  which  work  in  the  field  of  Efficient 
Fuel  Utilisation  in  Industry 

All  scientific,  engineering  and  public  organisations  that  are  en- 
gaged in  problems  of  fuel  utilisation  may  be  divided  into  the 
following  groups  : — 

(a)  The    special    State    technical    councils    and    analogous 
committees. 

(b)  The  research  institutes. 

(c)  Public  industrial  organisations. 

(d)  Public  engineering  organisations. 

I — The  Technical  Councils  and  Committees 

According  to  the  decrees  of  the  Government  no  large  scale 
project  concerning  new  capital  expenditure  can  be  realised  with- 
out previously  having  been  examined  by  the  Technical  Council 
concerned. 

(a)  The  Technical  Council  has  to  fulfil  the  following  basic 
tasks  :  scientific  investigations  of  all  broad  scale  problems  of 
fuel  utilisation  ;  consultation  on  heat  engineering  problems  ; 
obligatory  examination  of  projects  of  new  capital  expenditure 
in  the  field  of  heat  engineering  and  problems  of  efficiency  and 
standardisation. 

The  membership  of  the  above  council  comprises  prominent 
scientists,  heat  engineers  and  leading  workers  in  industrial 
enterprises  engaged  in  the  technique  or  the  economy  of  the  fuel 
industry. 

(b)  The  Central  Electrotechnical  Council  is  entrusted  with  the 
task  of  examining  all  projects  concerning  electrical  construction. 
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(c)  The  Technical  Committee  of  the  Commission  for  Transport 
is  called  upon  to  give  a  scientific  solution  to  all  complicated 
technical  problems  in  the  field  of  transportation;  this  Committee 
has  also  to  examine  all  problems  of  heat  engineering  as  applied 
to  transport. 

In  addition  to  the  above  committee,  there  also  exists  within  the 
transportation  enterprises  a  whole  network  of  heat  engineering 
organisations  with  the  task  of  carrying  out  practical  measures 
for  improvement  in  fuel  utilisation. 

There  also  exists  a  "Heat  Engineering  Service"  under  the  Central 
Board  of  Railway  Transportation,  which  controls  all  work 
connected  with  raising  the  efficiency  of  fuel  utilisation  on  the 
railways.  Each  branch  of  the  service,  in  accordance  with  the 
mileage  of  the  particular  railroad,  employs  from  eight  to  four- 
teen heat-technologists,  and  has  besides  a  movable  laboratory  in 
a  heat-testing  car,  which  is  adequately  equipped  with  all  facilities 
for  testing  both  boiler  and  engine  installations. 

Similar  organisations  are  operating  in  connection  with  river  and 
maritime  transportation  enterprises,  and  with  the  Central  Board 
of  Waterway  Communication. 
II — Research  Institutes 

Nearly  a  hundred  research  institutes  have  been  set  up.  Most 
of  the  research  institutes  are  in  constant  close  touch  with  the 
Universities  and  higher  engineering  Colleges. 

The  Technical  Institutes  are  closely  linked  up  with  industry, 
receiving  various  problems  to  be  solved  from  the  latter  and 
sharing  their  attainments  with  it. 

Special  Conferences  of  the  respective  Technical  Institutes  are 
held  periodically,  in  which  workers  of  industrial  enterprises, 
factory  and  high  school  laboratory  workers  also  participate. 

At  these  conferences  reports  concerning  accomplished  work  are 
delivered,  and  the  most  important  recent  attainments  discussed. 
The  standpoint  taken  is  always  that  of  possible  practical  appli- 
cation.   Plans  for  future  work  are  elaborated  in  the  same  spirit. 

(a)   The  Ther mo-Technical  Institute  of  Professors  V.  I.  Grine- 
vetzky  and  K.  V.  Kirsh,  in  Moscow. 
(Prof.  L.  K.  Ramzin,  Director). 

The  above  mentioned  Thermo-Technical  Institute  was  founded 
in  1921,  as  the  result  of  the  initiative  of  V.  I.  Lenin. 

The  Thermo-Technical  Institute  is  closely  connected  with 
industrial  enterprises.      The  whole  programme  of  its   activities 
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is  based  on  the  solution  of  problems  which  have  been  set  by 
industry.     The  Institute  is  working  on  behalf  of  industry  along 
the  follov/ing  principal  lines  : — 

1.  Setting  up  various  standards  and  specifications,  also 
instruction  regarding  the  industrial  utilisation  of  fuel. 

2.  Elaboration  of  schemes   for  new  capital  expenditure   in 

projects    of    power    plant    installations    as    well    as    the 
reconstruction  of  existing  ones. 

3.  Ascertaining   the  most   efficient   designs   of   power   plant 

equipment. 

4.  The  carrying  out  of  various  tests  and  investigations  of 
existing  power  plant  installations  in  industrial  enter- 
prises, in  order  to  improve  their  over-all  economy. 

5.  The  efficient  use  of   fuel  in  individual  industrial  enter- 

prises, by  means  of  the  application  of  fuel  control,  the 

introduction  of  bonus  systems,  etc.  ;  as  well  as  the  carrying 

out    of    all    kinds    of    examinations    and    consultations, 

compiling      standard      fuel      balances      for      industrial 

enterprises,  etc. 

At  present,  the  Institute  has  nine  laboratories  (Boilers,  Engines, 

Electric   Drying  Tests,   Gas  Generation,   Mechanical   Petroleum, 

Technical    Heating    and    Ventilation)  ;    five    scientific    sections 

(Technical  Industrial  Tests,  Power  Production,  Fuel  Economy, 

Internal    Combustion   Locomotives),    and   a   series   of    auxiliary 

sections  and  enterprises  (the  Construction  and  Erection  Bureau, 

the  Department  for  Acceptance  of  Donetz  Fuel  and  an  electrical 

station). 

The  boiler  laboratory  is  equipped  with  various  types  of  boilers  ; 
the  latter  in  turn  may  be  equipped  with  furnaces  of  any  type  or 
design,  thus  becoming  adapted  to  the  use  of  various  kinds  of 
fuel  under  any  conditions.  Units  of  the  best  existing  type  and 
design  are  installed  in  the  engine  laboratory.- 

T'he  Construction  and  Erection  Bureau  of  the  Institute  is  under- 
taking work  in  industrial  enterprises,  thus  serving  to  put  into 
practice  the  ideas  and  attainments  of  the  Institute. 

The  industrial  tests  section  undertakes  the  examination  and 
testing  of  power  plant  installations.  During  the  whole  period 
of  its  activities  this  section  has  investigated  187  enterprises, 
whose  total  consumption  of  fuel  is  nearly  one  million  metric  tons 
per  year. 
The  economy  attained  in  separate  enterprises  as  a  result  of 
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recommendations  by  the  Section  for  Industrial  Tests  ranges  from 
10  to  40  per  cent.  This  economy  effected  may  be  estimated  at 
about  150,000  tons  of  annual  fuel  savings. 

The  Institute  has  also  taken  into  the  scope  of  its  work  the 
problems  of  the  construction  of  internal  combustion  locomotives. 
The  Internal  Combustion  Locomotive  Bureau  designs  the  most 
efficient  type  of  these  locomotives  and  supervises  their 
manufacture. 

{h)    The    Thermo-Technical    Department    of    the    Leningrad 
Physico-Technological  Laboratory 

(Under  the  management  of  A.  F.  lofïe,  Member,  Academy 
of  Science.) 
This  Department  was  founded  in  1925  in  Leningrad.  Its 
Organisation  is  not  yet  complete.  The  Department  has  at  present 
two  laboratories,  one  for  heat  and  one  for  gas,  together  with  a 
section  for  industrial  investigations.  The  principal  problems 
investigated  in  these  laboratories  are  :  heat  transmission  laws  in 
all  important  technological  processes,  and  the  flow  of  gases  through 
ducts  and  gas  flues  in  industrial  furnaces,  boilers,  and  other 
heating  plant. 

(c)  An    Association    of    fuel    and    heat    engineering    research 

laboratories  has  recently  been  organised. 

(d)  The  Institute  for  Mechanical  Treatment  of  Minerals. 

("Mechanobr" — Prof.  S.  E.  Andreefï,  Director). 
The  Institute  was  founded  in  Leningrad  in  1920,  its  principal 
work  being  the  metallurgy  of  non-ferrous  metals.  In  the  field  of 
fuel  utilisation  the  Institute  is  carrying  out  investigations  on  the 
adaptability  of  coals  for  concentration;  there  is  a  specially 
equipped  laboratory  for  that  purpose. 

(e)  The  Aviation-Motor  Research  Institute. 

(In  Moscow — Prof.  N.  R.  BrilUng,  Director.) 
A  laboratory  was  created  in  1918,  which  was  reorgan- 
ised into  a  special  institute  in  1923.  The  Institute  is  mainly 
engaged  in  elaborating  problems  of  designing  automobile  and 
aviation  engines  ;  the  Institute  also  conducts  the  study  and  testing 
of  various  grades  of  motor  fuel  for  light  engines. 
(/)  The  Leningrad  Head  Engine  Laboratory. 

(Founded  in  192^1 — Prof.  L.  K.  Martens,  Director.) 
Investigates  various  fuels  for  engines  and  the  engines  them- 
selves, as  well  as  the  heat  processes  that  take  place  in  the  latter. 
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(g)  The  Petroleum  Institute. 

(Prof.  J.  M.  Goubkin,  Director.) 

The  Institute  was  founded  in  1913  in  Moscow,  and  has  three 
divisions  :  geology  and  prospecting,  petroleum  chemistry  and  tech- 
nology, and  field  mechanics.  The  scope  of  the  Institute's  work 
comprises  all  problems  in  connection  with  petroleum,  such  as 
prospecting  for  oil,  petroleum  production  methods  and  petroleum 
refining  methods. 

(h)  The  Peat  Institute. 

(I.  I.  Radchenko,  Director.) 

Founded  in  1922  in  Moscow.  It  comprises  the  following 
branches  :  a  geo-botanical  section,  a  chemical  laboratory,  a 
mechanical-designing  division,  an  experimental  division,  the  peat 
experimental  station  and  a  laboratory  for  the  artificial  dehydra- 
tion of  peat. 

(i)  The  Coal  Institute  in  the  Donetz  Basin. 

The  Institute  was  founded  in  1927  in  Kharkofif,  and  is  called 
upon  to  solve  a  series  of  problems  in  the  field  of  production, 
concentration  and  treatment  of  coals.  The  problems  of  coal 
chemistry  are  being  successfully  investigated  in  the  special 
laboratory  which  belongs  to  the  Karpofï  Chemical  Institute 
(founded  in  1918  in  Moscow). 

Some  of  the  smaller  technological  establishments  whose  work 
is  devoted  to  the  problems  of  fuel  utilisation  must  be  mentioned 
in  conclusion.  The  laboratory  of  the  "Donoogol"  trust  is  con- 
ducting a  study  of  the  quality  and  characteristics  of  Donetz  fuel 
and  is  also  engaged  in  the  problem  of  coal  gasification;  the  State 
Institute  of  Applied  Chemistry  includes  in  its  programmes  prob- 
lems of  chemical  treatment  of  peat  and  shales;  the  State  Silicate 
Institute,  where,  inter  alia,  questions  pertaining  to  the  use  of 
refractories  in  furnaces  are  also  investigated. 

Ill — -The  Public  Industrial  Organisations 

(a)  The  Bureau  of  the  All  Union  Thermo-Technical  Confer- 
ences— the  permanent  organ  of  the  All  Union  Thermo-Technical 
Conferences. 

A  special  publishing  commission  is  attached  to  the  Bureau  for 
the  purpose  of  editing  the  Transactions  of  the  All  Union  Thermo- 
Technical  Conferences  and  other  printed  matter. 
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(b)  Thcrmo-Technical  Organisotions  of  individual  branches  of 

Industry. 
Further,  engineering  organisations  were  formed  in  separate 
branches  of  industry  for  the  sake  of  rationalisation  (raising  the 
efficiency)  of  fuel  utilisation,  for  giving  advice  on  heat 
engineering  problems  and  also  instruction  in  the  operation  of 
power  stations.  The  principal  organisations  falHng  under  this 
head  are  :  the  central  and  regional  Heat  Engineering  Bureaus  of 
the  Sugar  Industry  (Moscow,  Kharkoff,  Kiew,  Vinnitza)  ;  the 
Bureau  of  the  Textile  Industry  Power  Conferences  (Moscow)  ; 
the  Heat  Engineering  Bureau  of  the  SiHcate  Industry;  the  Heat 
Power  Bureau  of  the  Central  Paper  Trust. 

(c)  The  Power  Section  of  the  Council  of  State  Industry  and 

Trade  Conferences. 

IV — Public  Engineering  Organisations 

The  tasks  undertaken  by  public  engineering  organisations  com- 
prise assistance  in  the  development  of  industrial  resources  of  the 
countiy  in  any  particular  field,  as  well  as  in  the  solution  of  fuel 
problems  ;  furthering  the  spread  of  heat  engineering  knowledge, 
raising  the  qualification  of  technical  personnel,  participation  in 
scientific  work. 

The  organisations  have  regular  meetings  with  papers  delivered 
and  discussions  held,  and,  in  addition,  they  publish  special 
engineering  journals. 

The  principal  public  engineering  organisations  that  are  engaged 
in  problems  of  heat  engineering  are  as  follow  : — 

1.  The  Engineers  and  Technical  section  of  the  Trades  Unions 
embrace  about  95  per  cent,  of  the  total  engineering  and  technical 
personnel. 

2.  The  All  Union  Association  of  Engineers,  including  its 
Thermo-Technical  section.  The  association  has  its  branches  in 
all  large  cities  and  industrial  centres. 

3.  The  Polytechnical  Society. 

4.  Thermo-technical  circles  in  high-engineering  schools  and 
universities. 

C— ECONOMIC    POSSIBILITIES    OF    A    BETTER    CO- 
ORDINATION IN  THE  FIELD  OF  FUEL  UTILISATION 

The  unfavourable  conditions  existing  in  the  U.S.S.R.  with 
regard  to  fuel  are  as  follow  : — 
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(a)  The  principal  deposits  of  mineral  fuel  are  situated  either 
in  the  south  of  the  country  (petroleum,  Donetz  coal),  or  in 
Siberia  (coal  in  the  Kusnetzky  basin),  while  the  basic  reserves 
of  wood  and  peat  are  located  in  the  extreme  north  ;  the  enormous 
territory  of  the  central  part  of  the  country  is  provided  with  low- 
grade  local  fuel,  which  is,  moreover,  scarce.  The  only  exception 
is  to  be  found  in  the  vast  peat  deposits  of  the  central  part  of  the 
Union. 

(b)  The  extreme  variety  in  kinds  and  grades  of  fuel  which 
industrial  and  transportation  enterprises  are  under  the  necessity 
of  using  (120  denominations). 

(c)  The  low  quality  of  a  considerable  part  of  the  fuel  resources. 

(d)  The  enormous  distances  over  which  fuel  has  to  be  moved, 
mainly  by  means  of  railway  transport. 

(e)  The  high  cost  of  fuel  transport,  as  the  result  of  unfavourable 
mining  conditions  and  inefficient  methods  of  production,  coupled 
with  considerable  waste  of  fuel,  long  distances  for  fuel  trans- 
portation, etc. 

(/)  High   fuel   consumption   in   the   industrial   enterprises. 

The  economic  possibilities  of  better  co-ordination  in  the  field  of 
fuel  utilisation  in  this  country  are  leading  to  a  planned  rational- 
isation of  fuel  economics  on  the  basis  of  State  control. 

We  desire  to  give  below  concrete  instances  illustrating  the  above 
remarks. 

In  the  Donetz  coal  basin  the  reserves  of  coking  coals  constitute 
only  17  per  cent,  of  the  total.  On  this  account,  the  coking  coals 
should  be  used  most  economically,  and  only  by  metallurgical 
works. 

In  the  first  place,  the  Government  began  with  the  electrification 
of  the  Donetz  basin,  undertaking  an  aggregation  of  the  existing 
electrical  stations,  while  all  smaller  boiler  installations  were  dis- 
mantled. Then  the  erection  of  central  regional  generating  plants 
was  started,  first  in  the  anthracite  regions  (Shterovka  and 
Shakhtnaia),  where  power  was  obtained  by  burning  anthracite 
culm,  which  from  an  economic  standpoint  is  not  a  transportable 
fuel.  In  the  western  part  of  the  Donetz  basin  the  electric  station 
of  a  certain  big  chemical  plant  is  now  being  converted  into  the 
regional  generating  plant,  the  steam,  after  having  passed  through 
the  turbine,  is  to  be  utilised  in  the  process. 

In  this  way  all  unmarketable  grades  of  fuel,  such  as  slack,  culm, 
blast  furnace  gas  and  coke  oven  surplus,  which  constitute  more 
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than  80  per  cent,  of  the  fuel  balance^  are  now  consumed  in  the 
electric  stations  of  the  Donetz  basin. 

In  the  Baku  oil  region  in  1913,  the  fuel  consumed  by  the  oil 
industry  for  production  of  heat  and  power  amounted  to  15.5  per 
cent,  of  the  gross  petroleum  output.  In  1926/27  fuel  was  used 
much  more  efficiently,  and  only  5  per  cent,  of  the  gross  output 
was  consumed  for  the  same  purpose.  This  curtailment  of  fuel 
consumption  has  been  attained  by  concentrating  the  production 
of  power,  and  using  two  central  stations  only,  as  well  as  by  almost 
complete  electrification  of  oil  production  and  drilling. 

In  order  to  save  the  most  valuable  kinds  of  fuel  and  to  cut  down 
fuel  transportation  to  a  minimum,  the  utilisation  of  fuel  which  is 
not  economically  transportable  (peat,  brown  coals),  as  well  as  of 
water  power,  has  been  undertaken. 

Large  hydro-electric  plants  are  now  in  use  and  under  construc- 
tion, of  which  the  Dniepr  station  must  be  especially  mentioned. 
A  complete  reconstruction  of  the  heat  and  power  economics  of 
the  Donetz  basin  is  contemplated  for  the  future.  All  the  electric 
stations  of  the  Donetz  basin  are  to  be  linked  up  to  operate  in 
conjunction  with  the  Dniepr  station.  The  wastes  of  the  coal  and 
anthracite,  when  used  for  the  production  of  energy,  together  with 
the  Dniepr  station,  are  to  supply  the  total  amount  of  power  to  be 
consumed  in  the  Ukraine. 

In  respect  of  the  total  amount  of  fuel  used  in  regional  stations, 
the  proportion  of  coal  carried  long  distances  now  averages  only 
30  per  cent.  ;  this  figure  is  to  be  lowered  to  9  per  cent,  by  the  end 
of  1932.  Previously,  the  Moscow  and  Leningrad  electric  stations 
were  largely  fed  on  fuel  oil  and  Donetz  or  English  coal. 

In  1926/27  the  total  capacity  of  the  existing  electric  stations 
reached  2,000,000  kW.  ;  the  produced  energy  amounted  to 
4,000,000,000  kWh. 

The  above  instances  help  us  to  visualise  the  results  gained  through 
rationalisation  of  fuel  economics  on  the  basis  of  a  unified  state 
plan. 

The  further  constructional  activities  will  always  follow  the  same 
line  of  thought — concentration  of  production  of  electric  energy 
on  a  large  scale  ;  regional  electric  stations  ;  the  linking  up  of  the 
latter  by  means  of  high-voltage  transmission  lines,  and  a  maximum 
utilisation  of  local  non-transportable  grades  of  fuel,  as  well  as  of 
surplus  heat  and  power. 

In   connection   with   the    favourable    results    already   achieved 
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Summary  of  the  power  plant  construction  subdivided  according  to  branches  of  industry. 


Total. 

Of  these. 

Of  these. 

Of  these. 

Number 

of 
stations. 

Capacity 
kW. 

Heat-electric  stations. 

Electric  installation  and  air  blowers. 

Are  in 
operation. 

To  be 

completed 

in  1928. 

Are  under 
construction 

not  to  be 

completed  in 

in  1928. 

The  construction 
not  started. 

Are  operating 

together  with 

the  network  of 

the  regional 

station. 

Are  operating 

Hranches 
of  industry. 

Utilisation 

of  waste 

fuel. 

Without 

utilisation 

of  waste  fuel. 

Utilisation 

of  waste 

fuel. 

Without 

utilisation 

of  waste  fuel. 

independently 
of  the 
regional 
station. 

Number 

Capacity 
kW. 

Number 

Capacity 
kW. 

Number 

Capacity 
kW. 

Number 

Capacity 
kW. 

Number 

Capacity 
kW. 

Number 

Capacity 
kW. 

Number 

Capacity 
kW. 

Number 

Capacity 
kW. 

Number 

Capacity 
kW. 

Number 

Capacity 
kW. 

Coal          

15 

73,550 
24,000 

- 

- 

- 

- 

15 

73,550 

- 

- 

4 

14,750 

5 

20,400 

5 

36,400 
18,000 

2 

2.000 

4 

58,000 

11 

15,550 

24,000 

6,000 

24,000 

Petroleum           

2 

13,200 
11,600 

- 

- 

2 

13,200 
11,600 

- 

- 

- 

- 

- 

- 

1 

3,200 
1,600 

I 

10,000 
10,000 

- 

- 

1 

10,000 
10,000 

1 

3,200 
1,600 

Mining 

1 

20,000 
10,000 

- 

- 

- 

- 

-              - 

- 

20,000 
10,000 

- 

- 

- 

- 

1 

20,000 
10,000 

- 

- 

1 

20,000 
10,000 

- 

- 

Metallurgical: 

(a)   Electric  station    ... 

(h)   Air  bliiwers 

24 

8 

12,3450 

6 
7 

49,330 

38,560 
42,000 

18 

1 

74,120 

8,500 
3,000 

6 

36,450 
31,500 

8 
2 

89,530 

15,560 
9,000 

6 
5 

23,970 
33,000 

4 

1 

23,500 

3,000 

5 

24,150 
4,660 

19 
8 

99,300 

47,060 
45,000 

42,400 
45,000 

Metal       

2 

9,000 

- 

- 

2 

9,000 

- 

- 

- 

- 

- 

- 

- 

1 

3,000 

1 

6,000 

- 

- 

2 

9,000 

Forest  and  woodworking 

5 

8,400 
1,0C0 

- 

7,400 
1,000 

- 

- 

1 

1,000 

-        i        - 

1 

750 

4 

7,650 
1,000 

- 

- 

- 

- 

1 

2,150 

4 

6,250 

1,000 

Chemical 

6 

39,550 
16,200 

- 

- 

5 

39,000 
16,200 

- 

- 

550 

- 

- 

2 

2,350 

- 

- 

4 

37,200 
16,200 

4 

37,200 

2 

2,350 

16,200 

Paper  cellulose 

8 

33,875 

7 

30,875 

1 

3,000 

1 

- 

— 

— 

— 

6 

29,875 

1 

3,000 

1 

1,000 

5 

11,075 

3 

22,600 

Food        

9 

20,800 

— 

— 

9 

20,800 

-       1       - 

— 

— 

— 

— 

3 

2,000 

—              — 

6 

18,800 

1 

1,200 

8 

19,600 

Textile 

25 

85,600 
47,000 

- 

- 

26 

85,600 
47,000 

- 

- 

- 

- 

- 

5 

15,600 

i     27,500 
5            

16 

42,500 
47,000 

4 

60,250 
45,500 

12 

25,350 

1,500 

Silicate 

4 

14,050 

1 

800         — 

— 

2 

11,250 

~ 

2,000 

1 

2,000 

2 

11,250 

1                 800 

- 

- 

- 

- 

4 

14,050 

Butter     

I 

2,000 
4,000 

1 

2,000 
4,000 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-              - 

- 

2,000 
4,000 

- 

- 

1 

2,000 
4,000 

Total 

111 

488,475 

13 

41,075 
5,000 

45 

170,600 
74,800 

31 

177,130 
62,550 

22 

99,670 
8,500 

12 

53,950 
31.500 

38 

140,855 

25 

157,670 

36 

136,000 

26 

224,025 

75 

264,450 

160,860 

24,160 

38,000 

67,200 

70,160 

90,700 

Note. — The  fraction  means:  the  numerator — first  stage;  the  denominator — extension. 
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through  planned  development  and  reconstruction,  a  five-year  plan 
of  power  plant  construction,  the  summarised  data  of  w^hich  are 
given  in  Tables  I  and  11,  has  been  worked  out. 

Table  I  contains  the  grand  totals  of  figures  estimated  to 
materialise  by  the  end  of  1932  for  electric  stations  both  already 
existing  and  under  construction — the  stations  being  classified  into 
groups  after  the  kind  of  fuel  consumed. 

TABLE  I 


Fuel  con- 

Total 

sumption  con- 

Kind of  fuel  of 

Number 

capacity  kW. 

Per- 

Total energy 

Per- 

verted into 

energy. 

of 

with  co- 

centage. 

output  kWh. 

centage. 

equivalent 

stations.  efificient=  0-8. 

7,000  cal.  fuel 

tons. 

Peat     

8 

576,000 

31-9 

2,000,000,000 

36-3 

1,466,000 

Low  grade  coal 

and  culm    ... 

8 

535,000 

29-6 

1,455,000,000 

26-4 

1,086,000 

Petroleum 

9 

496,000 

27-5 

1,275,000,000 

23-2 

1,000,000 

Water  power  . . . 

7 

199,000 

11-0 

780,000,000 

141 

— 

TOTAL       ... 

32 

1,806,000    . 

100 

5,510,000,000 

100 

3,552,000 

The  summary  of  the  five-year  plan  of  pov^^er  plant  construction 
is  given  in  Table  II,  subdivided  into  separate  branches  of  industry. 
The  contemplated  stations  are  partly  under  construction,  and  all 
are  to  be  completed  by  the  end  of  1932;  by  "heat-electric  central 
stations"  are  understood  energy-producing  installations  in  w^hich 
the  steam  is  used  first  for  the  production  of  energy,  being  after- 
wards applied  for  technological  process  or  for  heating  purposes. 

Special  attention  should  be  paid  to  the  column  showing  the 
capacities  of  industrial  stations,  which  are  planned  to  be  included 
into  the  network  of  regional  generating  plants.  Their  capacity 
amounts  to  nearly  50  per  cent,  of  that  of  all  industrial  stations. 

Besides  the  above  plan  of  electric  station  construction  there  have 
also  been  worked  out  other  problems  pertaining  to  the  rationalisa- 
tion of  fuel  utilisation,  of  which  the  following  are  the  principal  : — 

(a)  Municipal  heating  systems  in  large  cities — on  the  basis  of 
utilisation  of  waste  heat  from  the  central  electric  stations. 

(b)  Gasification — as  a  means,  first  for  raising  the  efficiency  of 
heat  used  for  household  purposes  ;  second,  for  improving  the  heat 
supply  for  small  industrial  consumers  located  within  the  towns. 

In  connection  with  this,  special  attention  is  first  of  all  to  be  paid 
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to  the  Moscow  coal  basin,  which,  though  it  is  only  250  Km. 
distant  from  Moscow,  contains  rather  low-grade  coal,  containing 
up  to  50  per  cent,  waste.  The  transport  of  such  a  fuel  is  not 
economical  even  over  a  200  to  250  Km.  radius. 

Computation  shows  the  cost  of  transferring  gas  for  a  distance 
of  250  Km.  to  be  half  that  of  the  transportation  cost  for  raw 
coal.  Experiments  with  gasification  of  Moscow  coal  in  Pinch's 
generators  have  shown  good  results. 

(c)  The  formation  of  a  number  of  combined  industrial  enter- 
prises; such,  for  instance,  as  the  "Yougostal"  trust  located  in  the 
Donetz  basin,  the  production  of  which  is  cast-iron  and  steel.  This 
trust,  possessing  a  number  of  coal  mines,  produces  coke  and 
utilises  coke  oven  and  blast  furnace  gas  for  its  metallurgical 
plants  and  also  for  producing  power. 

There  are  many  other  projects  now  being  worked  out,  some  of 
them  being  already  under  construction  ;  but  we  have  confined  our- 
selves to  the  most  important. 

ZUSAMMENFASSUNG 

Um  eine  bessere  Ausnützung  der  Brennstofie  zu  erreichen,  wird  gegenwärtig 
versucht,  ein  ausreichendes,  technisch  gut  geschultes  Personal  zu  bilden. 
Universitäten  und  technische  Hochschulen  widmen  sich  im  Verein  mit  For- 
schungsinstituten, Ingenieurverbänden  und  Repetitionskursen  der  Ausbildung 
der  Heiztechniker. 

Es  wird  ebenfalls  versucht,  eine  engere  Verbindung  zwischen  den  Bildungs- 
anstalten  und  der  Industrie  herzustellen,  doch  sind  diese  Probleme  in  Bezug 
auf  Organisation  und  Umsetzen  in  die  Praxis  noch  lange  nicht  restlos  gelöst. 

Die  gegenwärtige  Ausbildung  der  Heiztechniker  erfolgt  im  allgemeinen  nach 
einem  der  beiden  folgenden  Arbeitspläne: 

(1)  Ein    weites    Programm    allgemeinen    Studiums    mit    nachfolgender 

Spezialisierung  durch  Diplomarbeit; 

(2)  Ein    beschränktes    Programm    allgemeinen    Studiums    mit    speziali- 

siertem Studium  eines  bestimmten  Gebietes. 
Man  hofft,  auf  Grund  der  gewonnenen  Erfahrungen  herauszufinden,  welche 
dieser  beiden  Methoden  bessere  Ergebnisse  liefert;     bis  dahin  wird  beiden 
Kategorien  von  Schulen  erlaubt,  sich  nebeneinander  zu  entwickeln. 

Viele  der  betreffenden  Organisationen  schenken  der  Verbesserung  der 
technischen  Kenntnisse  des  praktisch  tätigen  Technikers  grosse  Aufmerksam- 
keit durch  Veranstaltung  von  Konferenzen,  Veröffentlichung  von  Arbeiten, 
Diskussionen  usw.  und  durch  Abhalten  von  Repetitionskursen. 

Zum  Zweck  der  Ausbildung  der  Heizer,  deren  Mehrzahl  einer  sehr  unwissenden 
Bevölkerungsschicht  angehört,  wurde  eine  staatliche  Organisation  ins  Leben 
gerufen.    Diese  wirkt  in   Gemeinschaft  mit  den  Brennstoffverbrauchem  und 
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verfügt  dber  Instruktorenpersonal,  welches  die  Ausbildung  entweder  in  2 
Monate  währenden  Kursen  oder  durch  den  Besuch  von  Kesselanlagen  besorgt. 
In  besonderen  Fällen  kann  der  Brennstoffverbraucher  die  Ausbildung  seiner 
Heizer  selbst  übernehmen,  doch  müssen  diese  nach  Abschluss  der  Ausbildung 
eine  obligatorische  Prüfung  ablegen,  auf  Grund  welcher  sie  ein  vorläufiges 
Zeugnis  erhalten,  das  nach  6  Monaten  mustergültiger  Arbeit  gegen  ein  end- 
gültiges ausgetauscht  wird. 

Eine  grosse  Anzahl  der  sich  der  rationellen  Ausnützung  der  Brennstoffe 
widmenden  Organisationen  sind  entweder  staatliche  Organisationen,  deren 
Pflicht  es  ist,  alle  Brennstoffangelegenheiten  zu  entwerfen  und  zu  regeln,  oder 
wissenschaftliche,  technische  oder  öffentliche  Organisationen,  die  sich  haupt- 
sächlich der  Ausbildung  annehmen  oder  technischen  Charakter  tragen. 

Die  staatlichen  Organisationen  haben  sehr  sorgfältige  statistische  Ueber- 
blicke  über  Erzeugung  und  Verbrauch  an  Brennstoff  zusammengestellt, 
wodurch  sie  in  die  Lage  versetzt  werden,  rationelle  Verbesserungen  anzuregen, 
Brennstofftransporte  über  weite  Entfernungen  einzuschränken,  die  Erzeugung 
dem  Verbrauch  anzupassen  und  Brennstoffreserven  anzulegen  und  zu  erhalten. 
Die  Tatsache,  dass  die  Mehrzahl  der  produzierenden  und  industriellen  Konzerne 
Staatseigentum  ist,  hat  diese  Kontrolle  natürlich  bedeutend  vereinfacht. 
Zahlenangaben  zeigen  die  seit  1913  in  den  i'-erschiedenen  Zweigen  des  Brenn- 
stoff Verbrauchs  erzielten  Fortschritte. 

Auf  diese  Wiese  ist  es  nunmehr  möglich  geworden,  die  ununterbrochene 
Belieferung  der  Verbraucher  mit  Brennstoff  sicherzustellen,  die  angelegten 
Brennstoffvorräte  zu  erhalten,  die  Kohleneinfuhr  um  viele  Millionen  t  jährlich 
herabzusetzen  und  die  Ausfuhr  von  Kohle  und  Erdöl  zu  steigern. 

Die  wissenschaftlichen,  technischen  und  öffentlichen  Institute  und 
Verbände  übernehmen  Beratungen  in  heiztechnischen  Angelegenheiten,  in 
allgemeinen  Fragen  der  Wirtschaftlichkeit  und  Normalisierung,  sowie  die 
Prüfung  aller  grösseren  Projekte,  welche  die  Anlage  neuer  Kapitalien  und 
deren  Bewilligung  seitens  der  Regierung  bedingen.  Unter  den  mehr  spezialisier- 
ten Stellen  gibt  es  einen  mit  gutem  Personal  versehenen  und  gut  ausgerüsteten 
Heiztechnischen  Dienst,  der  die  gesamte  mit  der  rationellen  Verwertung  der 
Brennstoffe    auf    den    Eisenbahnen    zusammenhängende    Arbeit    überwacht. 

Die  zufolge  solcher  Beratungen  erreichten  Ersparnisse  belaufen  sich  auf 
10  bis  40%  im  einzelnen  Fall,  was  schätzungsweise  eine  Gesamtersparnis 
von  150  000  Tonnen  ausmacht. 

Eindampfen  der  Kohle,  Verbrennungskraftmaschinen,  Petroleum,  Torf  und 
Kohlebehandlung  werden  mit  grosser  Aufmerksamkeit  erforscht. 

Die  Zucker-,  Textil-,  Silikat-  und  Papierindustrie  hat  jede  ihre  eigenen 
heiztechnischen  Stellen,  die  sich  mit  dem  Brennstoffverbrauch  auf  dem 
betreffenden  Gebiet  befassen. 

Ausser  diesen  vorerwähnten  Organisationen  gibt  es  noch  verschiedene 
öffentliche  Ingenieurverbände,  deren  Aufgabe  es  ist,  regelmässige 
Versammlungen  zu  veranstalten  und  Arbeiten  und  Diskussionen  zu 
veröffentlichen. 

Das  ungeheure  Territorium,  die  verhältnismässig  geringe  Qualität  der 
Brennstoffe  in  einem  grossen  Teile  desselben,   die  hohen  Brennstoffkosten 
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sowohl  an  der  Grube  wie  am  Lieferort,  die  unwirksame  Verbrauchsweise  der 
Kohle  in  der  Industrie  im  allgemeinen,  dies  alles  lässt  klar  erkennen,  dass 
da  in  der  besseren  Beiordnung  noch  grosse  wirtschaftliche  Möglichkeiten  liegen. 
So  z.B.  ist  es  möglich,  die  wertvollen  Kokereikohlen  für  metallurgische  Zwecke 
zu  reservieren,  die  überschüssige  Wärme  in  der  Industrie  möglichst  weitgehend 
auszunützen,  die  minderwertigen  Brennstoffe  in  Grosskraftwerken  zu 
verwenden  und  den  so  erhaltenen  elektrischen  Strom  durch  Hochspannungs- 
leitungen zu  verteilen.  Es  tritt  der  Wert  der  Wasserkraftanlagen  unter 
geeigneten  Verhältnissen  klar  zu  Tage,  wenn  die  Entfernungen,  in  welchen  die 
Brennstoffe  oder  der  elektrische  Strom  erzeugt  werden,  mit  in  Betracht  gezo- 
gen werden.  Dementsprechend  entwickelt  sich  die  Elektrifizierung  des 
Landes  so  rasch  wie  möglich  dank  der  Errichtung  grosser  regionaler  Kraft- 
werke, die  mit  den  lokalen  Industrien  verbunden  werden,  unter  tunlichster 
Ausnutzung  der  Wasserkräfte. 

Die  Verwirklichung  dieser  Projekte  hat  die  Form  eines  fünfjährigen  Bau- 
Programmes  angenommen,  welches  so  gestaltet  ist,  dass  es  sich  dem 
allgemeinen  Wirtschafts-Programm  der  Regierung  einfügt. 
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GENERAL  REPORT  ON  SECTIONS  T  &  V 

TRAINING   OF    FUEL   TECHNICIANS 

AND 

ORGANISATIONS   CONCERNED   WITH   THE 
EFFICIENT   USE   OF   FUEL  IN   INDUSTRY 

E.     C.     EVANS 

This  General  Report  covers  the  following  papers: — 

"The  Training  of  Fuel  Engineers  in  Austria"  (Austria). 
By  Prof.  W.  J.  Müller.     (Tl.) 

"The  Training  of  Fuel  Technologists"  (Great  Britain). 
By  Prof.  J.  W.  Cobb,  C.B.E.     (T3.) 

"Organisations  for  the  Promotion  of  Fuel  and  Heat  Economy  in 
German  Industry"  (Germany). 

By  Dipl.-Ing.  F.  zur  Nedden.     (V2.) 

"Organisations  Concerned  with  the  Efficient  Use  of  Fuel  in  In- 
dustry" (Great  Britain). 

By  Edgar  C.  Evans.     (V3.) 

"General  Problems  of  Fuel  Utilisation"  (Russia). 

By  M.  I.  Lapirofï-Scoblo.     (V4.) 

The  papers  dealing  with  the  training  of  fuel  technologists  indicate, 
as  Prof.  Cobb  states,  that  there  is  "no  consensus  of  opinion  as  to  the 
most  useful  type  of  training  required." 

The  three  methods  of  approach  to  the  profession  at  present  avail- 
able are  through  chemistry,  mechanical  engineering  and  works 
experience,  but  the  field  is  so  wide  that  there  is  room  within  it  for 
specialists  with  widely  differing  training. 

Prof.  Cobb's  paper  outlines  the  training  at  the  University  of  Leeds. 
Engineering,  mathematics,  chemistry  and  physics  are  taken  during 
the  first  year,  engineering  and  fuel  during  the  second  year  and  fuel 
only  during  the  third  year  of  the  course.  Works  experience  is 
gained  during  the  long  vacations,  generally  at  an  engineering  works 
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in  the  first  year,  but  afterwards  at  a  gasworks,  coke  oven  plant  or 
similar  establishment.     Results  are  stated  to  be  encouraging. 

The  paper  by  M.  Lapiroff-Scoblo  emphasises  the  importance  of 
industrial  contacts  during  training.  Ten  months  out  of  a  total  of 
five  years  training  is  spent  at  works. 

Prof.  Müller,  discussing  the  methods  adopted  at  the  Technical 
University,  Vienna,  and  the  University  of  Karlsruhe,  states  that 
up  to  the  present  neither  of  these  have  been  thoroughly  successful. 
Experience  has  shown  that  a  successful  training  can  only  be  ensured 
by  linking  up  with  either  the  chemical  or  engineering  departments. 
The  result  of  this  experience  still  leaves  open  the  question  as  to 
whether  a  fuel  technologist  should  be  trained  as  a  chemist  with  a 
knowledge  of  engineering,  or  as  an  engineer  with  a  knowledge  of 
chemistry,  or  again,  as  a  third  alternative,  as  a  chemical  engineer. 

Possible  views  on  the  subject  can  be  crystallised  by  a  study  of  the 
work  done  by  the  various  organisations  discussed  in  Section  V, 
with  a  view  to  ascertaining  the  character  of  the  personnel  best 
suited  for  the  particular  duties  involved. 

Organisations  Concerned  zi'ith  the  Efficient  Use  of  Fuel  in  Industry 
The  character  and  extent  of  the  world  organisations  described  in 
the  two  papers  submitted,  differ  considerably,  but  they  can  be 
grouped  into  the  following  classes: — 

{a)  Organisations  concerned  with  safety  in  steam  production. 

[h)  Organisations  engaged  in  research. 

(c)  Organisations,  advisory  in  character  formed  primarily  to  pro- 
mote the  use  of  specific  fuels,  e.g.,  coal,  anthracite  or  bitu- 
minous, coke,  gas,  liquid  fuels,  benzole  and  so  on. 

{d)  Organisations  formed  to  promote  scientific  utiUsation  of  fuel 
in  specific  industries. 

{e)  Organisations  for  training  personnel  employed  in  fuel-using 
plants. 

{a)  Steam  Users  Associations 
These  were  formed  in  most  industrial  countries  at  a  comparatively 
early  date,  primarily  to  promote  safety  in  steam  production,  but 
their  activities  have  been  extended  to  the  promotion  of  economic 
steam  raising  and  in  some  countries  to  the  insurance  of  boilers. 
In  other  countries  this  is  performed  by  separate  Insurance  Com- 
panies. 
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Whilst  some  research  is  done  by  these  organisations,  the  character 
of  the  work  of  general  boiler  inspection  done  by  them  necessitates 
a  staff  comprising  engineers  with  a  wide  practical  experience  of 
steam  production.  The  character  of  the  training  desirable  for 
such  work  would  be  probably  primarily  an  engineering  one  with  a 
knowledge  of  the  chemical  principles  involved  in  combustion  of  fuels. 

{h)  Research  Associations 
These  associations  are  most  numerous  in  countries  which  are  large 
fuel  producers.  They  have  been  founded  generally  with  the  object 
of  improving  the  availability  of  the  fuel  or  with  a  view  to  trans- 
forming the  primary  raw  material  into  products  of  greater  value  or 
utility  to  industry  generally. 

The  character  of  the  work  done  necessitates  widely  differing  types 
of  investigators  but,  generally  speaking,  for  research  on  fuel,  chemical 
training  is  desirable,  rather  than  engineering  training,  although  the 
application  of  research  to  industrial  operation  necessarily  brings  in 
the  engineer. 

{c)  Organisatio.ns  Formed  to  Educate  Consumers  in  Methods  of 
Using  Specific  Fuels 

Producers  of  coal,  coke,  briquettes,  brown  coals,  lignite, 
benzole,  and  so  on  have  established  a  number  of  organisations  to 
assist  consumers,  and  to  educate  them  in  the  best  methods  of  using 
these  various  fuels.  These  are  staffed  by  men  having  a  detailed 
practical  knowledge  of  the  fuels  involved  and  of  the  apparatus 
available  for  using  it. 

The  method  of  training  desirable  for  such  men,  whether  chemical 
or  engineering,  will  to  a  great  extent  be  determined  by  the  character 
of  the  fuels  involved.  Possibly  in  the  case  of  gas  and  liquid  fuel 
industries,  a  bias  on  the  chemical  side  might  be  of  greater  advantage 
than  one  of  an  engineering  character,  whilst  in  the  solid  fuel  indus- 
tries, an  engineering  training  may  be  more  desirable.  Considerable 
practical  experience,  however,  is  necessary. 

id)  Organisations  Dealing  with  Efficient  Use  of  Fuel  in  Specific 
Industries.     Fuel  Economy  Bureaux 

Such  organisations  were  established  in  a  number  of  countries 
during  the  dear  fuel  period  immediately  following  the  war.  Their 
growth  was  most  marked  in  Germany  and  Dipl.-Ing.  zur  Nedden, 
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in  his  paper,  describes  the  comprehensive  scheme  that  has  been 
adopted  by  industries  in  Germany  for  organised  fuel  control. 

The  German  organisations  are  financed  without  State  aid,  generally 
by  a  levy  based  on  the  coal  consumption,  and  are  linked  up  with 
works  organisations,  on  the  one  hand,  and  the  central  fuel  economy 
bureaus  in  Berlin,  on  the  other.  The  function  of  these  organisations 
is  primarily  not  research,  but  the  direct  application  of  modem 
methods  for  fuel  control  in  industry. 

The  particulars  available  indicate  that  such  control  implies: — 

(1)  Direct  measurement  of  heat  and  energy  to  fuel  consuming 

plants. 

(2)  Control  of  combustion  in  such  plants. 

(3)  Application  of  the  results  of  measurement  and  control  to  the 

furtherance  of  fuel  efficiency  in  works  operation. 

The  character  of  the  personnel  employed  in  these  organisations 
varies  widely.  Some  of  the  most  successful  are  directed  by  men 
with  wide  experience  in  industries  involved,  with  a  specialist  staff 
of  experts  in  the  various  branches,  engineers,  chemists,  refractory 
experts  and  so  on. 

Taking  a  broad  view  of  the  character  of  these  organisations,  pro- 
bably the  most  important  of  the  functions  of  the  staff  engaged  upon 
the  work  is  the  measurement  of  heat  and  energy  supplies  to  plants 
and  processes  concerned.  For  such  work  an  engineering  rather 
than  a  chemical  training  would  probably  be  desirable,  but  a  sound 
knowledge  of  the  principles  of  chemistry  would  be  involved  in  the 
application  of  methods  of  combustion  control  to  improving  results 
as  indicated  by  measurement.  The  third  stage,  the  modification 
of  existing  plant  or  processes  or  the  installation  of  new  plant,  would 
require  the  services  of  an  engineer  of  wide  experience  in  the  parti- 
cular industry  involved.  Further,  fuel  efficiency  in  an  industrial 
process  is  to  a  great  extent  a  function  of  output  and  depends  largely 
upon  continuity  of  the  operations  involved,  and  the  maintenance  of 
such  continuity  necessitates  primarily  an  engineer  rather  than  a 
chemist,  although  certain  industrial  processes  such  as,  for  example, 
the  production  of  steel  in  the  open  hearth  furnace,  may  depend  on 
chemical  principles  which  have  a  profound  influence  on  the  output 
of  the  plant  involved. 

Broadly  speaking,  these  organisations  require  personnel  trained 
chiefly  on  the  engineering  side,  but  with  a  sound  knowledge  of 
chemistry  and  of  fuel. 
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(e)  Training  Institutions 

A  number  of  the  organisations  referred  to  undertake  the  work  of 
training  stokers,  firemen  and  fuel  engineers. 

In  the  case  of  stokers,  or  workmen  employed  in  fuel  producing  and 
consuming  industries,  the  problem  of  training  is  a  comparatively 
simple  one  and  consists  generally  of  giving  them  an  elementary 
education  in  the  principles  of  the  sciences  involved. 

Training  of  higher  technicians  is  approached  in  Great  Britain 
chiefly  from  the  chemical  side,  whilst  some  of  the  Continental 
organisations  start  on  the  engineering  side;  but  as  already  stated, 
neither  method  can  cover  the  whole  field  of  fuel  technology,  and 
whether  a  chemical  or  engineering  bias  be  given  to  the  preliminary 
training,  final  success  in  industrial  practice  will  depend  to  a  very 
large  extent  on  the  personality  and  experience  of  the  men  employed. 

The  method  of  finance  of  the  organisations  described  in  Section  V. 
varies,  some  being  financed  and  controlled  by  the  State,  others  by 
industry,  and  others  partly  by  the  State  and  partly  by  industry. 

In  some  cases,  as,  for  example,  research  organisations  in  Great 
Britain,  State  aid  has  resulted  in  a  rapid  acceleration  of  the  move- 
ment, but  in  other  countries,  particularly  in  Germany,  progress  has 
been  extremely  rapid  without  State  aid  of  any  kind. 

Although  the  period  of  high  fuel  prices  has  passed  for  the  time 
being,  the  activities  of  organisations  developed  primarily  for  the 
purpose  of  promoting  fuel  efficiency  are  extending  rather  than 
diminishing,  due  to  the  fact  that  experience  has  shown  that  increased 
efficiency  of  fuel  utilisation  is  generally  accompanied  by  increased 
industrial  efficiency  and  consequent  further  reduction  in  working 
costs. 
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WEDNESDAY,  OCTOBER  3  (aFTERNOON) 

Section  T 
TRAINING  OF  FUEL  TECHNICIANS 

AND 

Section  V 

ORGANISATIONS  CONCERNED  WITH  THE  EFFICIENT 
USE  OF  FUEL  IN  INDUSTRY 

Chairman — Sir  Robert  Hadfield,  Bt.,  F.R.S. 

The  following  Introductory  Remarks  by  the  Chairman  were 
circulated  before  the  meeting  : — 

SCHEDULE  OF  SECTIONS 

(a)  WELCOME  TO  DELEGATES  AND  AUTHORS. 

{b)  SPECIALISTS  IN  THIS  COUNTRY. 

(c)  PREVIOUS  ADDRESSES  AND  PAPERS  BY  THE  SPEAKER. 

{d)  NECESSITY  OF  RESEARCH. 

(e)  AN  ASPECT  OF  EXHAUSTIVE  TRAINING. 

(/)  ESSENTIAL  TRAINING  OF  FUEL  TECHNICIANS. 

{g)  TRAINING  OF  FUEL  TECHNICIANS UNIVERSITY  DEPARTMENTS. 

(/î)  ORGANISATIONS  CONCERNED  WITH  EFFICIENT  USE  OF  FUEL  IN 

INDUSTRY. 

(i)  PAPERS  SUBMITTED  TO  SECTIONS  "t"  AND  "\ ." 

(;')  CONCLUSION. 

(a)  Welcome  to  Delegates  and  Authors 

As  Chairman  of  the  Sections  "T"  and  "V"  dealing  with  "The 
Training  of  Fuel  Technicians"  and  "Organisations  Concerned 
with  the  Et^cient  LTse  of  Fuel  in  Industry,"  I  have  much  pleasure 
in  cordially  welcoming  our  visitors  fom  abroad,  also  the  authors 
of  the  important  papers  now  presented  to  our  Sections  for  comment 
and  discussion.  These  papers  must  certainly  prove  of  great  inter- 
national benefit  to  all  those  concerned  in  these  subjects. 

May  I  not  add,  too,  that  in  these  modern  times  in  which  there  is 
such  a  rapid  exchange  of  international  thought  and  action,  it  is  the 
engineer  of  all  classes  who  is  the  greatest  peacemaker,  and  who 
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helps  to  bind  together  the  nationahties  of  the  world  by  his  number- 
less work  of  utiHty. 

The  object  and  scope  of  the  engineer  are  well  expressed  in  the 
following  words  taken  from  the  Royal  Charter  obtained  in  1828  by 
the  Institution  of  Civil  Engineers,  probably  the  first  body  of  its 
kind  :  "For  the  General  Advancement  of  Mechanical  Science,  and 
more  particularly  for  promoting  the  acquisition  of  that  species  of 
knowledge  which  constitutes  the  profession  of  an  Engineer  ;  being 
the  art  of  directing  the  great  sources  of  power  in  Nature  for  the 
use  and  convenience  of  man."  Surely  these  words  employed 
exactly  one  hundred  years  ago,  all  make  for  peace,  now  so  much  in 
the  minds  of  mankind. 

At  the  Centenary  Meeting  of  that  body  in  June  this  year,  this  was 
again  ably  expressed  by  the  present  President,  Mr.  E.  F.  C. 
Trench,  C.B.E.,  who  said  : — "The  field  of  engineering  knowledge 
is  widening  every  day,  and  more  is  to  be  learnt  in  every  branch  of 
the  profession  ;  .  .  Great  progress  is  being  made  in  many  branches 
of  scientific  and  industrial  research,  by  chemists,  metallurgists  and 
physicists  ;  and  the  heads  of  many  industrial  concerns  are  realising 
that  it  is  only  by  keeping  abreast  of  the  latest  discoveries  of  science, 
and  spending  money  on  research,  that  they  can  successfully  com- 
pete. The  same  is  true  of  engineering  work.  ...  I  submit  that  in 
no  better  way  can  our  interests  be  enlarged  and  our  horizon 
widened  than  by  attending  and  taking  part  in  this  Centenary 
Meeting,  which  enables  engineers  of  widely  different  knowledge 
and  experience  to  come  together  fo  rthe  free  and  informal  dis- 
cussion of  matters  of  mutual  interest,  and  gives  opportunities  for 
friendly  social  intercourse  and  meetings  between  colleagues  whose 
w^alks  in  life  often  lie  very  far  apart." 

These  are  wise  words,  and  equally  apply  to  the  work  of  the 
present  important  Fuel  Conference  now  meeting  in  this  great  City 
of  London. 

The  two  Sections  "T"  and  "V"  over  which  I  am  presiding  may 
indeed  be  said  to  be  not  the  least  important  ones  of  this  Congress. 
They  deal  with  the  foundation  and  origin  of  all  improvements  in 
this  department  of  human  knowledge,  that  is,  with  regard  to  the 
training  of  the  fuel  technicians  themselves,  also  the  organisations 
whose  object  is  the  study  of  the  efficient  economical  and  scientific 
use  of  fuel  in  industry. 

{b)  Specialists  in  this  Country 

To  our  visitors  from  abroad  it  may  be  of  some  interest  to  know 
the  names  of  those  who  in  this  country  have  helped  on  the  good 
work  of  progress  with  regard  to  fuel  technics.  For  example, 
amongst  others  we  have  Professor  W.  A.  Bone,  F.R.S.,  Chief 
Professor  of  Chemical  Technology  at  the  Imperial  College  of 
Science  and  Technology,  South  Kensington;  Professor  J.  W. 
Hinchley;  Professor  F.  W.  Burstall,  of  Birmingham  University; 
Professor  J.  W.  Cobb,  of  Leeds  University;  Dr.  C.  H.  Lander, 
Director  of  Fuel  Research  of  the  Department  of  Scientific  and 
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Industrial  Research  at  Greenwich;  Dr.  F.  S.  Sinnatt;  Sir  Dugald 
Clerk,  K.B.E.,  F.R.S.;  Sir  PhiUp  Dawson;  Sir  Arthur  Duckham, 
K.C.B.;  Sir  Richard  Redmayne;  Sir  Thomas  Holland;  Sir  John 
Cadman;  Sir  Richard  Threlfall;  Sir  Frederic  Nathan;  Professor 
H.  B.  Dixon,  F.R.S.;  Professor  Arthur  Smithells,  F.R.S.  ;  Pro- 
fessor R.  V.  Wheeler;  Dr.  A.  E.  Dunstan;  Mr.  E.  V.  Evans; 
Mr.  G.  W.  Andrew;  Mr.  H.  M.  Thornton;  Mr.  H.  James  Yates; 
Dr.  E.  W.  Smith  ;  Mr.  E.  C.  Evans  ;  and  Mr.  R.  J.  Sarjant.  These, 
and  many  more,  devote  themselves  most  assiduously  to  the 
important  question  of  the  study  of  fuel  in  its  many  branches. 

1  may  specially  emphasise  the  valuable  scientific  and  technical 
research  work  carried  out  by  Professor  W.  A.  Bone,  whose  work 
at  South  Kensington  is  so  well  recognised.  He  has  thrown  his 
whole  energies  into  the  study  of  the  important  subjects  of  fuel 
research,  application  and  economy,  as  exhibited  by  his  numerous 
papers  and  research  work  carried  out  at  the  laboratories  of  the 
Imperial  College  of  Science  and  Technology.  He  has  made  a 
household  name  for  himself  internationally,  and  we  all  wish  success 
to  his  continued  efforts  in  dealing  with  these  subjects. 

(c)  Previous  Addresses  and  Papers  by  the  Speaker 

When  speaking  of  educational  training  and  application,  it  may 
not  be  out  of  place  to  refer  to  an  address  which  I  prepared  towards 
the  end  of  the  War  and  read  when  President  before  that  exceed- 
ingly useful  body,  the  Society  of  British  Gas  Industries,  in  1918. 
I  then  drew  attention  to  the  importance  of  this  subject,  giving 
comparative  results  and  researches  in  regard  to  fuel  economy, 
heating  and  melting  steel  and  iron  in  furnaces  worked  by  means 
of  producer  gas,  also  by  electricity.  Amongst  the  subjects  dealt 
with  in  these  sections  were  : — Section  I,  Fuel  ;  II,  Gas  ;  III,  Fuel 
and  Electrical  Power  Consumption  in  relation  to  Steel  Output  ; 
IV,  Fuel  Questions  in  special  relation  to  Metallurgy. 

I  am  glad  to  say  that  this  contribution  on  the  subject  was  so  much 
appreciated  that,  by  special  desire,  some  two  thousand  copies  were 
circulated  and  are  even  at  this  later  date  found  to  be  of  practical 
value  and  service.  The  address  contained  not  only  my  own  but  the 
views  of  many  others,  and  was  accompanied  by  a  number  of 
diagrams. 

The  following  are  the  technical  communications  of  my  own  and 
joint  papers  with  others  on  this  subject  of  Fuel  :■ — "Report  on  Fuel 
Economy  and  Consumption  in  the  IVlanufacture  of  Iron  and  Steel," 
also  "Fuel  Control  in  Metallurgical  Furnaces,"  to  the  Iron  and 
Steel  Institute  in  1919;  "Works  Problems  and  Methods  in  Fuel 
Economy,"  to  the  Empire  Mining  and  Metallurgical  Congress, 
"Fuel  Economy  and  the  Measurement  of  High  Temperatures," 
before  the  World  Power  Conference,  both  held  at  Wembley  in 

1924;  also  the  joint  paper  by  myself  and  Mr.  R.  J.  Sarjant,  on 
"Industrial  Heating  by  Solid,  Liquid  and  Gaseous  Fuels,"  read  in 
Section  K  of  the  present  Conference. 

Advances    in   Fuel   Technology,    including   the    study    of    high 
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temperatures,  also  necessarily  bring  up  the  important  question 
regarding  the  use  and  improvement  of  refractories  and  metals, 
including  iron  and  steel  allocs  of  various  types.  As  a  metallurgist, 
I  can,  for  example,  bear  witness  to  the  efforts  of  those  in  this 
branch  of  science  having  proved  successful,  during  the  last  five  or 
six  years,  in  obtaining  and  increasing  the  desired  qualities  of  heat- 
resisting  steels. 

This  exceedingly  important  subject  has  been  fully  considered  in 
many  papers,  including  the  joint  communication  by  myself  and 
Mr.  R.  J.  Sarjant,  entitled  "Heat  Resisting  Steels."  which  recently 
appeared  in  the  "Fuel  Economy  Review,"  published  by  the  Federa- 
tion of  British  Industries. 

In  this  paper.  Part  I  dealt  with  Resistance  to  Scaling;  Strength 
at  High  Temperatures  ;  Machinability  ;  Welding  ;  Heat  and  Scale 
Resisting  Cast  Irons  ;  and  Rustless  Steels  of  the  Chromium  and 
Silicon-Chromium  Types.  Part  II,  Special  Heat  Resisting  Alloy 
Steels  ;  Non-Scaling  Properties  ;  Mechanical  Properties  ;  Expan- 
sion ;  Electrical  Constants  ;  Furnace  Applications  ;  Recuperation 
in  Furnace  Practice  ;  Need  for  Accessibility  for  Cleaning  ;  Metallic 
Recuperator  applied  to  Coal-fired  Furnaces  ;  Application  to  the 
Prime  Mover;  and  Conclusion. 

In  my  recent  book  on  "Metallurgy  and  Its  Influence  on  Modern 
Progress,  with  a  Survey  of  Education  and  Research,"  Part  III  is 
entirely  devoted  to  the  study  of  Fuel  Economy,  including,  amongst 
other  sections,  those  relating  to  Characteristics  and  Selection  of 
Fuels  ;  The  Action  of  Flame  in  Furnaces  ;  Determination  of  Com- 
bustion Efficiency  ;  Conduction  and  Radiation  Losses  ;  Refractory 
Materials  for  Furnaces  ;  Pyrometry  ;  General  Fuel  Economy  ; 
Organisation  in  Modern  Iron  and  Steel  Works  ;  the  Practical  Ideal 
of  Fuel  Economy  in  Steel  Manufacture,  with  its  possible  improve- 
ments ;  Recuperation  and  Regeneration  ;  National  Promotion  of 
Fuel  Economy.  In  this  book  are  given  my  views  on  many  aspects 
of  metallurgical  practice,  in  which  fuel  plays  so  great  a  part, 
covering  an  experience  extending  over  many  years. 

In  connection  with  this  subject  generally,  I  would  like  to  say  that 
we  are  much  indebted  to  Mr.  W.  Prescott,  a  member  of  the  staff 
of  the  Federation  of  British  Industries,  and  Secretary  of  their 
Technical  Sub-Committee  dealing  with  Fuel  Economy,  and  who  has 
so  materially  helped  on  the  preparation  and  dissemination  of 
knowledge  regarding  fuel  problems. 

(d)  Necessity  for  Research 

In  reference  to  our  acquiring  increased  knowledge  by  scientific 
and  technical  research,  it  seems  to  me  that  it  is  most  important  for 
the  fuel  engineer  to  realise  that  unless  more  activities  prevail  in 
fuel  circles,  namely,  in  regard  to  what  may  be  termed  the  applied 
side  of  the  subject,  in  other  words.  Heat  Technics,  it  is  quite 
probable  the  electrical  engineer  will  steal  a  march  on  the  fuel 
engineer.  This,  too,  notwithstanding  the  fact  that  the  fuel  engineer 
has  first  to  assist  the  electrical  engineer  to  get  his  power  from  fuel. 
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There  are  many  cases  in  which  it  should  not  be  necessary  to  go  to 
the  electrical  engineer  to  get  heat  energy  with  which  to  carry  out 
manufacturing  operations.  Surely  with  a  proper  study  of  the 
subject  of  fuel,  its  direct  handling,  application,  and  economy  of 
use,  much  of  this  important  field  can  be  retained  for  the  production 
of  heat  by  direct  combustion  of  fuel,  and  the  advantages  resulting 
from  such  direct  combustion  fully  obtained.  The  field  for  electrical 
heating  is,  of  course,  immense,  but  there  is  still  ample  room  for 
ordinary  fuel  application  if  properly  studied  and  directed  in  a 
scientific  manner. 

(e)  An  Aspect  of  Exhaustive  Training 

As  regards  the  necessity  for  more  exhaustive  training  of  the 
fuel  engineer  of  the  future,  and  for  more  attention  being  devoted 
in  fuel  utilisation  to  heat  technolog}-,  I  should  like  to  quote  here  a 
suggestion  made  by  Mr.  Sarjant,  to  whom  I  have  already  referred, 
and  who  received  his  early  training  under  Professor  W.  A.  Bone. 
For  ten  years  he  has  also  been  the  head  of  the  Fuel  Economy 
Department  at  mv  Company's  works,  Messrs.  Hadfields  Ltd., 
Sheffield. 

Based  on  his  long  and  considerable  experience  in  connection  with 
works  practice,  Mr.  Sarjant  points  out  that  in  fuel  utilisation  the 
major  problems  fall  into  the  category  of  heat  technology.  The 
fuel  courses  in  general  are  designed  to  train  the  fuel  technician 
whose  activities  are  to  be  confined  to  the  production  and  combustion 
of  fuel.  The  heat  engineering  courses  generally  fall  into  the  cate- 
gory of  the  more  strictly  engineering  side,  and  are  separated 
from  the  immediate  interests  of  the  Fuel  Departments  proper. 

There  is  a  course  open  to  bridge  this  gulf,  namely,  by  encouraging 
the  establishment  of  heat  technology  laboratories,  in  which  the 
problems  of  the  flow  of  heat  are  more  particularly  studied  as 
distinct  from  the  fuel  itself.  In  the  tracking  down  of  the  heat  units 
the  study  resolves  itself  into  that  of  directing  the  flow  of  heat  to 
the  place  at  which  it  is  wanted,  rather  than  the  study  of  the  genera- 
tion of  that  heat,  which  is  already  adequately  done  in  a  number  of 
Fuel  Departments. 

It  is  most  desirable  that  the  various  Universities  and  Applied 
Science  Departments  in  the  difl^erent  manufacturing  centres,  for 
example,  Sheffield,  Leeds,  Birmingham,  Glasgow,  and  elsewhere, 
should  be  made  of  real  live  use  to  their  local  industries,  and  that 
there  should  be  installed  a  new  department  which  might  well  be 
termed  the  "Heat  Technology  Laboratory,"  working  in  association 
with  the  Fuel  Department.  Many  Universities  would  no  doubt  in 
reply  say  this  is  a  useful  suggestion,  and  just  what  is  wanted,  but 
that  they  have  not  the  means  of  carrying  this  into  eft'ect. 

If  ever,  therefore,  there  was  a  case  in  which  "grants  in  aid"  might 
be  usefully  applied  it  is  the  one  I  now  suggest,  that  is,  the  Govern- 
ment should  assist  in  the  formation  of  such  much  wanted  sources 
of  education,  using  the  term  in  its  widest  sense.  The  administra- 
tion should,  however,  be  vested  in  the  different  and  local  centres 
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entirely   free   from  bureaucratic  influence  and  control  at  head- 
quarters.   Personally,  I  would  prefer  this  advance  should  be  made 
by  the  individual,  a  point  which  I  deal  with  later  on  in  this  address. 
(/)  Essential  Training  of  Fuel  Technicians 

It  may  be  briefly  said  with  regard  to  the  essential  character  of  the 
training  of  a  fuel  technician,  that  this  should  comprise  a  sound 
fundamental  grounding  in  Mathematics,  Physics,  and  Chemistry. 
As  regards  the  importance  of  a  knowledge  of  the  elements  of 
Mechanical  and  Electrical  Engineering  in  the  later  vocational 
studies,  it  is  also  essential  that  the  following  subjects  should 
receive  due  attention  :  Mechanics,  Machine  Drawing,  Heat 
Engines,  Study  of  Pyrometers  ;  Elements  of  Applied  Electricity 
and  the  General  Properties  of  Structural  Materials.  Refractory^ 
Materials,  Economic  Geology  and  Mineralogy  are  also  essential 
subjects. 

Since  the  practical  application  of  fuel  technology  largely  involve 
measurement  of  temperature,  the  flow  of  gases  and  liquids,  and  the 
analysis  of  materials,  it  is  necessary  that  the  fuel  technician  be  an 
expert  experimentalist.  Moreover,  scientific  equipment  and  skill 
in  practical  manipulation  do  not  in  themselves  suffice.  Perhaps 
it  is  an  outlook  that  is  difficult  to  inculcate,  depending  on  the 
characters  of  personal  adaptability,  also  an  appreciation  of  the 
psychological  aspects  of  industrial  practice  that  must  be  inevitably 
encountered  in  the  practical  sphere.  '  This  is  an  important  and 
valuable  adjunct  to  the  individual,  as  it  is  highly  necessary  to 
possess  the  knowledge  of  how  to  handle  the  workmen  who  carry 
out  the  necessary  operations. 

(g)  Training  of  Fuel  Technicians—University  Departments 

With  regard  to  the  existing  organisations  in  this  country  of 
University  standard  for  training  fuel  technicians,  the  following 
may  be  of  interest  to  those  attending  the  Conference. 

First  let  us  take  what  is  probably  the  most  important  centre  of 
training  in  this  country.  I  have  already  referred  to  the  Department 
of  Fuel  Technology  at  the  Imperial  College  of  Science  and  Tech- 
nology, which  is  incorporated  in  the  Department  of  Chemical 
Technology,  under  the  able  direction  of  Professor  W.  A.  Bone. 
The  training  is  entirely  post  graduate  in  scope,  a  full  preliminar}' 
scientific  training  and  adequate  knowledge  of  the  essential  prin- 
ciples of  engineering  science  being  required  of  all  entrants. 

The  courses  comprise  specialist  studies  in  fuel  technology  and 
the  study  of  the  elements  of  chemical  engineering  and  refractories. 
The  Chemical  Engineering  Department  under  Professor  J.  W. 
Hinchley  has  now  been  considerably  enlarged,  and  the  important 
combination  of  chemical  and  engineering  studies,  which  is  essential 
in  the  vocational  equipment  of  a  fuel  technician,  receives  due 
attention. 

Professor  Bone's  scientific  eminence  is  thus  worthily  associated 
with  an  organisation  capable,  both  as  regards  equipment  and  staff, 
of  affording  the  highest  standard  of  scientific  training.   Moreover, 
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it  inspires  the  research  outlook,  which  is  such  an  important  feature 
of  the  education  so  obtainable,  also  so  desirable  an  attribute  of  the 
technician. 

With  regard  to  the  University  of  Leeds,  the  Livesey  Chair  was 
endowed  for  the  special  benefit  of  the  gas  industry,  and  the  Fuel 
Department  of  the  University  has  played  an  important  part  in  the 
training  of  fuel  technicians  for  the  carbonisation  industries. 
Professor  J.  W.  Cobb  is  presenting  a  paper,  and  he  will  doubtless 
be  his  own  spokesman  in  regard  to  the  characters  of  that  training. 

The  Fuel  Department  of  the  University  of  Sheffield,  now  under 
the  able  direction  of  Profesor  R.  V.  Wheeler,  is  the  youngest 
member  of  the  specialist  organisations  of  the  British  Universities 
devoted  to  vocational  training  of  this  class.  The  close  contact  of 
its  work  with  that  of  the  Safety  in  Mines  Research  Association 
gives  it  a  special  relationship  to  the  mining  and  carbonisation 
industries.  The  work  of  the  Department  is  also  fundamental  to 
the  wider  problems  of  fuel  technology. 

As  regards  the  Victoria  University,  Manchester,  the  school  of 
gas  chemistr}'  at  Owen's  College,  made  famous  under  Professor 
Dixon,  was  a  training  ground  of  a  number  of  celebrated  fuel 
technicians.  The  Manchester  College  of  Technology  has  done 
valuable  work  in  vocational  training  for  the  sphere  of  industrial 
fuel. 

My  brief  remarks  with  regard  to  fuel  technolog}'  and  training 
would  not  be  complete  if  I  did  not  make  mention  of  an  exceedingly 
important  contribution  to  this  subject  by  that  most  able  scientist, 
the  late  Sir  George  Beilby,  F.R.S.,  the  former  Director  of  Fuel 
Research,  who  did  so  much  in  his  day  to  help  on  science  and 
scientific  progress.  I  refer  to  his  "James  Forrest"  lecture,  "Fuel 
Problems  of  the  Future,"  delivered  at  the  Institution  of  Civil 
Engineers  in  1921.  This  lecture  was  of  the  highest  importance, 
and  will  even  to-day  well  repay  careful  perusal  by  those  interested 
in  this  subject. 

May  I  draw  attention  of  those  attending  the  present  Conference 
to  the  invaluable  book  entitled  "Technical  Data  on  Fuel,"  edited 
by  Mr.  H.  M.  Spiers,  M.A.,  B.Sc,  F.I.C.,  officially  issued  on 
behalf  of  the  Technical  Committee  of  the  World  Power  Confer- 
ence, and  published  by  them  from  36  Kingsway,  London,  W.C.2. 
The  data  there  presented  by  the  Technical  Committee,  whose 
chairman  is  Dr.  C.  H.  Lander,  aided  by  an  able  band  of  fifteen 
colleagues,  also  with  a  preface  by  Dr.  E.  W.  Smith,  Chairman, 
Technical  Data  on  Fuel  Sub-Committee,  will  be  found  of  great 
service  to  those  studying  fuel  problems.  In  addition  to  general- 
information,  Part  I  shows  data  on  Air,Water,  and  Gases  ;  Specific 
Heat  ;  Steam  and  Refrigerants  ;  Thermal  Conductivity  and  Heat 
Transfer;  Metals  and  Alloys;  Refractories.  Part  II,  Fuel — 
General  Introduction;  Gaseous,  Liquid,  and  Solid  Fuels;  also 
Bibliography. 
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(/;)   Organisations  concerned  zvith  the  Efficient  Use  of 
Fuel  in  Industry 

With  regard  to  the  organisations  concerned  with  the  efficient  use 
of  fuel  in  industry,  reference  should  be  made  to  the  Fuel  Economy 
Department  of  the  Federation  of  British  Industries.  This  has  a 
consultative  Technical  Sub-Committee,  on  which  for  some  time  I 
served  as  Chairman,  with  whom  are  associated  Mr.  G.  W.  Andrew, 
as  the  technical  officer,  and  Mr.  W.  Prescott.  The  service  of  the 
Department  is  at  the  disposal  of  the  federated  firms.  The  work 
has  been  largely  associated  with  advice  and  research  work  in  the 
improvement  of  industrial  practice  in  steam  raising  and  utilisation, 
and  the  production  of  producer  gas. 

The  Fuel  Department  of  the  National  Federation  of  Iron  and 
Steel  Manufacturers  will  probably  be  given  full  consideration  by 
Mr.  E.  C.  Evans,  who  is  presenting  a  valuable  paper  to  this 
Section  of  the  Conference. 

In  the  Institute  of  Fuel,  with  already  650  members,  and  rapidly 
increasing  in  numbers,  great  credit  is  due  to  its  able  joint  Honorary 
Secretaries,  Mr.  E.  C.  Evans  and  Mr.  H.  L.  Pirie,  and  Secretary, 
Mr.  P.  C.  Pope.  It  has  now  become  fully  established  as  an  institu- 
tion to  correlate  the  fuel  practice  of  a  number  of  industries,  whose 
technicians  would  not  otherwise  be  able  to  meet  together  for 
scientific  and  economic  discussions.  This  Institute,  which,  thanks 
to  Lord  Melchett  and  the  help  of  others,  has  been  brought  into 
being  by  the  wise  combination  of  the  Institution  of  Fuel  Tech- 
nology and  the  Institution  of  Fuel  Economy  Engineers,  must  prove 
to  be  of  great  service  in  fuel  technology,  and  eventually  the  centre 
of  British  information  on  this  important  subject. 

Even  at  this  early  stage  of  its  history  a  number  of  interesting 
papers  have  already  been  given.  Its  activities  will  doubtless  still 
further  give  to  fuel  technology  recognition  of  its  growing  import- 
ance in  industrial  practice  and  afiford  to  technicians  a  common 
meeting  ground  for  discussion  of  matters  affecting  scientific  pro- 
gress. Sometimes  it  is  said,  and  often  rightly,  that  there  are 
already  enough,  if  not  too  many,  Institutions  and  Societies,  but 
certainly  in  this  case  there  seems  good  reason  for  the  formation  of 
this  new  body,  to  which  I  am  sure  we  all  wish  God-speed. 

The  Fuel  Research  Board,  now  under  the  able  Chairmanship  of 
Sir  Richard  Threlfall,  was  originally  constituted  to  study  the 
problem  of  the  production  of  oil  from  coal.  Accordingly  its 
activities  have,  I  believe,  been  chiefly  confined  to  the  study  of  low- 
temperature  carbonisation  and  other  means  of  attaining  this  desir- 
able object.  Its  activities,  however,  have  not  been  confined  to  this 
field  alone,  but  have  been  of  gradually  widening  nature.  Amongst 
its  more  important  activities  may  be  included  the  chemical  survey 
of  the  British  coalfields  with  groups  of  workers  in  local  centres  ;  the 
problem    of    smoke    abatement  ;    the    utilisation    of    peat  ;    the 
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development  of  power  alcohol  ;  domestic  heating  ;  and  co-operation 
wtih  the  industries  and  the  Universities  in  a  number  of  problems 
associated  with  the  production  of  metallurgical  coke.  The  Depart- 
ment of  Scientific  and  Industrial  Research,  working  through  the 
Fuel  Research  Division,  also  stimulates  by  its  grants  to  research 
workers  in  Universities  and  other  Institutions  the  supply  of  a 
highly  trained  personnel  for  technical  work  in  industry.  The 
useful  grants  in  aid  to  industrial  organisations  to  foster  the  com- 
mercial development  of  new  processes  designed  to  produce  a 
smokeless  domestic  fuel  are  also  worthy  of  note. 

In  the  gas  section  of  fuel  and  its  applications,  the  Society  of 
British  Gas  Industries  and  the  British  Commercial  Gas  Association, 
with  its  able  Director,  Mr.  F.  W.  Goodenough,  are  of  high  value 
with  their  Annual  Congresses  in  different  parts  of  our  country.  I 
believe  Great  Britain  can  fairly  challenge  any  other  countries  to 
show  such  excellent  results  as  are  obtained  from  their  work,  and  by 
means  of  which  gas  of  the  highest  efficiency  is  supplied  to  the  user 
at  the  cheapest  possible  price. 

(i)  Papers  Submitted  in  Sections  "T"  and  "V" 

With  regard  to  the  papers  submitted  to  the  present  Conference  in 
our  Sections  "T"  and  "V,"  these  are  all  of  considerable  importance. 
We  have  from  our  own  country  "Training  of  Fuel  Technologists," 
by  Professor  J.  W.  Cobb;  from  Austria,  "Training  of  Fuel 
Engineers  in  Austria,"  by  Professor  W.  J.  Müller  ;  from  Germany, 
"Organisations  for  the  Promotion  of  Fuel  and  Heat  Economy  in 
German  Industry,"  by  Dipl.  Ing.  F.  Zur  Nedden;  from  Russia, 
"General  Problems  of  Fuel  Utilisation,"  by  M.  I.  Lapiroff-Scoblo. 

The  last-named  paper  is  of  particular  interest,  indicating  as  it 
does  the  advances  which  have  been  made  in  the  matters  of  fuel 
and  heat  research  in  Russia.  It  is  pleasant  to  be  able  to  regard 
such  progress  in  respect  to  this  great  country,  to  whom  we  all  wish, 
on  such  matters,  to  hold  out  the  right  hand  of  friendship  and 
fellowship. 

May  I  call  attention  to  one  very  interesting  statement  in  the  paper 
from  Germany  by  Mr.  F.  Zur  Nedden  entitled  "Organisations  for 
the  Promotion  of  Fuel  and  Heat  Economy  in  Germany  Industry." 
The  point  is  such  an  important  one  that  I  quote  the  actual  words 
of  the  author,  which  are  as  follows  : — "All  these  organisations 
support  themselves  out  of  their  activities,  either  entirely  from 
industrial  funds,  partly  from  grants  of  industrial  associations, 
partly  from  membership  subscriptions,  and/or  from  payments  for 
expert  advice  or  special  work.  No  financial  or  other  support  is 
now  afforded  by  the  State  for  the  promotion  of  efficiency  in  the 
use  of  fuel  and  heat  in  industry." 

In  this  country  much  money  is  spent  by  the  Fuel  Research  Board, 
and  its  work  has  proved  to  be  of  great  service.  Nevertheless,  to 
me  it  seems  to  be  much  better  that  as  far  as  possible  there  should 
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be  no  departure  from  the  British  principle  covered  by  the  term 
"individuaHsation,"  which  to  my  mind  is  so  important. 

Before  and  during  the  Great  War,  Germany  to  our  eyes  seemed 
to  work  entirely  by  State  aid  and  control,  a  method  which  is  surely 
wrong  in  principle  and  one  we  should  not  adopt  as  without  doubt 
it  is  "individual"  work  which  has  helped  to  make  our  country  what 
it  is  in  the  world  to-day. 

It  is  therefore  somewhat  astonishing  and  strange — and  this  point 
may  be  particularly  emphasised — to  find,  as  I  understand,  what 
now  appears  to  be  a  reversal  of  the  policy  of  that  country, 
Germany,  which  is  going  back  to  industrial  organisations  un- 
fettered by  State  control  or  assistance. 

If,  in  regard  to  any  particular  subject  of  technical  importance, 
individual  effort  can  only  be  brought  about,  or  is  thought  only  to  be 
useful  when  exercised  through  State  control  and  assistance,  to  my 
mind  there  is  not  much  hope  of  real  advance  and  progress  being 
effected.  The  method  may  appear  to  work  for  a  time,  but  the  end 
can  only  be  unsatisfactory,  to  say  nothing  of  the  exceedingly  high 
cost. 

In  the  German  and  Russian  reports  the  importance  of  heat 
technology  is  given  equal  rank  with  the  technology  of  fuel.  This  is 
an  aspect  of  fuel  economy  which  is  not  given  as  much  attention  as 
fuel  alone  in  this  country.  It  is  a  section  of  the  subject  on  which 
we  in  Sheffield  are  concentrating.  This  point  of  view  receives 
attention  in  the  joint  paper  contributed  by  myself  and  Mr.  Sarjant, 
in  Section  K  of  the  present  Conference. 


(/)  C oncliision 

In  conclusion,  may  I  say  that  the  Chairman  of  the  Fuel  Confer- 
ence Committee,  Mr.  D.  N.  Dunlop,  aided  by  the  Chairman  of  the 
Technical  Committee,  Dr.  C.  H.  Lander,  the  Joint  Technical 
Secretaries,  Dr.  E.  W.  Smith  and  Mr.  E.  J.  Fottrell,  the  Joint 
General  Secretaries,  Mr.  S.  S.  Ogilvie  and  Mr.  W.  M.  Burt,  also 
the  Members  of  the  Committee,  are  indeed  to  be  congratulated 
upon  the  success  of  their  hard  work  and  organisation.  When 
President  of  the  Society  of  British  Gas  Industries  ten  years  ago, 
I  ventured  to  point  out  the  vital  importance  of  studying  in  a  full 
and  scientific  manner  the  problems  associated  with  fuel  in  all  its 
aspects.  It  is,  therefore,  doubly  satisfactory  to  me  to  find  how 
exhaustively  this  subject  has  been  dealt  with  in  the  present  great 
Conference,  which  must  bring  about  results  of  the  highest  inter- 
national benefit  and  value  to  the  world. 

The  Chairman,  opening  the  proceedings,  read  extracts  from  his 
introductory  remarks,  as  printed  and  circulated. 

Mr.  E.  C.  Evans  (General  Reporter)  presented  his  General 
Report. 
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Professor  J.  W.  Highley  (Vice-Chairman,  Great  Britain), 
speaking"  as  one  responsible  to  some  extent  for  the  training  of  fuel 
technicians  at  the  Imperial  College  of  Science  and  Technology, 
said  he  always  felt  that  when  discussing  education,  speakers  tended 
rather  to  regard  it  as  though  it  were  a  matter  of  turning  out  goods 
from  a  factory.  He  hoped  the  delegates  to  the  Conference  would 
read  into  the  papers  submitted  the  notion  that  that  was  not  so. —  ? 

There  were  four  important  features  concerning  a  fuel  technician, 
a  chemical  engineer  or  any  educated  man.  In  the  first  place,  there 
was  his  natural  character,  for  which  his  progenitors  were  largely 
responsible  ;  secondly,  there  was  his  acquired  character,  which  the 
educational  institutions  could  help  to  develop  ;  thirdly,  there  was 
his  inherent  ability,  i.e.,  the  potential  ability  with  which  he  was 
born,  and  which  again  was  dependent  upon  his  progenitors  ;  and 
fourthly,  his  acquired  ability,  for  which  the  teacher  was  to  a  large 
extent  responsible.  There  were  also  other  forces  which  influenced 
both  character  and  ability,  and  these  forces  existed  outside  the 
educational  institutions.  If  those  forces  made  for  the  development 
of  good  character  and  the  ability  for  straight  thinking,  then  the 
educational  institutions  could  produce  good  fuel  technicians,  good 
chemical  engineers  and  so  on,  but  otherwise  he  was  afraid  the 
educational  institutions  could  not  turn  out  first-class  men.  The 
first-class  man  depended  upon  moral  character  first  ;  and  educa- 
tional institutions  were  dealing  with  only  a  very  small  proportion, 
probably  not  more  than  about  10  per  cent.,  of  the  forces  which 
made  for  the  development  of  the  first-class  technician.  He  had 
been  told  by  a  commercial  friend  that  it  was  very  difiicult  to  get 
good  travellers  to-day.  If  a  man  was  a  good  traveller,  he  was 
frequently  not  honest  ;  on  the  other  hand,  if  he  was  honest  he  was 
often  not  a  good  traveller.  That  problem  arose  everywhere,  and 
that  aspect  of  the  position  should  be  emphasised  more  frequently. 
Another  aspect  was  that  there  were  two  kinds  of  people  in  indus- 
trial organisations.  There  were  first  those  who  were  taught  to  do 
certain  things  and  who  did  them  so  often  that  they  could  not  go 
wrong;  secondly,  there  were  those  who  thought  about  what  they 
were  doing,  and  who  did  those  things  correctly  in  consequence. 
It  was  with  the  education  of  the  latter  class  that  the  educational 
institutions  were  concerned. 

Professor  J.  W.  Cobb  had  pointed  out  that  there  was  a  certain 
technique  to  be  learned  in  our  educational  institutions.  That  was 
true,  but  we  must  not  look  upon  the  learning  of  that  technique  as 
an  absolute  cast-iron  condition  of  producing  a  first-class  man. 
There  was  room  for  development  in  all  our  methods  in  industry. 
He  felt  that  a  fuel  technician  was  a  chemical  engineer  who  had 
spent  a  lot  of  his  time  in  a  special  study  of  problems  connected 
with  fuel.  Unless  a  man  was  a  chemical  engineer  he  was  not 
capable  of  handling  those  composite  problems  which  affected 
equally  the  chemical  side  and  the  engineering  side. 
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The  question  as  to  whether  preference  should  be  given  to  chemis- 
try or  to  engineering  in  the  training  of  a  fuel  technologist  had  been 
discussed  in  the  papers  presented,  and  in  this  connection  it  must  be 
appreciated  that,  whereas  engineering  was  a  matter  of  common 
sense  and  reasoning,  in  chemistry  it  was  necessary  to  accumulate  a 
number  of  disconnected  and  sometimes  heterogeneous  facts  before 
one  could  make  anything  out  of  it.  Chemistry  had  not  yet  reached 
the  stage  at  which  it  could  be  said  that  the  study  of  it  was  as 
reasonable  as  the  study  of  engineering.  As  an  example,  Professor 
Hinchley  referred  to  the  halogens — fluorine,  iodine,  bromine  and 
chlorine.  Fluorine,  he  said,  was  a  member  of  the  halogen  family, 
but  it  behaved  absolutely  differently  from  all  the  others,  for  no 
apparent  reason.  It  was  necessary  for  men  dealing  with  chemical 
problems  to  be  aware  of  these  things  and  on  the  look-out  for  them, 
and  sceptical  as  to  when  they  might  turn  up.  On  that  account, 
chemistry  was  very  important  to  a  young  man.  When  he  had 
passed  the  age  of  twenty-one  or  twenty-two  years  he  was  incap- 
able of  learning  the  array  of  facts  and  details,  which  were  essential 
if  he  was  to  be  able  to  take  a  sound  chemical  view  of  any  problem. 

On  the  other  hand,  engineering,  being  of  a  more  reasoning 
character,  was  a  subject  which  could  be  pursued  in  later  years. 
Therefore,  it  was  his  (Professor  Hinchley's)  practice  always  to 
impress  upon  parents  the  notion  that  if  their  sons  were  to  become 
chemical  engineers  or  fuel  technicians  they  should  take  their 
chemistry  with  great  seriousness  to  begin  with,  and  that  engineer- 
ing, for  which  all  of  us  had  a  certain  aptitude,  could  wait.  There 
were  many  students  who  were  excellent  chemists,  but  who  were 
not  capable  of  becoming  good  fuel  technologists,  i.e.,  not  capable 
of  designing,  erecting  and  using  a  plant  in  which  fuel  was  dealt 
with. 

In  the  last  seventeen  or  eighteen  years  quite  a  large  number  of 
students  had  passed  through  his  hands,  but  he  could  say  quite 
truthfully  that  no  two  of  them  were  alike  or  even  approximately 
alike.  Thus,  the  difficulties  in  education  were  far  greater  than  in 
any  other  sphere,  because  of  the  very  great  variation  in  the  raw- 
material.  In  his  view  the  educational  institutions  could  not  carry 
the  education  of  a  chemical  engineer  of  a  fuel  technician  to  the 
point  at  which  the  man  could  go  into  a  works  and  become  immedi- 
ately a  useful  member  of  the  organisation.  The  works  themselves 
must  always  do  a  great  deal  in  the  training  of  the  men.  Educa- 
tional institutions  could  be  responsible  for  the  fundamental  train- 
ing, but  they  could  not  make  chemical  engineers  or  fuel  technicians. 

In  most  of  our  colleges  there  was  a  great  deal  of  information  and 
knowledge  gained,  but  the  amount  of  wisdom  acquired  by  the 
students  was  often  not  as  great  as  one  would  like.  In  this  connec- 
tion he  joined  issue  with  Professor  Cobb  and  some  others  who 
were  teaching  specialist  subjects  in  short  terms.  In  America  they 
did  not  hesitate  to  allow  six  years  or  even  more  for  the  training 
of  a  man,  but  in  this  country  we  grudged  more  than  three  years, 
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and  with  difficulty  secured  four.  As  a  result,  the  time  allotted  for 
training  in  fundamentals  was  very  short  in  specialist  training  insti- 
tutions, and  he  urged  that  a  longer  period  should  be  devoted  to 
training  in  fundamentals  and  a  shorter  time  to  the  special  subjects. 
Nothing  whatever  could  make  up  for  lack  of  fundamental  know- 
ledge, and  in  his  view  a  man  who  had  merely  learned  the  tricks  of 
a  trade  at  an  institution,  whether  scientific  or  technological,  would 
be  a  greater  nuisance  to  industry  than  he  was  worth.  On  the 
other  hand,  a  man  with  a  fundamental  training  in  science  would 
be  able  to  enter  a  works  and  apply  the  knowledge  he  had  acquired, 
with  advantage  to  his  employers  and  to  himself. 

Mr.  W.  H.  Patchell  (Great  Britain)  said  that  the  boiler  room 
had  been  the  Cinderella  of  industr}%  and  he  believed  that  was  why 
many  people  had  paid  little  attention  to  it.  They  had  preferred  the 
cleaner  parts  of  the  works,  forgetting  that  the  boiler  room  could 
be  kept  equally  bright  and  clean.  There  was  a  very  great  deal  to 
do  in  the  direction  of  providing  proper  training  for  fuel  technolo- 
gists, and  he  was  glad  that  we  were  really  going  to  put  our  house 
in  order.  Until  lately,  the  books  available  on  fuel  were  very  scarce. 
If,  when  he  M'^as  serving  his  time,  one  enquired  for  an  engineering 
book,  the  only  book  one  was  recommended  was  Molesworth  !  He 
had  a  book  on  fuel  by  Sexton,  and  it  had  been  far  more  a  Bible 
to  him  than  Molesworth  had  been. 

Only  a  few  people  were  vitally  interested  in  fuel  from  the  boiler 
point  of  view.  In  the  iron  and  steel  industry  and  a  few  others  the 
fuel  costs  represented  a  considerable  proportion  of  the  total  costs  ; 
but,  as  a  rule,  the  cost  of  power  was  almost  a  bagatelle  in  a 
manufacturer's  works  costs,  and  that  was  why  power  production 
had  not  received  the  attention  it  should  have  received.  Often  the 
point  of  view  of  a  manufacturer  who  was  producing  power  on  a 
small  scale  was  that  he  could  not  afïord  to  pay  high  salaries  to 
men  who  were  helping  to  produce  that  power.  One  of  the  first 
concerns  he  knew  of  which  had  really  paid  great  attention  to  their 
costs  in  the  boiler  room,  and  the  efficient  utilisation  of  their  coal 
and  production  of  electricity,  was  the  Detroit  Edison  Co.  That 
company  had  secured  one  of  the  brightest  students  from  Cornell 
University  and  had  engaged  him  in  the  boiler  room.  That  man 
was  now  chief  engineer  to  the  company.  When  he  (Mr.  Patchell) 
first  began  to  take  an  interest  in  these  things  and  had  tried  to  get 
figures,  the  bulk  of  the  tests  to  which  he  could  refer  were  those 
conducted  by  men  such  as  the  esteemed  late  President  of  the 
Institution  of  Mechanical  Engineers,  Michael  Longridge.  He  had 
had  a  college  education  and  had  been  taught  the  rudiments  of  the 
subject  before  he  had  commenced  to  specialise  in  the  boiler  and 
insurance  business,  and  that  was  really  what  we  all  ought  to  do. 
The  boiler  insurance  companies  had  carried  out  tests,  and  a  few 
of  the  North-East  coast  and  the  Scottish  engineers  were  also 
testing  ;  but  very  f  ew\  Sir  Alexander  Kennedy  was  probably  one 
of  the  first  engineers  to  carry  out  tests,  with  the  late  Brian  Donkin, 
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and  his  book  on  boiler  tests  was  about  the  oldest  set  of  boiler  tests 
one  could  find.  The  matter  was  being  dealt  with  abroad  in  the  old 
days  by  the  Alsatian  company  and  a  German  company,  but  they 
had  studied  it  from  the  steam  user's  point  of  view. 

In  connection  with  the  entrance  examination  set  by  the  Institution 
of  Mechanical  Engineers,  said  Mr.  Patchell,  fundamental  training 
was  looked  for,  as  it  was  felt  that  students  ought  not  to  take 
specialised  training.  It  was  the  fundamental  training  that  engineer- 
ing was  built  up  on,  and,  whether  a  man  intended  to  be  a  civil, 
electrical  or  mechanical  engineer,  so  long  as  he  had  a  knowledge 
of  the  fundamentals  he  would  come  out  all  right. 

Continuing,  the  speaker  recalled  that  at  a  meeting  of  a  Board  of 
Studies  at  South  Kensington  during  the  early  part  of  the  War,  a 
motion  was  put  forward  on  behalf  of  chemists  that  they  be  taught 
engineering.  The  Board  was  composed  of  Professors,  Assistant 
Professors,  and  a  few  others,  of  which  he  was  one,  and  the  motion 
was  turned  down  at  first.  He  had  begged  Professor  H.  C.  H. 
Carpenter,  who  was  presiding,  to  have  the  matter  reconsidered, 
and  with  the  help  of  Professor  F.  G.  Donnan,  a  resolution  was 
passed  to  refer  the  matter  to  a  Committee.  In  those  days  the  men 
around  the  table  had  not  appreciated  what  this  country  had  lost 
because  of  the  ignorance  of  our  chemists  of  engineering  and  the 
ignorance  of  our  engineers  of  chemistry.  Eventually,  the  Com- 
mittee to  which  the  matter  was  referred  had  set  to  work,  and 
London  University  had  taken  the  matter  up.  Since  then,  the 
Institution  of  Chemical  Engineers  had  been  formed,  and  he  was 
glad  to  know  that  it  was  going  strong.  The  latest  body  formed 
which  was  concerned  with  these  matters  was  the  Institute  of  Fuel, 
and  there  was  a  great  deal  of  work  for  that  body  to  do.  One  could 
not  expect  a  young  body  such  as  that  to  go  in  for  research,  of 
course  ;  but  if  it  would  take  in  hand  the  problem  of  the  teaching 
of  fuel  technology,  and  see  that  it  was  properly  catered  for,  with- 
out actually  spending  money  on  it,  that  would  constitute  a  very 
real  part  of  its  work. 

Mr.  John  Roberts  (Great  Britain)  said  that  an  enormous  amount 
of  research  work  on  various  aspects  of  coal  treatment  was  being 
carried  out  in  the  various  countries  represented  in  the  Conference, 
and  numbers  of  original  publications  followed  each  other  in  rapid 
succession  ;  so  much  so,  that  it  was  a  matter  of  difficulty  to  keep 
pace  with  them.  In  order  to  keep  abreast  of  the  times,  one  had  to 
subscribe  to  several  journals,  and  become  a  member  of  too  many 
institutions.  This  involved  the  accumulation  of  a  mass  of  journals 
and  transactions  containing  considerable  material  to  which  the 
individual  rarely  referred.  This  Conference  had  proved  the  im- 
mense value  of  an  exchange  of  ideas,  and  it  was  for  this  reason 
that  it  was  proposed  to  follow  up  this  by  continual  interchange  of 
reports  on  researches  and  developments.  The  proposal  was  the 
establishment  of  national  and  international  bureaux  of  Fuel  Pub- 
lications, the  object   of   which   shall  be  the  distribution  to  its 
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members  of  those  publications  on  the  particular  aspects  of  coal 
treatment  in  which  individuals  were  interested.  In  each  country 
there  should  be  established  a  clearing  house,  each  member  of 
which  would  notify  the  Committee  if  and  when  he  intended  to 
publish  a  report  or  paper.  An  advance  copy  would  be  submitted 
to  the  Committee  for  scrutiny  ;  and,  if  considered  advisable,  the 
secretary  would  then  notify  those  members  who  were  interested  in 
that  particular  subject  that  the  paper  was  being  published,  giving 
a  short  synopsis.  Members  would  be  expected  to  inform  the 
Secretary  if  they  required  copies.  Arrangements  would  be  made 
to  have  sufficient  copies  reprinted  before  the  type  was  distributed, 
and  these  would  be  circulated  to  members  of  the  circle  at  appro- 
priate rates.  The  Institute  of  Fuel  or  other  suitable  body  in  Great 
Britain  could  act  as  a  sort  of  foster-mother  of  the  bureau.  The 
most  important  activities  would  be  of  a  national  character,  but 
arrangements  could  be  made  to  extend  the  scheme  to  foreign 
countries,  in  the  case  of  papers  of  outstanding  interest.  The 
International  body  would  co-ordinate  the  efforts  of  the  national 
bodies  as  far  as  considered  desirable.  It  was  suggested  that  this 
scheme  was  a  necessary  step  in  the  further  co-operation  of  the 
various  nations,  and  would  help  to  carry  on  the  good  work  already 
begun  with  such  marked  success. 

The  motion  was  that  : — - 

"The  International  Executive  Council  shall  take  steps  for  the 
formation  of  an  International  bureau  for  the  exchange  of 
original  publications  on  the  treatment  of  fuel." 

The  details  of  the  organisation  of  the  National  circles  could  be 
left  to  a  committee,  which  should  be  thoroughly  representative 
of  the  interests  concerned. 

The  Chairman  submitted  the  motion  to  the  meeting  for  approval, 
and  said  that,  if  approved,  the  General  Reporter  would  bring  it  to 
the  notice  of  the  Council. 

The  resolution  was  carried  nem  con. 

Mr.  R.  J.  Sarj.^nt  (Great  Britain)  agreed  with  Professor 
Hinchley  that  in  the  training  of  a  fuel  technologist  chemical  studies 
must  come  first,  and  he  added  that  there  should  be  specialisation 
in  physical  chemistry.  There  was  no  branch  of  his  own  work  in 
the  iron  and  steel  industry  which  had  not  in  its  basis  some  reference 
to  physical  chemistry,  and  he  believed  Professor  Hinchley  would 
agree  that  when  speaking  of  chemistry  as  fundamental  in  the 
study  of  fuel  we  included  physics  also. 

With  regard  to  the  suggestion  mentioned  by  the  Chairman  that 
heat  technology  laboratories  should  be  established,  Mr.  Sarjant 
said  that  that  suggestion  was  the  outcome  of  his  experience  at 
Messrs.  Hadfield's  that  the  major  problems  connected  with  the 
utilisation  of  fuel  in  an  iron  and  steel  works  were  problems 
concerning  the  flow  of  heat,  and  he  regarded  the  subject  as  one  to 
which  too  much  attention  could  not  be  devoted  in  research  work. 
The  problems  were  concerned  more  particularly  with  the  tracking 
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down  of  the  heat  and  its  efficient  utihsation  rather  than  with  the 
generation  of  heat,  which  latter  was  a  subject  to  be  studied  more 
particularly  by  those  engaged  in  producing  the  fuel.  Next  in  im- 
portance to  the  study  of  physical  chemistry  in  the  training  of  a 
fuel  technologist  was  the  study  of  engineering,  and  it  was  the 
practice  of  Messrs.  Hadfield's  to  encourage  the  technical  assistants 
who  had  received  a  metallurgical  training  to  study  also  engineering. 

There  was  a  large  body  of  men  who  could  not  afford  a  University 
training  and  who  entered  industry  immediately  after  leaving 
school,  but  whose  work  was  nevertheless  of  a  technical  character. 
Educational  facilities  must  be  provided  for  these  workers,  who 
were  catered  for  at  Sheffield  at  the  University  evening  classes. 
They  were  encouraged  at  Messrs.  Hadfield's  works  to  study  en- 
gineering after  the  completion  of  their  first  course  in  metallurgy, 
or  whatever  their  special  subject  might  be,  and  it  was  a  source  of 
gratification  to  him  that  one  of  his  former  assistants  who  had  taken 
a  course  in  metallurgy  and  in  engineering  had  won  a  prize  in  the 
engineers'  competition.  Referring  to  the  functions  of  the  pure 
scientist  who  carried  out  the  fundamental  research  work  in 
industry,  he  urged  that  in  fuel  circles  equal  importance  must  be 
attached  to  the  physicist  as  to  the  chemist. 

The  Chairman  pointed  out,  for  the  benefit  of  delegates  from 
abroad,  that  there  was  an  Institute  of  Physics  in  this  country.  It 
had  been  found  to  be  very  valuable  indeed  ;  many  of  the  men  who 
joined  the  staff'  of  Messrs.  Hadfield's  were  now  taking  the  examina- 
tion of  that  body,  and  that  practice  was  found  to  be  very  useful. 

Mr.  Sarjant,  dealing  with  the  training  of  the  technicians  en- 
gaged in  the  works,  said  it  would  be  agreed  that  in  their  vocational 
studies  the  engineering  bias  was  eminently  desirable.  An  attribute 
which  it  was  important  that  these  technologists  should  possess,  and 
one  which  it  was  difficult  for  any  teaching  body  to  inculcate,  was 
a  practical  outlook,  and,  to  go  a  stage  further,  a  practical  research 
outlook.  There  were  men  in  industry  who  worked  in  a  rut,  who 
were  hostile  to  progress,  and  who  resented  the  co-operation  of 
technical  men  in  the  development  of  some  new  aspect  of  the  work. 
It  was  essential,  however,  that  the  fuel  technician  should  have  a 
practical  outlook.  In  any  industrial  works  it  was  essential  that 
there  should  be  one  member  of  the  staff  at  least  whose  duty  it  was 
to  control  the  fuel  organisation  of  those  works;  if  it  were  not 
possible  to  employ  a  man  wholly  on  this  work,  it  should  be  part  of 
the  duty  of  one  member  of  the  staff  to  control  fuel  matters.  It 
might  be  asked  where  such  men  were  going  to  get  their  knowledge 
of  fuel,  and  Mr.  Sarjant  expressed  the  belief  that  one  important 
result  of  the  Fuel  Conference  would  be  that  fuel  technology  as  a 
subject  would  occupy  a  more  important  position  than  formerly  in 
vocational  studies.  Another  suggestion  he  made  was  that  the 
provision  of  "refresher"  courses  for  those  who  had  been  engaged 
in  industry  for  a  considerable  time  would  be  valuable,  and  he  put 
this   suggestion    forward  as   one  well  worthy  of   consideration, 
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because  one  was  likely  to  forget   some  of   the   valuable   things 
learned  at  University  or  College. 

With  regard  to  the  proposal  for  the  formation  of  an  International 
Bureau  for  the  exchange  of  original  publications  on  the  treatment 
of  fuel,  and  of  a  National  Bureau  for  a  similar  purpose,  he  agreed 
that  in  technical  literature  to-day  there  was  too  much  duplication. 
One  found  a  paper  of  very  great  value  buried  in  a  mass  of  informa- 
tion which  might  be  very  valuable  to  somebody  else,  but  in  which 
one  was  not  interested.  The  problem  of  obtaining  all  the  technical 
information  available  on  a  particular  subject  was  formidable,  and 
the  solution  needed  a  great  deal  of  careful  thought.  In  this  con- 
nection there  were  two  thoughts  dominant  in  his  mind.  The  first 
was  : — 

"Of  the  making  of  many  books  there  is  no  end. 
And  much  study  is  a  weariness  to  the  flesh." 
The  second,   from   Milton's   "Areopagitica"  :  — 

"A  good  book  is  the  lifeblood  of  a  master  spirit." 

Professor  C.  P.\dovani  (Italy),  discussing  the  provision  of 
facilities  for  the  training  of  fuel  technicians  in  Italy,  said  that  fuel 
economy  was  of  special  importance  to  a  country,  which,  owing  to 
the  scarcity  of  its  own  natural  resources,  had  to  import  much  of 
its  fuel.  Some  14  million  tons  of  coal  were  being  imported  into 
Italy  each  year,  and  the  quantity  was  likely  to  increase,  in  spite  of 
the  development  of  hydro-electric  power  schemes,  which  was 
taking  place  particularly  in  the  northern  part  of  Italy. 

Professor  Levi — whose  absence  from  this  assembly  he  regretted 
— had  six  years  ago  founded  a  special  course  for  fuel  technologists 
in  Bologna,  and  when  this  course  was  founded  there  had  been 
some  discussion  among  engineers  as  to  whether  or  not  science  as 
taught  there  should  be  more  physical  than  chemical.  At  the  Poly- 
technic at  Milan  a  similar  course  had  been  instituted  last  year  for 
chemical  engineers.  The  Society  of  Gas  Manufacturers  had  also 
arranged,  under  the  direction  of  Professor  Levi,  a  six  months' 
course  for  graduated  engineers,  the  matters  treated  in  this  course 
comprising  gas  chemistry,  gas  engineering  and  economy  of  combus- 
tion. Laboratory  work  was  carried  out  in  connection  with  this 
course,  and  the  engineers  maintained  contact  with  the  factories.  A 
more  comprehensive  course  in  thermo-technical  engineering  would 
be  also  opened  this  year  by  the  Polytechnic  of  Milan.  The  course 
would  also  be  for  graduates  in  engineering  covering  a  period  of 
nine  months.  Both  the  chemical  and  mechanical  aspects  of  science 
were  taught. 

A  National  Association  for  the  Control  of  Combustion  had  been 
founded  in  Italy,  the  functions  of  which  would  be  to  advise  on  all 
thermal  installations  and  to  concern  itself  with  the  training  of 
men.    Professor  Levi  was  one  of  the  leaders  of  that  Association. 

Finally,  Professor  Padovani  acknowledged  the  help  which  Italy 
derived  from  an  exchange  of  ideas  with  the  technicians  in  coun- 
tries which  were  large  producers  of  fuel. 
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Professor  Tokuji  Ohga  (Japan)  said  that  Japan  was  deeply 
interested  in  the  education  of  fuel  technologists,  and  that  Dr. 
Kamo,  who  was  the  chief  of  the  Japanese  Delegation  at  the  Fuel 
Conference,  had  had  the  honour  of  being  the  Chairman  of  the 
Committee  for  establishing  the  Engineering  College  at  Hokkaido 
Imperial  University,  and  had  made  the  course  of  Fuel  Technology 
a  speciality  of  that  University.  The  engineering  side  was  dealt  with 
as  well  as  the  chemical  side.  Dr.  Kamo  was  the  leading  exponent 
of  fuel  education  in  Japan. 

Mr.  E.  Kilburn  Scott  (Great  Britain),  who  has  been  a  part-time 
lecturer  to  engineering  students  for  over  twenty  years,  and  recently 
had  lectured  on  combustion  problems  and  boiler-house  lay-outs  at 
an  engineering  college  in  London,  said  he  had  met  some  who  were 
disturbed  about  their  prospects.  For  example,  they  pointed  out 
that  men  sweeping  the  roads  were  often  better  paid  than  fully 
qualified  mechanics,  and  small  shopkeepers  and  push-cart  mer- 
chants received  better  remuneration  than,  say,  trained  analytical 
chemists   or  expert  designers. 

There  was  something  radically  wrong  with  chemistry,  engineer- 
ing, etc.,  and  unless  matters  were  soon  improved,  young  men 
would  not  continue  to  go  through  the  arduous,  lengthy  and 
expensive  training  necessary  to  fit  them  for  their  professions.  It 
was  a  disgrace  that  many  directors  of  engineering,  chemical  and 
allied  concerns  should  be  lawyers,  accountants,  soldiers  and  self- 
styled  "gentlemen."  At  the  opening  meetings  of  the  Fuel  Confer- 
ence, three  prominent  men  on  the  platform  were  lawyers,  namely, 
the  Marquess  of  Reading,  Sir  Robert  Home  and  Sir  David  Milne 
Watson.  Was  it  likely  that  at  a  legal  conference  three  engineers 
would  be  asked  to  occupy  similar  positions.    Not  likely  ! 

Lawyers  were  given  positions  because  they  could  talk  in  public, 
and  it  must  be  confessed  that  engineers  and  chemists  were  rela- 
tively inarticulate.  There  had,  for  instance,  been  some  examples 
at  the  Conference  of  speakers  whose  voices  could  not  be  heard 
beyond  the  first  few  rows  of  the  audience.  That  was  not  right,  and 
the  exhibition  was  painful. 

Universities  and  technical  colleges  failed  in  their  jobs  if  they  did 
not  train  young  men  to  think  logically,  and  speak  effectively  when 
on  their  feet.  The  fetish  of  written  words  and  calculations  had 
too  much  prominence  in  the  present  methods  of  training  engineers. 
It  was  his  practice  when  lecturing  to  get  some  of  the  students  to 
address  the  class  for  a  few  minutes  on  the  subjects  which  had  been 
dealt  with  in  the  lecture.  Some  were  embarrassed,  and  only  one  in 
about  half  a  dozen  or  so  had  sufficient  assurance  and  address  ;  yet 
these  young  men  would  have  to  appear  before  Committees  and 
Boards  of  Directors. 

If  engineers  and  chemists  were  to  take  their  proper  places  on  the 
executive  control  and  exercise  influence,  the  training  would  have 
to  be  altered  so  as  to  include  more  of  the  humanities.  It  was 
especially  important  in  these  days  because  industry  was  going  to 
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be  largely  controlled  by  conference  and  committee,  and  if  the 
representatives  of  the  workers  were  to  be  faced  by  men  who  had 
not  been  through  the  shops  and  did  not  know  the  trades  they  were 
supposed  to  direct,  then  there  was  going  to  be  delay  and  trouble. 
The  representatives  of  the  employers  should  be  engineers  and 
chemists  who  knew  their  business  from  A  to  Z,  not  lawyers, 
accountants  and  other  what-nots.  Apparently  the  same  kind  of 
thing  was  going  on  on  the  Continent,  for  he  had  been  talking  to  a 
chemical  engineeer  who  managed  a  large  coke  oven  plant  and  a 
synthetic  ammonia  plant  producing  a  variety  of  products.  Although 
this  chemical  engineer  had  done  a  great  deal  to  improve  tlae 
business,  he  was  still  receiving  the  same  salary  as  five  years  ago, 
and  it  was  under  £400  a  year. 

It  was  necessary  for  some  who  had  the  scientific  training  and  out- 
look to  occupy  seats  on  local  Councils  and  in  Parliament.  The 
type  required  for  executive  positions  in  this  essentially  scientific 
engineering  age  was  that  which  the  United  States  had  elected  as 
President.  Some  eight  years  ago,  when  Mr.  Hoover  was  first 
nominated  as  President,  he  (Mr.  Scott)  was  living  in  New  York, 
and  he  ventured  to  express  the  hope  that  Mr.  Hoover  would  be 
elected.  He  explained  to  his  American  friends  that  the  election 
of  a  scientific  engineer  as  chief  citizen  would  be  likely  to  create  a 
precedent.  We  must  look  forward,  some  day,  to  having  men  of 
similar  scientific  engineering  training  filling  high  political  positions 
in  this  country  and  on  the  Continent. 

It  would  be  laughable,  if  it  were  not  also  tragic,  to  see  the  way 
that  many  engineers  and  other  allowed  the  affairs  of  the  nation  to 
be  managed  by  men  who  qualified  for  their  jobs  by  "eating  dinners." 

Continuing,  Mr.  Scott  urged  that  engineers  should  be  taught  to 
draw  properly  so  as  to  be  able  to  illustrate  their  points  by  means 
of  quick,  well-proportioned  sketches.  In  his  view,  a  man  was  not 
a  fully-trained  engineer  until  he  could  make  good  explanatory 
sketches.  There  were  some  people  who  had  a  cheap  idea  of 
draughtsmanship,  but  an  inventive  and  adaptable  draughtsman 
was  often  the  brains  of  works.  Some  who  were  in  the 
engineering  teaching  profession  owed  their  positions  principally 
to  a  knowledge  of  mathematics  and  physics  but  could  not  make  a 
decent  sketch. 

It  was  necessary  for  successful  engineers  to  possess  social 
qualifications.  They  must  mix  with  all  kinds  of  people  in  society, 
from  the  workmen  at  the  bench  to  directors  and  bankers  ;  but 
they  were  not  being  trained  with  that  end  in  view. 

Finally,  to  illustrate  his  point  that  too  much  attention  was  being 
paid  to  physics  in  the  training  of  an  engineer,  the  speaker  said 
that  not  long  ago  he  had  applied  for  a  position  as  lecturer  on 
engineering.  He  had  been  asked  if  he  could  teach  physics,  and  had 
replied  that  he  could  not^  and  that  if  he  could  he  would  not  be  an 
engineer.  The  outcome  of  it  was  that  he  had  lost  the  job,  simply 
because  the  committee  responsible  was  advised  bv  a  phvsicist. 
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Dr.  f.  s.  Sinnatt  (Great  Britain)  said  that  he  agreed  with  the 
programme  suggested  by  Professor  Hinchley  for  the  training  of 
fuel  technologists.  It  was  true  that  chemistry  was  a  difficult 
subject  because  of  the  necessity  of  learning  a  number  of  isolated 
facts,  but  once  the  student  had  been  equipped  with  the  elements 
of  chemistiy  it  would  serve  him  for  ever.  The  early  training  of 
fuel  technologists  should,  therefore,  cover  first  of  all  chemistry, 
physics  and  mathematics,  and  later  perhaps  the  humanities.  It 
appeared  to  him  that  there  was  little  difference  in  the  fundamental 
knowledge  required  by  the  chemical  engineer  and  the  fuel  techno- 
logist, and  it  was  not  until  they  arrived  at  a  more  advanced  stage 
that  the  subjects  separated.  A  great  deal  of  chemical  engineering 
was  concerned  with  heat  transfer,  the  production  of  power,  etc., 
subjects  in  which  the  fuel  technologist  was  vitally  interested. 

There  was  one  aspect  of  the  question  which  was  of  national 
importance,  and  that  was  the  inadequacy  of  the  facilities  for  the 
training  of  fuel  technologists  in  this  country.  It  would  appear  that 
there  were  four  Chairs  concerned  with  fuel,  three  of  the  occupants 
of  which  were  engaged  for  their  whole  time  upon  the  teaching  of 
fuel.  Associated  with  these  Chairs  were  a  number  of  Lecturers  on 
fuel,  but  in  certain  other  universities  and  colleges  there  were 
Lecturers  without  there  being  a  Chair  in  fuel.  Dr.  Sinnatt  said 
that  as  far  as  he  knew  there  were  three  Lectureships  in  the  country 
in  addition  to  the  above  Professorships.  It  would,  therefore,  appear 
that  there  were  some  seven  centres  of  learning  in  over  twenty 
universities  and  colleges.  When  it  was  remembered  that  the  whole 
of  the  prosperity  of  this  country  depended  in  a  great  measure 
upon  our  knowledge  of  the  coal  seams  and  the  methods  of  their 
utilisation,  the  number  of  centres  at  which  fuel  was  taught  must  be 
considered  as  inadequate.  It  was  necessary,  in  relation  to  the 
subject  of  fuel,  to  draw  comparisons  with  other  subjects  taught  in 
the  universities  and  university  colleges,  and  it  must  be  remembered 
that  practically  every  university  and  university  college  had  a 
Professor  or  Lecturer  dealing  with  such  subjects  as  physics, 
chemistry,  mathematics,  etc.  Mr.  Patchell  had  said  that  the  boiler 
room  was  the  Cinderella  of  the  fuel  industry,  and  it  would  appear 
that  fuel  technology  was  the  Cmderella  subject  of  the  faculties 
in  the  universities,  and  he  pleaded,  as  he  had  done  on  previous 
occasions,  for  the  provision  of  more  adequate  facilities,  especially 
as  regards  laboratory  accommodation,  for  the  teaching  of  the 
subject  of  fuel  at  our  centres  of  learning.  We  could  not  have  fuel 
technology  taught  properly  except  by  Professors  and  Lecturers 
having  at  their  command  every  aspect  of  the  subject,  and  with  time 
to  devote  to  research  and  to  the  training  of  students. 

At  one  stage  of  his  career  Dr.  Sinnatt  stated  that  he  had  partici- 
pated in  the  formation  of  a  research  association  for  the  investiga- 
tion of  coal,  and  he  had  found  that  the  practice  of  visiting  works 
weekly,  or  even  at  shorter  intervals,  was  of  the  greatest  value  in 
connection  with  the  teaching  of  students.     He  felt  that  the  fuel 
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technologist  at  the  university  had  failed  in  his  duty,  and  would 
continue  to  fail,  unless  he  had  time  to  visit  works  at  frequent 
intervals  to  discover  the  problems  which  remained  to  be  solved,  so 
that  he  could  draw  the  attention  of  his  students  to  the  advances 
which  had  to  be  made  in  the  industry. 

Dr.-Ing.  Ludwig  Richter  (Austria)  spoke  in  the  German 
language: — Der  Redner  sagte  im  Anschluss  an  die  Bermerkung 
eines  Vorredners,  dass  die  technischen  Zeitschriften  als  eine  der 
wichtigsten  Quellen  fachlicher  Fortbildung  die  Verpflichtung 
hätten,  ihren  Lesern  das  Lesen  durch  klare  und  übersichtliche, 
möglichst  kurze  Aufsätze  zu  erleichtern.  Sie  müssten  in  diesem 
Sinne  auf  die  Verfasser  der  Aufsätze  einwirken,  was  leider  keines- 
wegs bisher  in  dem  Masse  geschieht,  wie  es  notwendig  wäre,  und 
könnten  sich  dadurch  den  Dank  aller  erwerben,  welche  heute  die 
Unsumme  technischer  Literatur  in  den  Zeitschriften  entweder  gar 
nicht  oder  nur  mit  grösster  Mühe  bewältigen  können.  Der  Wir- 
kungsgrad technischer  Zeitschriften  hängt  zum  grossen  Teil  von 
einer  solchen  auslesenden  Tätigkeit  der  Redaktionen  ab. 

Mr.  f.  J.  Bailey  (Great  Britain),  stressing  the  importance  of  a 
knowledge  of  foreign  languages,  said  it  was  essential  that  a  fuel 
technician  should  be  capable  of  reading  technical  German  and 
French,  whilst  knowledge  of  other  languages  was  also  valuable, 
so  that  he  could  readily  assimilate  the  information  available  with 
regard  to  the  work  carried  out  abroad.  He  should  also  possess  a 
reasonable  knowledge  of  conversational  French  or  German,  or 
both,  because  personal  contact  counted  for  so  much. 

Emphasising  the  necessity  for  fundamental  training  before 
specialisation  in  any  fuel  subject,  he  pointed  out  that  one  of  the 
most  important  sections  of  the  work  of  a  fuel  technician  was  the 
care  of,  and  the  interpretations  of  the  results  from,  measuring 
instruments  of  all  types  ;  and  fundamental  knowledge  was  essential 
in  that  connection.  It  seemed  to  him  that  the  fuel  man,  as  well  as 
the  chemical  engineer,  must  be  a  jack-of -all-trades,  and  must  be 
capable  of  looking  at  problems  not  only  from  the  technical  point 
of  view,  but  also,  which  was  of  equal  importance,  from  the  point 
of  view  of  the  works  cost  accountant. 

Mr.  a.  D.  Bailey  (U.S.x\.)  endorsed  Professor  Hinchley's  re- 
marks as  to  the  importance  of  training  in  fundamentals.  The 
employers  in  the  United  States,  he  said,  were  emphasising  that 
point  more  and  more,  and  were  impressing  it  upon  the  Professors 
at  the  universities  throughout  the  country.  Fundamental  education 
was  most  important;  specialisation  would  come  later.  The  view 
put  forward  by  Mr.  Kilburn  Scott  was  right.  The  appointment  of 
a  man  to  the  position  of  fuel  engineer  was  merely  a  step  forward 
in  his  life's  progress,  and  when  employers  in  the  United  States 
appointed  a  man  to  such  a  position  they  appointed  one  who  could 
do  something  else  than  deal  with  fuel  problems.  If  he  took  part 
in  the  social  and  civic  affairs  of  his  community  he  was  a  better  fuel 
engineer  and  a  better  man  in  consequence.    Further,  the  ability  to 
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handle  the  men  working  for  him.  and  the  men  for  whom  he  was 
working,  was  most  important.  Social  qualifications  were  important, 
as  well  as  technical  qualifications,  but  the  latter  were  a  means  to 
an  end.  Finally,  Mr.  Bailey  again  pleaded  for  more  fundamental 
training  in  colleges  and  universities;  specialisation  should  come 
afterwards. 

Mr.  F.  S.  Giller  (Great  Britain)  pleaded  the  cause  of  the  men 
engaged  in  the  actual  operation  of  steam  boilers,  coke  ovens,  gas 
furnaces  and  so  on— men  who  could  effect  greater  losses  of  fuel 
in  the  course  of  a  month,  through  ignorance  or  carelessness,  than 
the  designers  of  their  equipment  had  it  in  their  power  to  gain  in 
a  year.  In  his  opinion  something  very  necessary  was  lacking  be- 
tween the  few  technical  experts  who  designed  plants  and  the  many 
ordinär}-  workers  who  operated  them.  As  a  consulting  engineer 
associated  with  a  large  number  of  factories  in  Europe  and  America, 
he  had  often  been  impressed  by  the  enormous  waste  of  power  and 
fuel  that  resulted  from  having  complicated  and  beautiful  plant 
installed  and  tested  by  men  of  great  learning  and  experience, 
and  then  left  after  a  few  months  to  be  operated  by  men  who  did 
not  understand  the  fundamental  principles  upon  which  it  was 
designed. 

Whilst  he  agreed  with  much  that  had  been  said  regarding  the 
training  of  fuel  technicians  recruited  from  the  colleges,  he  was 
strongly  of  the  opinion  that  large  numbers  of  fuel  technicians 
should  be  recruited  from  the  shops.  Two  distinct  classes  of  men 
were  needed  for  the  efficient  use  of  fuel  in  industry.  There  was 
the  theoretical  man  who  ought  to  know  something  about  every 
class  of  fuel  in  existence,  and  the  practical  man  who  ought  to  know 
everything  about  some  class  of  fuel  in  his  own  line  of  work. 
The  theoretical  man  had  been  thoroughly  discussed  by  the  Confer- 
ence, but  the  practical  man  had  hardly  been  mentioned.  Practical 
men  were  needed. 

One  difficulty  nowadays  was  that  designers  and  managers  could 
not  talk  to  operators  in  a  language  which  they  understood.  He 
had  met  experts  who  could  talk  the  heads  ofï  himself  and  his 
assistants,  but  who  could  not  get  any  sympathy  or  understanding 
from  the  workers  in  front  of  the  furnace.  In  every  industry  one 
could  find  intelligent  and  ambitious  men,  keenly  interested  in  their 
work,  but  unable  to  see  much  chance  of  promotion  ahead  of  them. 
It  was  among  these  that  he,  personally,  would  look  for  the  most 
promising  fuel  technicians.  He  urged  that  more  attention  be  given 
to  provide  educational  and  other  opportunities  to  enable  such  men 
to  widen  their  interests,  advance  their  positions,  and  establish 
better  contact  between  the  workmen,  the  designers,  and  the 
managers  of  the  industries  with  which  they  were  associated.  Mr. 
Giller  expressed  disappointment  that  the  Fuel  Conference  had,  on 
the  whole,  dealt  with  its  problems  rather  too  much  from  the  point 

of  view  of  those  who  produced  and  distributed  power,  and  too 
little  from  the  point  of  view  of  those  who  consumed  it. 
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Professor  Loiret  (France),  speaking  in  French,  stressed  the 
importance  of  imparting  general  knowledge  to  students  of  fuel 
technology,  engineering  and  other  scientific  and  technical  subjects. 
He  had  known  men  who  had  been  first-class  mining  engineers,  but 
when  they  had  been  appointed  to  Directorates  they  had  realised 
that  they  did  not  possess  sufficient  general  knowledge  and  know- 
ledge of  the  humanities.  In  this  connection  Professor  Loiret  quoted 
a  statement  made  by  M.  Fayol,  to  the  efifect  that  when  an  engineer 
first  started  to  practise  in  his  profession  he  should  possess  90  per 
cent,  of  technical  knowledge  and  10  per  cent,  of  general  know- 
ledge, but  that  when  he  was  appointed  to  administrative  positions 
he  should  possess  10  per  cent,  of  technical  knowledge  and  90  per 
cent,  of  general  knowledge.  It  was  much  more  important,  under 
the  latter  circumstances,  to  be  able  to  handle  men  than  to  solve 
technical  problems. 

At  the  conclusion  of  the  discussion  a  hearty  vote  of  thanks  was 
accorded  the  authors  of  the  papers  contributed,  on  the  motion  of 
the  Chairman. 

On  the  motion  of  Mr.  W.  H.  Patchell,  a  vote  of  thanks  was 
also  accorded  the  Chairman,  the  Vice-Chairman  and  the 
General  Reporter. 
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CONTENTS 

THE  COAL  INDUSTRY COST  OF  MINING COAL  CLEANING COKE- 
OVENS BLENDING COKE-OVEN  GAS LOW-TEMPERATURE  CARBON- 
ISATION  IRON    AND    STEEL    WORKS FUEL    FOR    POWER    RAISING 

TRANSPORT ZUS  AMMENFAS  SUNG 

L  Fuel  forms  the  basis  of  all  operations  in  an  industrial  country. 
Water,  when  available  for  hydro-electric  plants,  has  been  called, 
quite  properly,  "white  coal." 

2.  In  this  paper  I  am  forced,  by  the  need  for  brevity,  to  confine 
my  remarks  to  Great  Britain,  and  to  that  fundamental  raw 
material — coal. 

3.  In  the  past,  owing  to  low  wages  and  plentiful  supplies,  coal 
was  wastefully  got  and  wastefuUy  used.  The  cheapness  of  the 
supply  increased  the  demand  and  the  absence  of  foreign  competi- 
tion allowed  us  to  create  an  important  export  trade.  To-day  the 
standard  of  living  among  the  miners  has  greatly  improved,  wages 
are  higher,  hours  are  shorter,  and  the  cost  of  coal  at  the  pit  head 
has  increased.  In  the  old  days  the  poorer  qualities  of  coal  were 
left  in  the  pit  or  dumped  at  the  pit  head — to-day  industrial  users 
have  developed,  and  are  still  further  developing,  methods  for 
efficiently  replacing  the  better  qualities  of  coals  by  slacks,  screen- 
ings, and  other  low  grade  coals.  This  means  that  less  coal  has  to 
be  mined. 

4.  Coal  mining  has  rapidly  developed  in  other  countries.  Full  use 
has  been  made  of  our  technique,  and  in  consequence,  a  greater 
general  efficiency  of  coal  mining  has  been  attained  abroad  than  at 
home.  Strong  competition  has  sprung  up  in  the  export  markets, 
fostered  during  the  War  years  by  our  inability  to  supply,  and 
since  the  War,  by  the  series  of  unfortunate  labour  troubles  which 
so  nearly  wrecked  our  great  staple  industry.     The  slump  in  the 
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heavy  industries  in  particular,  and  in  trade  generally  has  also  de- 
creased demand  j  trade  increases  are  coming  but  slowly,  and  it 
will  be  some  years  before  renewed  trade  activity  will  make  coal 
a  really  active  market  again. 

5.  The  present  stress  of  the  industrial  position  must  force  the 
closing-down  of  uneconomical  pits,  which  usually  have  a  large 
personnel  per  ton  of  coal  mined  ;  the  necessity  for  reducing  the 
cost  of  coal  at  the  pit  head  is  bringing  more  and  more  mechanical 
methods  into  mining  operations  and  so  reducing  the  number  of 
men  employed. 

6.  We  must  face  the  fact  that  for  many  years  we  cannot  put 
into  employment  as  many  men  as  were  at  one  time  employed, 
and  further,  that  with  improved  methods  there  is  the  probability 
of  a  still  further  reduction.  In  1913,  1,105,000  men  were  em- 
ployed in  the  coal  industry  and  287,000,000  tons  of  coal  were 
raised,  or  260  tons  per  man.  In  1927  the  average  number  of  men 
employed  was  961,000  (144,000  men  less  than  in  1913)  and 
241,000,000  tons  of  coal  were  raised,  or  251  tons  of  coal  per  man. 
In  June  1928  921,000  men  were  employed  in  the  industry.  The 
number  of  unemployed  miners  to-day  is  about  300,000,  and  it  is 
evident  that  these  men  cannot  be  re-absorbed  even  with  the  gradual 
revival  in  demand.  The  problem  of  unemployment  in  the  coal 
industry  has  ceased  to  be  a  problem  of  that  industry — it  is  a 
national  problem  and  is  faced  as  such  by  the  Government. 

7.  We  have  heard  much  of  competition  in  the  sale  of  coal.  The 
most  vociferous  complaint  has  been  of  competition  from  abroad. 
I  hold  that  the  greatest  competition  has  been  from  within.  Supply 
has  exceeded  demand  and  financial  weakness  has  driven  pits  to 
sell  at  any  price  to  prevent  closing  down  ;  in  consequence,  coal  has 
been  freely  sold  at  less  than  the  actual  pit  head  cost.  Such  a  state 
of  affairs  cannot  be  beneficial  in  the  long  run  even  to  the  user, 
and  it  is  most  satisfying  to  note  the  statesmanlike  and  broad- 
minded  way  in  which  coal  producers  are  getting  together  to 
rationalise  the  getting  and  distribution  of  coal. 

8.  Higher  coal  costs  have  forced  users  to  employ  more  economic 
and,  therefore,  more  scientific  methods.  In  the  past,  buyers  too 
often  only  looked  at  one  factor — price;  to-day  they  have  begun 
to  appreciate  variety  in  quality  and  suitability  of  the  fuel,  and 
further,  that  still  more  favourable  supplies  can  be  obtained  if 
their  necessities  are  made  known.  Technical  knowledge  is  be- 
coming of  ever  increasing  importance. 
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9.  I  would  conclude  these  general  remarks  by  stressing  the  fact 
that  into  whatsoever  branch  of  the  fuel  question  we  enquire,  there 
must  be  a  technical  understanding  of  the  fuel  to  be  used,  and  a 
technical  understanding  of  its  use.  The  old  rule  of  thumb 
methods  must  go.  We  all  have  appreciated  in  the  past  the  foreman 
or  leading  hand  whose  long  experience  gave  him  an  almost  un- 
canny flair  in  judging  the  quality  of  fuel  and  the  best  way  to  use 
it.  To-day  not  only  are  such  men  becoming  increasingly  rare,  but 
the  system  even  at  its  best  is  not  good  enough.  The  great  need  of 
the  fuel  industry  is  for  properly  trained  men,  educated  to  think  at 
all  times  thermally;  it  will  be  found  that  such  men  will  readily 
earn  the  good  salaries  they  should  properly  be  paid,  by  the  great 
savings  they  can  make.  I  would  strongly  urge  that  every  eflfort 
be  made  to  encourage  promising  men,  and  women  too,  to  take  up 
fuel  work  in  the  universities,  and  that  fuel  producers  and  users 
should  give  their  support  to  such  centres  of  education  by  offering 
openings  to  sound  technically-trained  students.  All  that  youth 
wants  is  a  chance  to  get  on.  If  the  demand  for  fuel  experts  is 
good  and  the  pay  adequate  a  supply  of  good  material  will  be 
forthcoming. 

10.  Coal  Getting. — Though  our  coal  industry  has  suffered  badly 
during  this  century,  we  have  many  natural  advantages  over  other 
countries.  The  quality  of  our  coal  stands  second  to  none,  it  is  in 
general  easier  to  get  than  coal  in  any  other  European  fields,  and 
in  most  cases  we  have  greater  facilities  for  export.  On  the  next 
page  will  be  found  an  indicative  table  showing  the  cost  of  getting 
coal  in  various  countries.  From  this  it. will  be  seen  that  Great 
Britain  is  not  fundamentally  handicapped  in  the  world  markets. 

11.  That  we  can  do  much  to  reduce  costs  is  appreciated  especi- 
ally in  the  larger  and  more  modern  mines.  I  recently  saw  the 
costs  of  a  large  colliery  in  the  Midlands  and  found  that  labour 
costs  had  been  reduced  from  5/6  per  ton  to  2/4  by  the  installation 
of  a  special  conveyor  working  at  the  coal  face.  Bigger  under- 
takings working  a  large  pit  or  a  series  of  pits  can  afford  to  inves- 
tigate and  install  the  most  suitable  form  of  mechanical  handling 
underground,  and  the  coal  industry  could  do  much  by  encouraging 
free  interchange  of  experience  and  results  between  their  managers 
and  technicians.  In  the  past  there  has  been  too  often  the  fear  of 
giving  something  away  to  a  competitor.  Mechanical  handling 
entails  expert  attention  and  good  workshops;  only  larger  mining 
units  can  afford  really  good  service. 
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12.  Sise  of  Coal. — It  is  usual  to  endeavour  to  mine  the  coal  as 
large  as  possible,  small  coal  and  slacks  not  having  a  ready  sale. 
Modern  methods  are  showing  that  these  smaller  coals  have  im- 
portant uses  and  their  value  will  be  enhanced  materially.  This 
demand  for  small  coal  will  reduce  the  cost  of  underground  work- 
ing, and  new  methods  of  getting  will  be  adopted  which  were  not 
permissible  in  the  past. 

13.  Coal  Grading  and  Cleaning. — Users  are  appreciating  the 
value  of  purchasing  coals  of  the  most  suitable  quality  and  grading 
for  their  purposes;  they  are  also  beginning  to  realise  that  the 
quantity  and  quality  of  ash  in  the  coal  is  a  very  important  factor 
in  the  economic  operation  of  their  processes.  It  is  uneconomic 
to  transport  ash,  a  substance  not  only  inert  but  in  every  way 
injurious,  from  pit  head  to  factory  or  household.  It  has  been 
estmated  that  if  all  coal  were  cleaned  to  a  reasonable  extent  at 
the  pit  head  there  would  be  a  saving  of  £800,000  per  annum  in 
transport  alone,  and  I  would  estimate  that  this  figure  could  be 
quite  well  trebled  if  the  other  savings  were  taken  into  account, 
such  as  decreased  labour,  better  working  of  fires,  decreased 
clinker  and  cinders,  etc. 

14.  Colliery  owners  are  also  appreciating  that  at  home,  and 
especially  abroad,  they  can  get  a  better  and  more  secure  market  if 
they  ofifer  a  clean  coal  of  even  quality.  Thus  it  is  becoming  a 
necessity  for  all  collieries  to  grade  and  clean  their  product. 

15.  Coal  cleaning  was  first  generally  introduced  to  meet  the 
demands  of  the  blast-furnace  operator  for  coke  low  in  sulphur  and 
phosphorus.  Wet  washing  was  adopted  and  has  proved  effica- 
cious  and  reasonably  cheap,  but  the  water  content  of  the  washed 
coal  and  the  presence  of  coal  slurry  in  the  effluent  from  the 
washeries  has  been  a  source  of  trouble.  These  difficulties  are 
being  overcome,  but  their  presence  caused  the  close  study  of 
methods  of  cleaning  by  air  currents.  The  dry  method  shows 
distinct  advantages  over  the  wet  and  works  out  lower  in  cost. 

16.  The  following  table  sets  out  an  estimate  of  the  costs  of 
cleaning  of  coal  and  the  enhanced  values  of  the  clean  coal  that 
would  have  to  be  obtained  to  repay  the  cost  of  cleaning. 

17.  Grading  is  in  general  use  at  collieries,  the  efficiency  of  the 
appliances  is  improving  and  the  requirements  are  being  met.  1 
append  a  table  showing  the  different  values  of  various  sizes  of 
coal  from  a  pit  in  the  Leeds  area. 
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30/- 

11/- 

22/- 

..        25/- 

18/-    . 

20/- 

16/- 

..    18/- 

12/9 

13/9 

12/-    . 

..    13/- 

10/-    . 

11/6 

8/- 

9/6 

8/- 

9/6 

V-        ■ 

8/- 
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TABLE  III. 

D.     YORKSHIRE  AND  DERBYSHIRE  COALFIELD 

(1)    LEEDS  (AT  PIT)  :  — 

West    Yorkshire    Selected    House    Coals 

Best    House    Coal  

Secondary  House  Coal       

Secondary  House  Nuts      

Washed  Doubles  

Washed  Singles  

Washed   Rough    Slack       

Washed   i-in.    Slack  

Dry  Rough  Slack 

Dry   i-in.   Slack 

18.  It  will  be  seen  that  the  smaller  sizes  of  coal  command  a 
considerably  lower  market  price,  and  one  of  the  chief  problems 
of  the  colliery  owner  has  been  how  to  develop  means  for  improv- 
ing the  market  value  or  of  treating  such  small  coals  and  con- 
verting them  into  more  valuable  products. 

19.  Coke  Ovens.— T\\&  smelting  of  iron  in  blast  furnaces  has 
created  a  demand  for  hard  coke  with  as  low  percentages  as 
possible  of  impurities,  especially  phosphorus  and  sulphur.  In 
the  past  such  coke  ovens  have  usually  been  erected  at  the  pit  head, 
and  too  often  in  such  small  units  that  economical  working  has  not 
been  possible.  Since  the  War  great  development  has  occurred  in 
coke-oven  practice,  especially  in  America,  Germany,  and  France. 
Silica  brick  has  been  used  in  construction,  higher  temperatures 
with  consequent  shorter  coking  times  have  been  possible,  and  the 
output  of  coke  per  oven  per  day  has  been  doubled  and  trebled. 
These  improvements  have  also  led  to  better  yields  of  coke  and 
by-products,  and  the  heating  being  more  efficient,  the  amount  of 
surplus  gas  available  has  been  increased.  The  quicker  coking 
times  have  given  a  more  combustible  coke,  still  sufficiently  hard; 
and  although  the  percentage  of  very  big  pieces  is  less,  the  general 
size  is  far  more  even.  Pure,  readily  combustible,  even-sized  coke 
is  what  the  blast  furnace  operator  finds  best  for  his  purpose. 
Such  a  coke  is  the  product  of  the  modern  oven. 

20.  It  has  also  been  shown  that  small  units  of  coke  ovens  are 
uneconomical,  and  if  possible,  the  largest  possible  units  capable  of 
being  worked  by  a  shift  of  men  and  one  set  of  machines  should 
be  installed  at  one  time.  With  large  ovens  this  unit  is  from  800 
to  1,200  tons  of  coal  per  twenty-four  hours.    Such  an  installation 
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will  show  economies  of  4/-  to  7/-  a  ton  over  the  older  ovens  built 
in  small  units.  It  is  only  a  very  large  pit  that  can  yield  a  con- 
tinuous supply  of  1,000  tons  of  slack  coal  a  day,  and,  in  conse- 
quence, combinations  of  pits  for  the  purpose  of  a  centralised 
coaling  and  coking  plant  is  essential.  Another  advantage  of  the 
quick  coking  oven  is  the  fact  that  many  semi-caking  coals  can 
now  be  used  to  make  a  satisfactory  hard  coke. 

21.  Blending. — ^During  the  last  great  coal  strike  large  quantities 
of  foreign  coke  were  imported  into  this  country,  and  although  the 
ash  content  in  many  cases  was  higher  than  the  average  with 
British  cokes,  it  was  found  that  the  foreign  coke  was  more  even 
in  quality  and  so  gave  more  consistent  results  in  the  blast  furnaces. 
Most  of  the  foreign  coke  was  made  from  a  blending  of  coals  in 
order  to  get  this  even  quality,  and  undoubtedly  coke  makers  in  the 
future  will  have  to  study  closely  the  problems  of  blending  and 
adopt  such  processes  where  their  seams  of  coal  vary  considerably. 

22.  Some  coals  swell  unduly  in  coking  and  give  trouble  in  the 
ovens.  These  can  be  blended  with  semi-coking  or  non-coking  (and 
usually  cheaper)  coals  and  improved  working  obtained.  There  is 
much  research  work  to  be  done  on  these  lines  and  the  financial 
results  will  well  pay  for  it. 

23.  Coke  made  in  Ovens  for  other  purposes. — It  has  been  found 
that  coke  made  in  ovens,  suitably  graded,  has  a  ready  sale  for 
other  industrial  purposes  and  for  domestic  use.  The  low  per- 
centages of  ash  and  water  usually  present  in  such  coke  make  it 
an  excellent  fuel  and  it  will  certainly  become  a  strong  competitor 
to  anthracite  for  central  heating  and  similar  purposes.  In  America 
coke-oven  coke  is  being  used  very  largely  in  place  of  anthracite. 

24.  Another  interesting  development  is  the  manufacture  of  a 
coke  with,  say.  up  to  6  per  cent,  to  8  per  cent,  of  volatiles  in  coke 
ovens,  which  will  burn  readily  in  an  open  grate  with  flame  but  no 
smoke.  It  appears  that  such  a  fuel  will  be  a  strong  competitor  to 
low-temperature  fuels  ;  the  cost  of  its  manufacture  should  be  low, 
and  its  cleanness  and  hardness  should  recommend  it  to  the 
general  public.  A  caking  coal  is  blended  with  a  non-caking  coal 
in  such  proportions  that  the  resinous  compounds  of  the  caking 
coal  are  absorbed  by  the  non-caking  particles.  This  gives  rapid 
coking  and  provides  a  product  which  can  be  readily  pushed  from 
the  oven  while  still  containing  6  per  cent,  to  8  per  cent,  of 
volatiles.  The  economy  of  the  process  depends  on  the  availability 
and  lowness  of  price  of  supplies  of  caking  and  non-caking  coals. 
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25.  Cokc-Oz'cn  Gas.  Too  often  in  the  past  it  has  not  been  found 
possible  to  make  use  of  the  surplus  gas  resulting  from  the  car- 
bonisation of  slacks  in  coke  ovens.  It  has  been  used  on  boilers 
and  for  various  power  purposes  about  the  works,  but  still  too 
often  it  has  had  to  burn  to  waste.  Gas  not  being  the  primary 
product,  in  the  older  types  of  ovens  no  provision  was 
made  to  keep  it  of  good  even  quality.  The  modern  oven  is 
built  to  prevent  leaks  and  to  conserve  all  by-products.  The  gas 
output  is,  therefore,  low  in  inerts,  of  even  quality  and  of  a  very 
suitable  calorific  value   for  general  distribution. 

26.  It  immediately  becomes  evident  that  such  gas  should  be 
fully  utilised  and  the  best  value  obtained  for  it.  The  most 
evident  outlet  is  to  industrial  enterprises  which  can  be  suitably 
located  near  the  coke  ovens.  I  will  deal  with  this  later.  The 
other  outlet  is  to  gas  undertakings,  situated  within  reasonable 
distances  of  the  ovens,  for  distribution  in  their  areas  of  supply. 
Gas  undertakings  operate  under  most  stringent  conditions  for  the 
supply  of  gas,  and  in  the  past,  quite  properly,  have  been  reluctant 
to  depend  on  concerns  outside  their  own  jurisdiction  for  the 
supplies,  w^hich  must  vary  in  quantity  as  desired,  must  be  of 
absolute  standard  quality  and  which  can  be  as  surely  relied  on  as 
their  own  carbonising  plant  in  the  gasworks. 

27.  The  national  and  local  economies  that  can  be  effected  by 
making  use  of  surplus  coke  oven  gas  have  been  recognised.  The 
two  sides — gas  undertakings  and  coke-oven  owners — have  got 
together,  model  clauses  of  agreement  have  been  drawn  up,  and  it 
looks  as  if  gas  undertakings  will  be  able  to  obtain  a  cheaper,  yet 
as  constant  and  flexible,  supply  as  their  own,  and  that  coke-oven 
owners  will  be  able  to  obtain  another  satisfactory  source  of 
revenue. 

28.  There  has  been  a  good  deal  done  abroad  with  the  installa- 
tion of  bus  mains  to  collect  and  distribute  coke-oven  gas  over  long 
distances  and  large  areas.  In  Lancashire,  Yorkshire,  and  the 
Midlands,  we  have  a  most  favourable  district  for  such  a  develop- 
ment. The  Government  should  make  an  investigation  as  to  the 
possibilities  of  such  a  proposal.  A  closely  examined  and  well 
balanced  national  scheme  would  do  much  to  elucidate  and  meet 
the  problems,  and  would  provide  a  means  for  the  more  efficient 
supply  of  energy  in  the  form  of  gas,  and  would  result  in  increased 
prosperity  to  the  industries  concerned. 
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29.  Other  Coke-oven  By-products. — The  recent  Budget  must 
have  a  beneficial  effect  on  the  by-product  side  of  coke  oven 
working.  The  value  of  benzol  and  similar  light  oils  v^ill  be 
enhanced  and  their  increased  production  per  ton  of  coal  will  form 
the  subject  of  research.  There  is  much  to  be  done,  and  I  trust 
joint  action  will  be  taken  by  the  industry.  Ammonia  is  no  longer 
the  good  source  of  revenue  that  it  was,  but  the  Sulphate  of 
Ammonia  Association  is  doing  much  to  popularise  its  use  as  a 
fertiliser. 

30.  Other  Uses  for  the  Colliery  Small  Coal. — The  cleaning  of 
smalls  will  enhance  their  value.  The  ever-increasing  development 
of  powder  firing  will  increase  the  demand.  Clean  coal  will  stand 
longer  railway  freights,  and  the  problems  of  powdered  coal  firing 
are  lessened  directly  in  proportion  to  the  lowering  of  the  ash 
content  in  the  coal.  It  looks  as  if  powdered  coal  firing  can  replace 
oil  for  firing  marine  boilers.  The  Government  and  the  colliery 
owners  are  taking  a  great  interest  in  this  work  and  encouraging 
results  should  soon  be  available.  A  new  market  could  be  created 
and  the  money  now  sent  abroad  to  pay  for  bunker  oil  would 
remain  at  home  to  assist  our  colliery  undertakings. 

31.  In  the  working  of  coal  and  in  the  operation  of  cleaning 
plants  (especially  from  the  middlings  cut)  there  is  usually  a  large 
amount  of  coal  produced  very  high  in  ash.  This  material  has  a 
very  low  value,  and  railway  freightage  on  it  becomes  high  when 
reckoned  on  the  calorific  basis.  The  best  use  that  can  be  made  of 
this  fuel  is  for  steam  raising  and  the  best  place  to  use  it  is  where 
it  is  produced. 

32.  Unification  of  collieries  make  central  power  stations  an 
economical  factor;  this  low-grade  fuel  can  be  used  at  such  stations, 
and  electricity  generated  at  a  very  low  cost.  Now  that  a  national 
grid  of  electricity  supply  is  being  installed  it  becomes  at  once 
apparent  that  there  should  be  a  means  by  which  these  low-grade 
fuels  could  be  utilised.  Say  that  a  central  colliery  power  house 
was  producing  20,000  kW.  per  hour  for  its  own  purposes,  it  could 
at  a  very  low  cost  produce  another  20,000  to  40,000  k\\.  per  hour, 
with  practically  no  increase  in  labour  or  supervision;  the  only 
costs  would  be  capital  charges,  stores  and  low-grade  fuel,  which 
would  probably  have  a  nominal  value  of  2/-  to  4/-  per  ton. 

33.  If  the  collieries  could  get  .25d.  to  .3d.  per  unit  it  would  pay 
them  to  install  the  extra  plant  in  order  to  get  rid  of  the  surplus 
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low-grade  fuel.  Collieries  often  would  be  nearer  the  centres  of 
consumption  than  the  super  power  stations  and  so  distribution 
costs  could  be  lowered.  The  value  per  unit  would  depend  on  the 
load  factor  agreed  on;  the  colliery  owners  could  undoubtedly 
help  this  important  factor  by  making  arrangements  in  their  under- 
takings to  utilise  for  their  own  purposes  as  much  power  as  possible 
in  the  periods  of  ofï  peak  loads. 

34.  Low-Temperature  Carbonisation. — Another  outlet  for  the 
slacks  from  coking  coals  is  to  treat  them  in  some  form  of  appara- 
tus heated  to  low  temperatures  (up  to  600°C.),  making  a  smokeless 
fuel  and  recovering  considerable  quantities  of  tar  oils,  which 
would  be  available  for  fuel  oil  and  internal  combustion  engine 
purposes.  Much  has  been  said  on,  and  promised  for,  this  develop- 
ment ;  comparatively  very  Httle  has  yet  been  accomplished.  It  is 
impossible  to  deal  with  the  multitude  of  processes,  but  it  may  be 
taken  that  a  considerably  higher  price  must  be  obtained  for  the 
resultant  fuel  than  would  be  obtainable  for  coke  if  the  same  coal 
had  been  treated  in  high  temperature  processes  (coke-ovens,  gas 
retorts,  etc.).  This  is  a  severe  burden.  Energetic  and  unbiassed 
work  is  being  done  at  present  in  this  country  on  this  problem. 
During  the  next  few  years  much  will  be  learned.  A  severe  draw- 
back to  getting  exact  knowledge  of  the  financial  possibilities  of 
processes  is  that  maintenance  charges  might  well  be  the  determin- 
ing factor.  Until  a  plant  has  been  in  operation  from  three  to  five 
years  it  is  not  possible  to  determine  the  cost  of  maintenance  per 
ton  of  coal  treated. 

35.  Gaszvorks. — Gas  undertakings  carbonise  coal  with  the 
primary  object  of  obtaining  a  gas  suitable  for  distribution  at  the 
lowest  cost.  The  efficiency  of  their  operations  has  increased 
rapidly  over  the  last  decade,  and  in  general  practice  an  82  per 
cent,  figure  is  obtained.  This  figure  might  be  increased  by  a 
further  5  per  cent.,  but  only  by  the  closest  technical  supervision 
and  development.  The  use  of  gas  is  steadily  increasing  and 
domestic  and  industrial  consumers  are  continually  finding  fresh 
benefits  by  turning  from  solid  to  gaseous  fuel.  The  following  is 
an  estimate  of  the  value  of  gas  compared  with  the  value  of  solid 
fuel  per  thermal  unit  for  various  purposes,  which  I  put  forward 
at  the  First  World  Power  Conference  in  1924. 

If  we  roughly  divide  the  industrial  users  of  gas  into  the  following 
three  classes  :  — 

1411 


ECONOMIC  POSSIBILITIES 

1.  The  industries  in  which  the  use  of  gas  presents  such  advan- 

tages that  cost  does  not  seriously  matter  ; 

2.  The  industries  in  which  the  fuel  cost  is  an  item,  but  where 
consideration  of  transport,  storage,  ground  space,  labour,  and 
the  advantages  given  by  a  gaseous  fuel  are  prominent;  and 

3.  The  industries  in  which  fuel  cost  is  a  major  item, 

— then  I  estimate  that  it  would  pay  the  industries  to  use  gas,  in 
Case  1  at  a  price  per  therm  from  ten  to  twenty  times  that  of  raw 
coal  per  therm  ;  in  Case  2  at  a  price  per  therm  from  five  to  ten 
times  that  of  coal  ;  and  in  Case  3  at  a  price  per  therm  from  three 
to  six  times  that  of  coal. 

36.  Gas  undertakings  are  appreciating  to  an  increasing  degree 
the  importance  of  their  supplies  of  coal.  Price  is  no  longer  the 
ruling  factor;  the  ash  content  is  now  closely  noted  and  coal  is 
being  bought  on  a  calorific,  volatile  and  ash  content  basis.  Closer 
working  is  necessary  between  colliery  owners  and  gas  producers, 
better  results  and  so  cheaper  gas  would  result  from  such. 

Z7 .  The  economy  in  the  use  of  gas  is  very  high  and  the  service 
that  the  industry  has  given,  and  is  giving,  to  the  nation  is  beginning 
to  be  more  fully  appreciated. 

38.  During  the  last  few  years  gas  undertakings  have  turned  their 
attention  especially  to  coke  sales.  It  has  not  been  appreciated 
sufficiently  in  the  past  that  the  revenue  from  coke  is  a  big  factor 
in  the  balance  sheet  and  that  this  revenue  can  be  greatly  enhanced 
by  studying  the  problems  of  preparation,  grading,  delivering,  and 
popularising  coke.  Clean  coal  gives  a  clean  and  easily  ignitable 
coke.  Constant  quality  and  suitable  sizing  makes  the  fuel 
acceptable  to  the  user,  and  every  gas  undertaking,  by  taking 
thought  and  trouble,  should  be  able  to  dispose  of  all  the  coke 
equivalent  to  its  gas  output  in  its  own  area.  The  by-product  tar 
should  receive  closer  study — supply  is  often  greater  than  demand 
— and  with  a  surfeited  market,  prices  drop  below  its  value  compared 
to  other  coal  products.  Tar  cracking  should  receive  more  atten- 
tion, benzol  and  the  lighter  oils  would  find  a  constant  market  ; 
pitch  coke  is  a  commodity,  the  demand  for  which  would  be 
greatly  increased  iS  there  were  an  assured  supply. 

39.  Iron  and  Steelworks. — It  is  the  general  policy  in  America 
and  Germany  to  combine  coke  ovens  with  iron  and  steel  works. 
This  policy  has  not  been  usually  adopted  in  this  country,  but  the 
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tendency  is  to  realise  that  economies  do  result  from  such  com- 
bination.    Blast  furnaces  require  coke  and  produce  a  low-grade 
combustible  gas  as  a  by-product;  steelworks  require  heat,  prefer- 
ably in  the  form  of  gas  for  steel  melting,  ingot  heating,  etc.  ;  . 
both  works  require  power  for  their  various  operations. 

40.  Blast  furnaces  do  not  provide  sufficient  low-grade  gas,  nor 
is  its  quality  suitable  for  all  the  purposes  of  a  thermally  balanced 
iron  and  steel  factory.  If  sufficient  coke  ovens  are  installed  near 
the  iron  and  steel  works  to  provide  the  full  quantity  of  coke 
needed  in  the  blast  furnaces,  the  coke  ovens  will  provide  an  ideal 
fuel  in  the  form  of  gas  for  the  steel  furnaces,  etc.,  but  there  will 
be  a  surplus  of  gaseous  fuel  available  in  the  plant  as  a  whole. 

41.  The  best  economy  would  seem  to  be  to  erect  coke  ovens  at 
the  blast  furnaces  of  sufficient  size  that  the  coke-oven  gas,  to- 
gether with  the  blast-furnace  gas,  will  provide  all  the  heating 
requirements  of  the  joint  operations.  The  remaining  coke  re- 
quired for  the  blast  furnaces  would  be  purchased  from  outside. 

42.  The  iron  and  steel  industry  have  set  up  a  strong  organisation, 
most  ably  led  and  wholeheartedly  served,  to  investigate  fuel 
economy  in  iron  and  steel  works.  Bigger  funds  at  the  disposal  of 
this  organisation  would  make  its  findings  and  development  more 
quickly  available  to  those  in  charge  of  operation.  The  fullest 
co-operation  and  interchange  of  ideas  between  manufacturers 
would  benefit  the  industry  as  a  whole.  The  close  appreciation  and 
co-ordination  of  operating  costs  and  methods  would  encourage 
efficiency  and  incite   friendly   rivalry  between  concerns. 

43.  It  is  self-evident  that  the  main  requirement  of  these  two 
industries  is  a  constant  fuel  of  the  requisite  quality.  Clean,  even- 
sized  coke  for  the  blast  furnaces,  suitable  gas  of  even  quality  and 
pressure  for  the  steelworks  and  power  plants. 

44.  Fuel  for  Power  Raising. — The  production  of  electricity  has 
received  the  closest  attention  in  every  country.  Great  economies 
have  been  effected  and  high  efficiencies  obtained.  The  central 
super-power  station  connected  with  a  grid  of  high-tension  distri- 
buting mains  has  been  accepted  as  a  national  policy.  Very  low 
costs  will  be  obtained  at  these  central  stations^  but  over  all  effi- 
ciencies of  25  per  cent,  will  only  be  attained.  The  great  invention 
that  as  yet  lies  dormant  is  the  development  of  prime  movers  to 
give  50,  60,  and  80  per  cent,  efficiency.  It  would  seem  that 
technicians  have  accepted  approximately  the  present  limits  and 
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concern  themselves  with  ^  per  cent,  or  1  per  cent,  increases 
instead  of  going  all  out  for  some  radical  change  in  principles  and 
the  achievement  of  something  more  nearly  approaching  the 
ultimate  in  changing  the  form  of  the  energy  from  dormant  in  the 
fuel  to  active  in  steam  and  electricity. 

45.  I  have  dealt  above  with  the  advantages  that  would  be  ob- 
tained by  using  the  facilities  of  the  national  electric  grid  system 
for  the  collecting  of  cheap  electric  current  generated  at  collieries, 
and  I  would  emphasise  the  necessity  for  the  closest  unbiassed 
investigation  of  all  probable  schemes  of  this  nature. 

46.  The  General  User. — The  small  industrial  user  of  fuel  gener- 
ally does  not  obtain  high  efficiencies  from  his  plant.  I  have 
suggested  that  educational  institutions  should  make  their  technical 
facilities  available  for  the  benefit  of  the  fuel  user  who  is  not 
operating  on  a  sufficiently  large  scale  to  warrant  keeping  a  trained 
staff.  There  would  be  a  benefit  arising  to  the  students  and  pro- 
fessors, there  would  be  an  increased  efficiency  in  the  use  of  fuel 
and  so  a  financial  benefit  to  the  industrial  community.  It  can  be 
agreed  that  for  power  requirements  electricity  should  be  taken 
from  the  central  distributor  w^herever  feasible,  and  that  for  heat- 
ing, gas  should  be  used,  or  a  smokeless  fuel  such  as  coke  (high  or 
low  temperature).  In  the  past  gas  undertakings  have  not  been 
able  to  make  such  special  terms  with  large  users  as  would  warrant 
the  use  on  a  large  scale  of  this  ideal  fuel.  Legislation  is  being 
introduced  that  will  remedy  this,  and  I  would  urge  that  the 
strongest  publicity  should  be  given  by  gas  undertakings  as  to  the 
possibilities  of  the  extension  in  the  use  of  gaseous  fuel,  and 
further,  that  all  industrial  concerns  should  ask  local  gas  under- 
takings for  technical  reports  to  meet  their  special  requirements. 

47.  Transport. — The  Government,  following  the  recommenda- 
tion of  the  Samuel  Coal  Commission,  have  set  up  a  Standing 
Committee  to  investigate  the  problems  of  mineral  transport.  This 
committee  is  working  at  its  job  and  getting  an  appreciation  of  the 
various  problems,  finding  out  the  snags,  and  will  undoubtedly 
make  definite  remedial  proposals. 

48.  The  comparison  of  transport  costs  in  Great  Britain  and 
Germany  are  interesting  (Table  IV). 

49.  The  charges  for  demurrage  in  England  and  the  Continent 
also  make  one  think  (Table  V). 
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TABLE    IV. 
AVERAGE     RATES     PER    TON     FOR    CONVEYANCE     OF    COAL 
IN    GREAT    BRITAIN    AND    GERMANY 


Great  Britain. 

Germany. 

Landsale. 

Shipment. 

General 
Tariff. 

Preferential 

Industrial 

Tariff. 

50  miles 
100  miles 
200  miles 

5/4 

8/6 

■ 

13/8 

3/11 

6/5 

11/11 

4/3 
6/10 
11/8 

3/8 

5/8 

10/1 

Note. — German  rates  do  not  include  colliery,  siding  and  shunting  charges; 
coal  has  to  be  brought  from  the  pit  to  the  Companies'  lines  by  the  colliery 
owner. 

50.  The  question  of  greater  storage  for  coal,  quicker  turn  round 
of  traffic,  supply  of  locomotives,  bigger  wagons,  unloading  and 
blending  facilities,  are  all  receiving  attention,  those  interested  are 
being  consulted,  and  I  believe  all  concerned  are  anxious  to  co- 
operate and  so  produce  better  results  and  lower  costs. 

51.  National  Fuel  and  Pozver  Committee. — The  Government  has 
set  up  another  committee,  following  the  Samuel  Coal  Commission. 
This  committee  has  sat  regularly,  has  heard  much  evidence  and  will 
shortly  be  presenting  its  first  Report.  It  has  been  possible  to 
appreciate  the  special  viewpoints  of  the  fuel  producer  and  the 
various  types  of  fuel  users.  This  committee  is  always  willing  to 
hear  proposals  or  criticisms  from  bodies  representing  the  various 
interests.  It  is  to  be  hoped  that  this  factor  in  fuel  development  will 
continue  to  be  made  use  of. 

In  brief,  the  policy  which  I  have  outlined  in  this  paper  may  be 
summarised  as  follows  : — 

(A)  It  is  necessary  that  both  the  producers  and  consumers  of 
fuel  should  avail  themselves  of  the  specialised  knowledge  of 
technically  trained  men.  There  must  be  understanding  of  fuel 
qualities  and  knowledge  as  to  its  economic  utilisation.  {Para- 
graph 9.) 

(B)  The  producers  must  get  together  to  rationalise  the  raising 
and  distribution  of  coal.  Large  concerns  which  can  best  avail 
themselves  of  mechanical  handling  and  expert  knowledge  are  in 
the  most  favoured  position  for  reducing  costs  of  production. 
(Paragraphs  7,  8  and  11.) 
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(C)  Every  effort  should  be  made  to  encourage  producers  to 
supply  clean  coal.  This  not  only  helps  the  purchaser  to  utilise 
the  fuel  to  the  maximum  effect  with  the  minimum  expense  but  also 
ensures  to  the  producer  of  coal  a  better  and  more  secure  market. 
{Paragraphs  13,  14,  15  and  16.) 

(D)  All  coal  should  be  graded  at  the  colliery,  and  in  order  that 
the  underground  working  costs  may  be  reduced,  modern  methods 
for  the  utilisation  of  the  smaller  sizes  should  be  followed,  resulting 
in  enhanced  value  of  these  hitherto  less  valuable  grades.  {Para- 
graphs 17  and  18.) 

(Ej  Post-war  developments  in  coke-oven  practice  have  shown 
the  economies  which  result  from  the  operation  of  large  units. 
The  best  results  are  obtained  in  working  units  of  from  800  to 
1.200  tons  of  coal  per  twenty-four  hours  in  quick  coking  ovens, 
situated,  if  necessary,  at  a  centralised  position  in  relation  to  the 
various  sources  of  supply.    {Paragraphs  19  and  20.) 

(F)  In  many  cases  coke  quality  from  a  coke-oven  plant  can  be 
improved  by  blending  suitable  coals  together.  This  makes  it 
possible  to  carbonise  non-coking  coals,  thus  increasing  the  range 
of  coals  available.  From  blended  coals  it  is  also  possible  to 
produce  an  alternative  to  low-temperature  fuel,  in  the  form  of  a 
smokeless  free-burning  fuel  which  should  be  cheap  to  produce. 
{Paragraphs  21,  22,  23,  and  24.) 

(G)  The  surplus  gas  resulting  from  the  carbonisation  of  coal  in 
modern  coke  ovens  should  be  utilised  wherever  possible  for 
industrial  or  domestic  needs.  By  co-operation  between  coke-oven 
owner  and  gas  undertaking  it  should  be  possible  to  arrange 
satisfactory  conditions  of  supply.    {Paragraphs  25,  26,  and  27.) 

(H)  There  is  a  need  for  a  Government  investigation  into  the 
possibilities  of  the  installation  of  bus  mains  to  collect  and  distri- 
bute coke-oven  gas  over  long  distances  and  large  areas,  such,  for 
example,  as  Lancashire,  Yorkshire,  and  the  Midlands.  {Para- 
graph 28.) 

(I)  The  ever-increasing  demands  of  pulverised  fuel  firing  will 
lead  to  an  enhanced  value  of  cleaned  small  coals,  the  use  of  which 
obviates  many  of  the  difficulties  associated  with  the  process.  The 
possible  use  of  pulverised  fuel  for  marine  boiler  work,  which  may 
lead  to  a  reduction  in  demand  for  bunker  oils,  will  be  watched 
with  great  interest.    {Paragraph  30.) 
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(J)  In  connection  with  the  electricity  grid  schemes  consideration 
should  be  given  to  the  possible  utilisation  of  the  low  grade  fuels, 
produced  in  the  cleaning  of  coals  for  the  generating  of  electric 
power  in  stations  erected  at  the  collieries  to  obviate  the  transport 
of  the  low-grade  fuels.     {Paragraphs  32  and  33.) 

(K)  Much  has  been  said  and  promised  in  the  past  concerning 
low-temperature  carbonisation,  but  comparatively  little  has  yet 
been  accomplished.  The  results  of  the  energetic  work  which  is 
being  done  in  this  country  at  the  present  time  will  be  awaited 
with  interest.  The  disadvantage  hitherto  has  been  the  high  price 
of  the  solid  fuel  in  relation  to  the  products  from  the  well-estab- 
lished high-temperature  processes.     {Paragraph  34.) 

(L)  The  gas  industry  should  pay  increased  attention  to  their 
coke  sales.  Clean  coal  gives  a  clean  and  easily  ignitible  coke. 
Constant  quality  and  suitable  sizing  makes  the  fuel  acceptable  to 
the  user,  and  every  gas  undertaking,  by  taking  thought  and  trouble 
should  be  able  to  dispose  of  all  the  coke  equivalent  to  its  gas  output 
in  its  own  area.     {Paragraph  38.) 

(M)  Gas  undertakings  should  be  enabled  to  make  such  terms 
with  the  large  scale  users  of  gas  as  would  encourage  its  general 
utilisation  in  industry.     {Paragraph  46.) 

(N)  An  increase  in  the  number  of  combined  coke-oven  and  iron 
and  steel  works  in  this  country  would  lead  to  economies.  The 
installation  of  coke  ovens  near  the  iron  and  steel  works  provides 
an  ideal  fuel  for  steel  furnaces  in  a  form  of  coke-oven  gas. 
{Paragraphs  39,  40,  and  41.) 

(O)  Greater  financial  backing  to  the  admirable  Fuel  Research 
Organisation  set  up  by  the  iron  and  steel  industry  would  make  its 
findings  and  development  more  quickly  available  to  those  in 
charge  of  operation.     {Paragraph  42.) 

(P)  A  general  speeding  up,  reduction  of  costs,  and  greater 
facilities  in  the  transport  of  fuel,  subjects  which  are  being  closely 
examined  by  the  Government  Standing  Committee  on  Minerals 
Transport,  will,  when  attained,  have  a  beneficial  efl:ect.  {Para- 
graph 47.) 

ZUSAMMENFASSUNG 

Es  ist  nötig,  dass  sich  sowohl  die  Brennstoff-Erzeuger  wie  die  -Verbrauchet 
die  speziahsierten  Kenntnisse  technisch  geschulter  Leute  sichern.  Die  Erzeuger 
müssen  sich  zusammenschliessen  und  die  Gewinnung  und  Verteilung  der  Kohle 
rationalisieren.  Es  sollte  jede  Anstrengung  gemacht  werden,  um  die  Erzeuger 
zu  ermutigen,  gereinigte  Kohle  zu  liefern.     Alle  Kohle  sollte   an   der   Grube 
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sortiert  werden.  Nachkriegsentwicklungen  haben  Ersparnisse  aufgewiesen, 
die  durch  den  Betrieb  von  Koksöfen  in  Einheiten  von  800  bis  1000  englischen 
Tonnen  täglich  erzielt  wurden,  die  sich  nötigenfalls  an  in  Bezug  auf  die  ver- 
schiedenen Versorgungsquellen  zentral  gelegenen  Stellen  befinden.  Mischen 
erhöht  in  vielen  Fällen  die  Güte  des  Kokses.  Das  bei  der  Vergasung  von 
Kohle  in  modernen  Koksöfen  entstehende  überschüssige  Gas  sollte  womöglich 
immer  zu  industriellen  und  häuslichen  Zwecken  verwendet  werden.  Die 
Verteuerung  von  Staubbrennstoff  wird  die  Nachfrage  nach  gereinigter  Fein- 
kohle steigern.  Eine  Vermehrung  der  Anzahl  kombinierter  Koksöfen  und 
Eisen-  und  Stahl- Werke  in  Grossbritannien  würde  zu  Ersparnissen  führen. 
Die  Errichtung  von  Koksöfen  in  der  Nähe  der  Eisen-  und  Stahlwerke  liefert 
einen  idealen  Brennstoff  für  Stahlöfen  in  der  Form  von  Koksofengas. 
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available  gases — general  conclusions — resume 

Exposé 

D'après  le  Professeur  W.  A.  Bone,  Sir  Robert  Hadfield  et  M. 
Alfred  Hutchinson,  personnalités  anglaises  d'une  compétence 
indiscutée,  l'idéal  pratique  de  l'économie  de  combustible  dans  la 
fabrication  de  l'acier  correspond  à  une  consommation  d'au  plus 
1,75  tonnes  de  bon  charbon  à  coke  par  tonne  d'acier  laminé  fini,  pour 
une  usine  moderne  comprenant  fours  à  coke,  hauts-fourneaux, 
aciérie  Martin  basique  et  laminoirs,  convenablement  groupés  et 
placés  sous  une  direction  unique. 

A  partir  de  ce  postulat,  nous  allons  rechercher  les  conditions 
qui  permettent  de  ne  pas  dépasser  ce  chiffre  de  consommation  de 
houille.  Nous  indiquerons  également  les  mesures  qu'une  expérience 
de  plusieurs  années  nous  permet  de  recommander  comme  les 
meilleures  pour  parvenir  à  ce  même  résultat.^ 

Notons,  en  premier  lieu,  qu'on  recommande  la  création  de  fours 
à  coke  à  proximité  des  hauts-fourneaux  et  des  fours  Martin. 

Deux  raisons  techniques  majeures  militent  en  faveur  de  cette 
combinaison,  savoir: 

iCh.  Berthelot — Les  combustibles  dans  l'Industrie  Moderne. — Encyclopédie 
Guillet. — Baillières,   éditeurs.   Editions    1928. 
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1° — En  prenant  place  dans  l'usine  métallurgique,  les  fours  à  coke 
apportent  avec  eux  de  larges  disponibilités  de  calories  sous  la  forme 
d'un  gaz  dont  le  pouvoir  calorifique  est  près  de  cinq  fois  plus  élevé 
que  celui  du  gaz  de  haut-fourneau.  Ce  haut  "potentiel  thermique" 
le  destine  aux  usages  qui  réclament,  outre  une  temperature  élevée, 
une  atmosphère  non  oxydante:  tels  sont  l'élaboration  de  l'acier  et 
les  réchauffages  nécessités  par  le  laminage,  certains  traitements 
thermiques,  etc.  Par  le  fait  même,  ce  n'est  qu'exceptionnelle- 
ment que  le  gaz  de  fours  à  coke  concourra  directement  à  la 
production    de   la  force  motrice. 

2° — Si  perfectionnés  que  soient  les  gazogènes  employés  aujourd'hui 
dans  les  aciéries,  ils  ne  permettent  pas  de  récupérer  le  goudron, 
l'ammoniaque  et  le  benzol  provenant  des  houilles  bitumineuses  qu'ils 
traitent;  on  est  donc  contraint  de  perdre  ou  de  brûler  sans  grand 
profit,  dans  les  fours  de  l'établissement  métallurgique,  des  produits 
de  haute  valeur  dont  nous  sommes  importateurs.  Par  exemple,  dans 
une  aciérie  Martin  produisant  200  tonnes  d'acier  par  jour  et  ali- 
mentée par  une  batterie  de  gazogènes  consommant  50  tonnes  de 
charbon  bitumineux,  on  s'interdit  la  récupération  quotidienne  de 
300  kg.  de  benzol,  500  kg.  de  sulfate  d'ammoniaque  et  près  de 
1.000  kg.  de  goudron;  cette  remarque  s'applique  à  tous  les  autres 
foyers  utilisant  la  houille  crue. 

Telles  sont  les  principales  raisons  qui  ont  amené  nos  métallurgistes 
de  l'Est,  en  particuher,  à  établir  des  fours  à  coke  à  proximité  de 
leurs  hauts-fourneaux. 

Des  usines  sidérurgiques  aménagées  dans  de  semblables  conditions 
constituent,  notre  exposé  le  démontrera,  des  centres  de  production 
d'énergie  électrique,  autour  desquels  peuvent  venir  se  grouper  de 
nouvelles  industries. 

Ces  données  générales  acquises,  recherchons  l'organisation  dont  il 
conviendra  de  pourvoir  l'usine  métallurgique  qui  voudrait  produire, 
à  partir  de  la  houille,  qu'elle  devrait  acheter  à  un  charbonnage  voisin, 
le  coke  utile  à  ses  besoins  et  faire  servir  la  totalité  du  gaz  de  fours  à 
coke  dont  elle  disposera  au  chauffage  des  fours  Martin  et  des  fours 
à  réchauffer.  Ceci  impliquera  donc  l'emploi  du  gaz  de  hauts-four- 
neaux ou,  au  pis  aller,  du  gaz  mixte  pour  le  chauffage  des  fours  à 
coke. 

Pour  nous  guider  dans  cette  étude  délicate,  que  nous  supposerons 
appHquée  à  un  établissement  métallurgique  de  Meurthe-et-Moselle, 
nous  adopterons  les  résultats  inhérents  à  l'usine  métallurgique 
qu'a   choisie    comme  type  M.  Cornu  Thenard  dans   sa  magistrael 
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étudei'TEconomie  de  combustibles  dans  les  usines  métallurgiques."'^ 
Grâce  à  cette  solide  base  de  départ,  qui  permet  de  connaître,  d'une 
manière  incontestée,  les  besoins  en  combustibles  solides  et  gazeux 
des  divers  départements  de  l'établissement  métallurgique  en  cause, 
nous  pourrons  indiquer  le  mode  qui  nous  apparaît  le  meilleur  pour 
l'approvisionnement,  la  transformation,  la  répartition  et  l'utilisa- 
tion de  ces  mêmes  combustibles.  En  toute  connaissance  de  cause, 
on  pourra  coordonner  le  service  des  hauts-fourneaux,  des  fours  à  coke 
et  des  fours  Martin. 
Nous  diviserons  cette  étude  comme  suit: 

A — Données  générales 

I — Définition  de  l'usine  sidérurgique  choisie  comme  type 
II — Quantité  de  charbon  à  fournir  aux  fours  à  coke 
III — Répartition  des  productions  et  des  consommations 
de  gaz  de  hauts-fourneaux  et  de  fours  à  coke 
B — La  houille  et  le  coke 

I — OuaUté  et  préparation  mécanique  de  la  houille  à 

recevoir 
II — Qualité  du  coke  à  préparer 
C — Les  fours  à  coke 

I — Dimensions  à  donner  aux  fours  à  coke 
II — Importance  de  la  cokerie  à  installer 
III — Gaz  de  chauffage  à  employer  (pouvoir  calorifique, 

épuration,   etc.) 
IV — Quahté  du  gaz  de  fours  à  coke  obtenu  et  contrôle 
de  l'exploitation  de  la  cokerie  (réglage  de  la  marche 
des  extracteurs,  maintien  de  la  pression  aux  barillets 
et  aux  brûleurs  des  fours) 
V — Echelonnement  des  opérations  de  détournement  du 
coke 
D — Fours  Martin 

I — Conditions  d'emploi  du  gaz  de  fours  à  coke  dans  les 
fours  Martin.     Contrôle  de  l'exploitation 

^On  pourra  consulter  utilement,  sur  ce  sujet,  les  mémoires  suivants: 

Bulletin  de  la  Société  des  Ingénieurs  Civils  (avril-juin  1920).  G.  Charpy: 
L'utilisation  rationnelle  des  combustibles;  E.  de  Loisy:  La  consommation  de 
charbon  dans  la  grosse  métallurgie. 

Bulletin  de  la  Société  d'Encouragement  pour  l'Industrie  Nationale.  Cornu 
Thenard:  l'Economie  de  combustible  dans  une  grande  usine  sidérurgique 
(octobre  1923);  G.  Charpy:  Essai  d'organisation  méthodique  dans  une  usine 
métallurgique  (mars-avril  1919). 

Journal  Officiel,  24  mars  1927,  Roy:  Les  disponibilités  en  énergie  des  usines 
sidérurgiques  et  plus  particulièrement  celles  de  l'Est  de  la  France. 

Ch.  Berthelot:  Les  Combustibles  dans  l'Industrie  moderne  (Encyclopédie 
Guillet) — Baillières,  éditeurs. 
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E — Emploi  des  gaz  disponibles 

I — Production  de  force  motrice 
II — Distribution  à  distance  du  gaz  de  fours  à  coke 
III — Aménagement  des  chaudières  utilisant  du  gaz  de 

hauts-fourneaux 
IV — Forme  du  courant  électrique   à   produire   dans  les 

usines  métallurgiques  modernes 
V — Coordination  entre  les  centres  métallurgiques  pro- 
ducteurs d'énergie  électrique 
VI — Emploi  du  gaz  à  la  pression  de  200  kg.  pour  l'ali- 
mentation des  véhicules  automobiles. 

A. — Données  Générales 

I. — Définition  de  l'usine  sidérurgique  choisie  comme  type 

L'établissement  sidérurgique  que  nous  prenons  comme  type, 
d'après  les  données  de  M.  Cornu  Thenard,  pour  la  commodité 
autant  que  pour  la  sécurité  de  notre  démonstration,  est  capable  de 
produire  500.000  tonnes  de  fonte  par  an  et,  tout  compte  tenu  des 
aléas,  en  7.200  heures. 

La  répartition  de  cette  production  de  fonte  est  supposée  s'effectuer 

comme  suit: 

TABLEAU  I 

Fonte  vendue  directement  à  la  clientèle  ...  ...  50.000  t 

Fonte  transformée  en  acier: 

blooms,  billettes,  rails  Thomas,  tôles 
ordinaires,    soit   des   lingots  laminés 
en  une  seule  chaude  ...  ...  ...      200.000  t 

Profilés  et  tôles  soignées   provenent  des 
billettes,  largets  ou  brames  et  nécessi- 
tant plusieurs  chaudes         ...  ...      250.000  t 

Ensemble^  450.000  t 

Mode  de  production  de  l'acier: 

un  tiers  au  four  Martin,  soit  ...  ...  ...        150.000  t 

deux  tiers  au  convertisseur  Thomas  ...  ...        300.000  t 

II. — Quantité  de  charbon  à  fournir  aux  fours  à  coke 

L'usine  que  M.  Cornu  Thenard  a  pris  comme  type — et  nous  à  sa 
suite — produit  500.000  tonnes  de  fonte  par  an,  soit  70  tonnes  par 
heure  de  travail  effectif. 

En  comptant,  provisoirement,^  sur  une  mise  au  mille  de  coke  de 

*La  production  d'acier  est  prise  égale  à  celle  de  la  fonte,  grâce  à  l'appoint 
voulu  de  ferrailles  (l'usine  repasse  ses  chutes)  et  à  l'incorporation  directe  des 
minerais  dans  les  bains  d'acier  (ore  process). 

Dans  ce  mémoire,  nous  avons  systématiquement  évité  de  traiter  de  la 
récupération  des  sous-produits.  C'eût  été  sortir  du  cadre  de  notre  étude. 
Au  surplus,  nous  avons  publié  dans  le  "GénieCivil"  (août  1928)  des  remarques 
à  ce  sujet,  comme  suite  à  un  voyage  d'études  que  nous  avons  fait  dans  la 
Ruhr  en  Mars  1928. 

*Nous  indiquerons  plus  loin,  dans  quelle  mesure  cette  mise  au  mille  varie 
selon  la  teneur  en  cendres  du  coke. 
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1.200,  les  fours  à  coke  devront  donner  84  tonnes  de  coke  métallur- 
gique, ce  qui  correspondra  par  heure  à  la  consommation  de  122  t. 
de  fines  à  coke  prises  à  l'état  sec. 

Ouvrons  ici  une  parenthèse  pour  présenter  les  trois  observations  que 
voici: 

{a)  Influence  de  la  teneur  en  fer  du  minerai  et  de  la  teneur  en 
cendres  du  coke  sur  la  mise  au  mille  de  coke; 

[h)  Le  rendement  en  coke,  de  qualité  métallurgique,  des  fines  à 
coke; 

(c)  Quantité  de  houille  traitée  dans  la  cokerie  envisagée. 

[a)  La  mise  ait  mille  de  coke. — La  consommation  de  coke  rapportée 
à  la  tonne  de  fonte,  c'est  ce  que  l'on  appelle  la  mise  au  mille  de  coke, 
dépend  de  la  teneur  en  fer  du  minerai  et  de  la  teneur  en  cendres  du 
coke. 

Dans  le  bassin  de  Longwy,  où  l'on  trouve  du  minerai  de  fer  ou 
minette  contenant  42  pour  cent  de  fer,  la  mise  au  mille  de  coke 
s'élève  à  1.200  kg.,  ce  qui  correspond  à  une  valeur  moyenne,  mais 
dans  une  usine  métallurgique  du  bassin  de  Briey,  où  l'on  ne  dispose 
que  de  minerai  à  32-35  pour  cent  de  fer  seulement,  cette  mise  au 
mille  s'élève  à  1 .500  kg.  environ.  Pour  réduire  dans  une  large  mesure 
la  dépense  de  coke  et,  par  incidence,  la  quantité  de  houille  à  traiter 
dans  la  cokerie,  on  aura  tout  intérêt  à  concentrer  le  minerai  jusqu'au 
taux  de  58-60  pour  cent  de  fer.  Ceci  suppose,  toutefois,  la  mise  à 
la  disposition  des  maîtres  de  forges  de  procédés  pratiques  et  écono- 
miques pour  le  concassage,  le  triage  par  voie  sèche  et  l'agglomération 
des  minerais  de  fer.  On  peut  citer  des  efforts  louables  à  ce  sujet, 
mais  ont-ils  permis,  véritablement,  d'aboutir  à  des  résultats  in- 
dustriels?    Aux  intéressés  de  le  prouver. 

De  même,  il  existe  une  relation  certaine  entre  la  dépense  de  coke 
et  la  teneur  en  cendres  de  ce  dernier.  On  estime  communément 
qu'à  partir  du  taux  de  10  pour  cent,  à  tout  accroissement  d'une 
unité  centésimale  de  la  teneur  en  cendres  du  coke,  correspond  une 
augmentation  de  mise  au  mille  de  l'ordre  de  50  kg.  Nous  revien- 
drons un  peu  plus  loin,  d'ailleurs,  sur  ce  sujet. 

En  résumé,  selon  les  errements  actuels  en  vigueur  dans  le  bassin 
lorrain,  qui  amènent  à  employer  du  minerai  à  42  pour  cent  de  fer 
et  du  coke  à  12-13  pour  cent  de  cendres,  nous  admettrons  une 
mise  ail  mille  de  coke  égale  à  1.200  kg. 

{h)  Le  rendement  en  coke,  de  qualité  métalhtrgique,  des  fines  à  coke 
évaluées  à  l'état  sec. 

Evidemment,  il  existe  une  relation  obligée  entre  le  rendement  en 
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coke  métallurgique  et  la  teneur  en  matières  volatiles  du  charbon 
que  l'on  met  en  œuvre.     Voici  deux  chiffres  de  base: 

TABLEAU  II 

Teneur  en  matières  volatiles  du  Dépenses   de   fines   à   coke   par 

charbon  tonne    de    coke    métallurgique 
pour  cent  kg. 

23-24  1.350 

26-27  1.450 

Ne  voyons  là  que  des  données  moyennes.  En  pratique,  le  rende- 
ment en  coke  métallurgique  peut  descendre  en  dessous  de  ces  chiffres 
et  à  l'actif  du  rendement  en  petits  cokes  à  cause  de  la  préparation 
mécanique  plus  ou  moins  soignée  du  charbon  avant  son  chargement 
dans  les  chambres  de  carbonisation,  à  la  durée,  à  l'homogénéité 
ainsi  qu'à  la  température  finale  de  carbonisation,  puis  au  mode 
d'extinction  et  de  manutention  du  coke  avant  son  emploi  dans  le 
haut-fourneau. 

Si  l'on  tient  compte,  enfin,  qu'en  Meurthe  et  Moselle,  on  ne  peut 

s'approvisionner    qu'en    houilles    ou    en    un    mélange    de    houilles 

contenant  en  moyenne  de  26  à  27  pour  cent  de  matières  volatiles, 

nous  admettrons  dans  cette  étude  que,  par  tonne  de  charbon  de 

cette  qualité,  on  obtiendra  les  rendements  en  coke  que  voici: 

pour  cent 
Coke  métallurgique   ...  ...  ...  ...      69 

Petits  cokes  (40-60;  20-40;  10-20) 4  (représentant     9,8 

(pour  cent  du  coke 
Poussier  (0-10)  ...  ...  ...  ...       3,5      (total  produit 

Ensemble    ...  ...      76,5  pour  cent. 

1.000 

ce  qui  correspond  à  une  mise  de  fonds  de  ~^^    =  1 .450  kg.  de  houille 

à  26-27  pour  cent  de  mat  ères  volatiles  par  tonne  de  coke  métallurgique. 

Par  conséquent,  dans  l'usine  envisagée  consommant  par  heure  de 
journée  ouvrable  84  t.  de  coke  métallurgique,  il  faudrait  mettre  en 
oeuvre:  84  x  1,45  =  121,8  soit  122  t.  de  houille. 

(c)  Quantité  annuelle  de  houille  traitée  dans  la  cokerie  envisagée. 

D'une  manière  générale,  tout  compte  tenu  des  aléas,  une  usine 
métallurgique  ne  travaille  que  300  jours,  soit  7.200  heures  par 
an,  mais  une  cokerie  ne  subit  que  peu  d'arrêts  et  on  peut  évaluer  à 
360  jours  ou  8.640  heures,  la  durée  annuelle  de  son  travail.  On  en 
déduit: 

Consommations  annuelles:  Tonnes 

Coke:       7200x84  604.800 

Charbon:  7200  X  122       878.400 
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D'où  la  quantité  de  charbon  à  traiter  aux  fours  à  coke: 
878.400 


par  jour: 

360 

=  2.440  tonnes 

par  heure: 

2.440 
24 

=  101  t,6 

Ce  serait  là  une  instaUation  très  importante  dont  nous  n'avons  pas 
encore  l'équivalent  en  France,  où  la  puissance  moyenne  des  cokeries 
ne  correspond  au  traitement  de  guère  plus  de  1 .000  t.  de  charbon  par 
jour. 

Nonobstant,  l'étude  d'un  avant-projet  de  cette  nature  présente  un 
intérêt  manifeste,  car  il  permet  d'indiquer  les  perfectionnements 
dont  l'application  s'imposerait  dans  une  teUe  installation.  Il 
convient  même  d'ajouter  que  deux  cokeries  ayant  chacune  cette 
importance  seront  probablement  édifiées  en  Belgique,  l'une  dans 
le  Borinage,  l'autre  dans  le  bassin  de  Mons. 

A  la  suite  de  cette  concentration  de  l'industrie  du  coke  en  Belgique, 
toutes  les  autres  installations  de  fours  à  coke  y  seront  arrêtées, 
exception  faite  pour  celles  du  bassin  de  Liège. 

Notons  encore  que  la  consommation  de  coke,  par  24  heures,  des 
usines  métallurgiques  de  l'Est,  s'élèverait  à  21.200  tonnes  corres- 
pondant à  30.000  tonnes  de  charbon.  La  cokerie  ici  envisagée  ne 
subviendrait  donc  qu'au  huitième  environ  de  ces  besoins  là. 

Les  prévisions  que  nous  allons  présenter  ici  ne  sortiront  donc  pas 
du  cadre  que  l'on  se  propose  de  donner  aux  usines  modernes  de 
carbonisation,  mais,  vu  leur  caractère  général,  nous  répondrons  avec 
plaisir  à  toutes  les  demandes  de  renseignements  et  aux  objections 
que  nos  lecteurs  voudront  bien  nous  adresser. 

in. — Répartition  des  productions  et  des  consommations  de  gaz  de 
hauts- fourneaux  et  de  fours  à  coke. 

Au  chapitre  IV  de  la  troisième  partie  de  cette  étude  (les  fours  à 
coke) ,  nous  définirons  la  qualité  optimum  de  gaz  que  nous  estimons 
désirable  de  préparer  dans  un  établissement  sidérurgique.  D'ores 
et  déjà,  nous  prévoyons  la  production  de  310  m.^  de  gaz  à  4.500 
calories^  ^  par  tonne  de  houille  sèche,  ce  qui  correspond  à  près  de 
1.400.000  calories-gaz.  Pour  la  quasi  généralité  des  cokeries,  cette 
valeur,  nous  le  verrons,  n'est  nullement  exagérée  et  comporte  une 
marge  suffisante  de  sécurité. 

La  production  des  gaz  de  hauts-fourneaux  s'élève  à  4.500  m.^  par 
tonne  de  fonte  élaborée. 

^Le  pouvoir  calorifique  s'entend  pour  le  pouvoir  calorifique  supérieur  mesuré 
à  0°  et  à  la  pression  de  760  mm. 
*Cette  valeur  sera  justifiée  plus  loin  d'après  les  données  au  tableau  VII. 
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Enfin,  l'énergie  électrique,  utilisée  dans  l'usine,  serait  produite 
par  une  centrale  à  gaz  de  hauts-fourneaux  consommant  4,5  m.^  de 
ce  gaz  par  kilowatt-heure  effectif. 

Nous  pouvons,  d'après  les  données  qui  précèdent,  dresser  le  tableau 
III,  dans  lequel  nous  avons  adopté  les  données  de  M.  Cornu  Thenard,' 
sauf  en  ce  qui  concerne  le  service  des  fours  à  coke,  eu  égard  aux 
transformations  profondes  dues  à  l'emploi  développé  du  machinisme 
et  aux  progrès  manifestes  apportés  dans  le  mode  de  chauffage  des 
chambres  de  carbonisation. 

TABLEAU  III 

Disponibilités  horaires  de  gaz 
Gaz  de  fours  à  coke: 

]22tx310m.3  m.3      37.820 

Gaz  de  hauts-fourneaux: 

70  tx  4.500  m.3  m.»    315.000 

Consommations  horaires  d'énergie  électrique 
Services  généraux: 

Transport  des  matières  premières  et  mouvements 

entre  services              ...          ...          ...          ...  700 

Eau  de  refroidissement     ...          ...          ...          ...  2.000 

Entretien 600 

Eclairage     ...          ...          ...          ...          ...          ...  300 


Ensemble  3.600 

Fours  à  coke  et  annexes: 

Broyeurs,    élévateurs,    3    kWh.    par    tonne    de 

charbon  ou      ...  ...  ...  ...  ...  300 

Machines  des  fours  à  coke  7  kWh.  par  tonne  de 

coke  métallurgique    ... 
Ateliers  de  sous-produits 

Ensemble 
Hauts-fourneaux  : 

Machines  soufflantes,  montecharges,  service  des 

accumulateurs 
Epuration  des  gaz... 

Ensemble 
Aciérie  Martin 

Ponts  roulants,  ventilateurs,  pompes    ... 

Aciérie  Thomas: 

Machines  soufflantes 

Ponts  roulants,  ventilateurs,    service  de    l'eau, 
pompes  à  haute  pression 

Ensemble 
Service  des  laminoirs 
Briqueterie  des  laitiers 
Cimenterie 
Scories  Thomas,  etc. 

Total        26.850 

soit  en  nombres  arrondis:  27.000  kWh. 

'Page  1035  du  numéro  d'octobre  1923  du  Bulletin  de  la  Société  d'Encourage- 
ment pour  l'Industrie  Nationale. 
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Ce  chiffre  paraît  élevé,  mais  il  ne  correspond  qu'à  6,4  pour  cent  de  la 
puissance  installée  aujourd'hui  dans  les  usines  métallurgiques  de 
l'Est,  soit  420.000  kW.  dont  120.000  (turbines  à  vapeur)  et  300.000 
(moteurs  à  gaz). 

Recherchons,  à  présent,  l'importance  des  consommations  de  gaz. 

Production  d'énergie  électrique. — Nous  avons  évalué  plus  haut  la 
consommation  de  gaz  à  4,5  m. ^représentant  4.050  cal.  par  kWh.  Ce 
chiffre  est  largement  suffisant,  car  si  le  moteur  à  gaz  exige  4.000  par 
kWh.,**  la  consommation  du  groupe  moteur  à  gaz — chaudière  de 
récupération — turbine  à  vapeur,  d'un  usage  courant  aujourd'hui, 
ne  dépasse  pas  3.400  calories.  Ceci  suppose  que  la  centrale  fonc- 
tionne à  une  charge  moyenne  sensiblement  égale  aux  3/4  de  la 
puissance  maximum.  Or,  il  importe  de  remarquer  que,  jadis,  une 
usine  travaillant  isolément  installait  trois  moteurs  pour  en  avoir 
deux  en  marche,  et  permettre  de  passer  aisément  les  "pointes" 
dues  surtout  à  l'engagement  des  lingots  ou  des  barres  dans  les 
laminoirs,  de  sorte  que  la  charge  des  moteurs  ne  dépassait  guère  65 
pour  cent  de  la  pleine  charge.  Aujourd'hui,  à  cause  de  l'inter- 
communication  des  usines  et  de  l'installation  de  turbines  utilisant  la 
chaleur  sensible  des  gaz  d'échappement  des  moteurs,^  les  métal- 
lurgistes ont  réussi  à  améliorer  très  notablement  le  coefficient 
d'utilisation  qui  se  rapproche  de  90  pour  cent  de  la  charge 
maximum  et  il  leur  suffît  de  conserver  25  pour  cent  d'unités  en 
réserve  au  lieu  d'un  tiers  comme  autrefois.^" 

Nous  pouvons  donc  en  toute  quiétude  remplacer  les  27.000  kW. 
nécessaires  par  heure  par  une  consommation  de  121.500  m.^,  ou  en 
nombres  arrondis,  122.000  m.^  de  gaz  de  hauts-fourneaux. 

Appareils    Cowpers. — Par   l'emploi     de     procédés     perfectionnés, 

*La  consommation  moyenne  des  moteurs  à  gaz,  à  quatre  temps  à  double 
effet,  type  le  plus  répandu  aujourd'hui,  est  d'environ  2.000  cal.  par  cheval- 
heure  indiqué  à  pleine  charge.  Le  rendement  mécanique  de  ces  machines  est 
au  moins  de  82  p.  100;  le  cheval-heure  effectif  est  donc  produit  par  2.440  cal. 
et  le  kilowatt-heure,  en  supposant  un  rendement  de  l'alternateur  de  0,92,  par 
3.600  cal.  Lorsque  la  charge  varie,  la  dépense  en  calories  s'accroît,  de  telle 
façon  que,  à  3/4  de  charge,  l'augmentation  est  de  plus  de  10  p.  100. 

*Les  chaudières  destinées  à  utiliser  les  gaz  d'échappement  des  moteurs 
reçoivent  ces  gaz  à  une  température  susceptible  de  varier  entre  550  et  600°. 
Elles  les  restituent  à  la  température  de  175°  environ.  On  récupère  de  cette 
façon,  près  de  1,2  kg.  de  vapeur  par  k\V.  produit  par  les  groupes  à  gaz,  ce  qui 
permet  de  récupérer  jusqu'à  15  pour  cent  de  la  puissance  de  ces  derniers. 
La  pression  de  la  vapeur  obtenue  dans  ces  conditions  s'élève  généralement  à 
12  kg.  et  elle  est  surchauffée  à  la  température  de  325°.  Ce  genre  d'installation 
est,  à  présent,  très  répandu  dans  les  usines  métallurgiques  de  l'Est:  Micheville, 
Senelle-Maubeuge,  etc. 

^"Nous  reviendrons  plus  loin  sur  cette  importante  question  en  traitant,  au 
dernier  chapitre  de  cette  étude,  de  l'emploi  des  gaz  disponibles. 
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tels  que  celui  de  Pfoser-Strack-Stumm^^  et  par  le  contrôle  exercé 
par  le  service  thermique  créé,  au  cours  de  ces  dernières  années,  dans 
les  usines  sidérurgiques,  on  a  pu  ramener  la  consommation  de  gaz 
pour  le  chauffage  des  Cowpers  à  30  pour  cent  de  la  quantité  produite 
par  le  haut-fourneau,  c'est-à-dire  qu'elle  s'élève  ici  à  94.500  ou,  en 
nombres  arrondis,  à  95.000  m.^ 

Chauffage  des  fours  à  coke. — Il  est  connu  que  par  le  réchauffage 
simultané  et  dans  des  régénérateurs  distincts  du  gaz  de  hauts- 
fourneaux  et  de  son  air  comburant,  on  peut  atteindre  la  température 
requise  pour  le  chauffage  des  fours  à  coke,  soit  jusqu'à  1.400°  dans 
les  installations  modernes  de  la  Ruhr.  Dans  ces  dernières,  la 
quantité  de  chaleur  nécessaire  pour  la  carbonisation  d'une  tonne  de 
charbon  à  coke  à  12  pour  cent  d'humidité,  ne  dépasse  jamais  520.000 
calories. 

Par  conséquent,  pour  le  traitement  des  122  t.  de  charbon  à  mettre 
en  œuvre,  par  heure,  pour  la  production  de  70  t.  de  produits  métal- 
lurgiques, il  faudra: 

122  X  520.000 

ëod—  =  ™-««  "•= 

soit,  en  nombres  arrondis,  72.000  rnclres  cubes  de  gaz  de  hauts- 
fourneaux,  par  heure. 

Chaiffage  des  jours  Martin. — D'après  l'expérience  acquise,  depuis 
une  quinzaine  d'années,  il  sufht  d'employer  350  m.^  de  gaz  de  fours  à 
coke  par  tonne  d'acier  élaboré,  c'est-à-dire  350x20,8=7.300  m.^ 
pour  le  cas  que  nous  envisageons. 

On  pourrait  encore  envisager  le  chauffage  des  fours  Martin  au  moyen 
d'un  mélange  constitué,  par  exemple,  par  4  parties  de  gaz  de  liauts- 
foumeaux  et  1  partie  de  gaz  de  fours  à  coke,  suivant  la  technique 
actuellement  suivie  à  Ougrée-Marihaye.  Nous  verrons  plus  loin 
que  cette  combinaison  offre  de  réels  avantages.  Qu'on  l'adopte  ou 
non,  l'assiette  de  nos  prévisions  ne  s'en  trouvera  pas  foncièrement 
modifiée. 

Fours  de  récliauffage  des  laminoirs. — Tout  compte  tenu  des  lingots 
laminés  en  une  ou  deux  chaudes,  M.  Cornu  Thenard  évalue  la  con- 
sommation horaire  des  fours  de  laminoirs  à  19.500  m.^  et  ceux  des 
tours  à  recuire  à  1.300  m.^ 

En  résumé  et  au  total,  on  peut  dresser  le  tableau  IV,  fixant  sur  les 

i^Aux  pages  1043-1046  de  son  étude  en  cause,  M.  Cornu  Thenard  a  montré 
tous  les  services  que  peuvent  rendre  les  Cowpers  équipés  selon  le  procédé 
Pfoser-Stack-Stumm,  afin  d'accumuler  les  gaz  de  hauts-fourneaux  ou  plutôt 
leur  chaleur  latente  en  vue  d'accroître  la  souplesse  de  marche  de  l'établissement 
métallurgique. 
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quantités  de  gaz  consommées  dans  l'usine  métallurgique  en  corres- 
pondance avec  une  consommation  de  122  t.  de  charbon  par  70  tonnes 

de  produits  finis. 

TABLEAU  IV 

Gaz  de  hauts-fourneaux 

Production  de  l'énergie  électrique 
Chauffage  des  Cowpers 
Chauffage  des  fours  à  coke 


122.000 
95.000 
72.000 


Total        

Gaz  de  fours  à  coke^^ 

Chauffage  des  fours  Martin 
Chauffage  des  fours  de  laminoirs 
Chauffage  des  fours  à  recuire^^  et  divers 

Total        

qui  peut  encore  se  résumer  comme  suit: 

TABLEAU  V 


7.300 

1 9  500 

1.300 


289.000 


28.100 


Volume               Volume 

produit        1        prélevé 

m^.                       m^. 

1  ' 

Disponibilités 

Qualité  de  gaz 

en   volume    '  pour  cent  de 
m^.              la  quantité 
produite 

Haut-fourneau 
Fours  à  coke 

315.000       '        289.000 
37.820                  28.100 

26.000                   8,2 
9.720                 26,0 

Pour  nous  conformer  à  un  autre  mode  de  calcul,  employé  par  MM. 
Roy  et  de  Loisy,  exprimons  en  calories  les  volumes  de  gaz  de  chauf- 
fage ci-dessus  et  recherchons  les  disponibilités  qui  restent  après 
avoir  satisfait  à  tous  les  besoins  de  l'établissement  métallurgique: 

TABLEAU  VI 


Calories 
produites 

Calories 
prélevées 

Disponibilités 

Qualité  de  gaz 

Calories 

23,7 

43,74 

67,44 

pour  cent 

en    millions 

de    calories 

du    total 
produit 

Haut-fourneau: 

315.000  m^  à  900 cal.  ... 
Fours  à  coke: 

37.820  m3  à  4.500  cal. 

283,5 
170,19 

260,0 
126,45 

8,2 
25,6 

Totaux     . . . 

453,69 

386,45 

14,8 

i^Ce  sont  là  des  maxima.  M.  Cornu  Thenard  a  basé  ses  estimations  sur  du 
gaz  à  4.000  cal.,  alors  que  nous  avons  prévu  4.500  cal.,  eu  égard  à  la  nature 
du  charbon,  à  la  construction  et  au  mode  de  fermeture  perfectionnée  des 
fours  à  coke. 

^^C'est  une  pratique  constante  dans  l'Est,  aujourd'hui,  de  chauffer  les  pits 
et  les  fours  poussants  au  gaz  de  hauts-fourneaux.  La  disponibilité  de  gaz  de 
hauts-fourneaux  étant  réduite  ici,  nous  avons  prévu  le  chauffage  des  fours  de 
laminoirs  et  des  fours  à  recuire  au  moyen  de  gaz  de  fours  à  coke. 
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II  apparaît  donc  que  la  mise  de  fonds  de  122  tonnes  de  charbon  cru 
arrivant  aux  fours  à  coke — en  vue  d'obtenir  70  tonnes  de  produits 
finis — équivalent  à  1.745  kg.  de  houille  par  tonne  de  métal — suffit 
non  seulement  à  assurer  tous  les  besoins  de  l'usine,  tant  pour  le 
chauffage  que  pour  la  force  motrice,  mais  encore  il  reste  14,8  pour 
cent  des  calories  contenues  dans  les  gaz  récupérés.  Nous  verrons, 
à  la  dernière  partie  de  cette  étude,  par  quels  moyens  on  peut  utiliser 
cette  disponibilité  de  calories,  représentée,  en  quasi  totalité,  par  du 
gaz  de  fours  à  coke  doué  d'un  haut  potentiel  thermique  ou  4.500  cal. 
au  mètre  cube. 

Dans  nos  estimations,  nous  n'avons  pas  chiffré  jusqu'à  présent, 
les  dépenses  de  la  vapeur  de  chauffage  nécessaire  au  service  des 
usines  à  sous-produits. 

Les  101,6  t.  de  charbon  à  26-27  pour  cent  de  matières  volatiles 
traitées  par  heure,  donneront  approximativement  lieu  aux  rende- 
ments que  voici: 

kg. 
Sulfate  d'ammoniaque      ...  ...  ...        1.100 

goudron       2.800à  3.000 

Benzol  commercial  ...  ...  ...  550  à  650 

Il  convient  de  prévoir  les  consommations  horaires  de  vapeur  ci- 
après  dans  une  cokerie  bien  aménagée: 

Atelier  à  sulfate  ...  ...  ...  ...  6  tonnes 

Distillerie  de  goudron   ...  ...  ...  ...  2  tonnes 

Benzol     ...  ...  ...  ...  ...  ...         5  tonnes 


Total  ...        13  tonnes 

Pour  produire  cette  vapeur,  on  peut  disposer  des  petits  cokes  dont 
on  obtient  7,6  tonnes  par  heure^* — leur  combustion  sur  grille 
permettrait  d'obtenir  30  tonnes  de  vapeur — mais  il  existe  un  autre 
moyen  de  la  préparer.  Il  consiste  à  récupérer  la  chaleur  sensible 
du  coke  incandescent,  à  sa  sortie  du  four.  Déjà,  il  existe  dans  une 
usine  métallurgique  de  l'Est  une  installation  de  cette  nature.  On 
en  compte  plusieurs  autres  en  Hollande,  en  Allemagne  et  en  Suisse. 

La  pratique  indique  que  l'on  peut  récupérer  75  pour  cent  des 
calories  emportées  par  le  coke  à  sa  sortie  des  fours,  c'est-à-dire 
200.000  cal.  par  tonne  de  charbon  enfourné,  ou  350  kg.  de  vapeur 
par  tonne  de  coke.  Par  conséquent,  à  la  fabrication  de  77  tonnes 
de  coke  par  heure  (petits  cokes  compris)  correspondrait  l'obtention 
de  26  t,  900  ou,  en  nombres  arrondis,  26  tonnes  de  vapeur.  En 
défalquant  la  quantité  nécessaire  pour  le  service  des  sous-produits, 

i^Nous  avons  vu  que  les  petits  cokes  représentent,  dans  leur  ensemble, 
7,5  pour  cent  du  charbon  traité,  soit  101,6x7,5=76  t.  par  heure  de  marche 
de  la  cokerie. 
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il  resterait  une  disponibilité  de  13  tonnes  suffisante  pour  produire 
2.000  kWh. 

En  résumé  et  au  total,  si  l'on  compte,  comme  précédemment,  une 
dépense  de  4.050  calories  par  kWh.  effectif,  les  67,44  millions  de 
calories-gaz  disponibles  permettront  d'obtenir  16,651  kWh.  au.xquels 
s'ajouteront  les  2.000  kW.  obtenus  par  utilisation  de  la  chaleur 
sensible  du  coke.  Dans  l'ensemble,  les  18.000  kWh.  (en  nombres 
arrondis)  disponibles  correspondront  à  un  rendement  de  257  kWh, 
par  tonne  de  produits  finis.  Ceci  après  avoir  satisfait  à  tous  les 
besoins  de  l'établissement  métallurgique.  De  plus,  il  restera  à 
vendre  les  petits  cokes  et  les  sous-produits  constituant  une  nouvelle 
source  de  bénéfices. 

Ce  ne  sont  là  que  des  données  générales,  susceptibles  de  varier 
avec  la  nature  du  charbon  traité,  le  mode  de  construction  des  fours, 
l'habileté  plus  ou  moins  grande  de  l'exploitant. 

Afin  de  faciliter  la  tâche  de  ceux  qui  ont  à  organiser  une  liaison 
convenable  entre  le  haut-fourneau,  la  cokerie  et  le  four  Martin, 
dans  une  usine  métallurgique,  nous  allons  indiquer  les  mesures  que 
notre  expérience  nous  a  indiquées  les  meilleurs  pour  remplir  con- 
venablement un  semblable  programme. 

B. — La  Houille  et  le  Coke 

\.— Qualités  et  préparatio,i  mécaniqi  e  de  la  houille  à  recevoir 

Plusieurs  raisons  majeures  commandent  la  plus  extrême  prudence 
au  moment  de  s'approvisionner  en  charbons  pour  la  fabrication  du 
coke.     11  convient,  en  effet,  d'envisager  les  facteurs  suivants: 
{a)  Rentabilité  de  l'opération 
{b)  Teneur  en  cendres  du  coke 

(c)   Difficultés    particulières    au    traitement    des    houilles 
bitumineuses. 
Dans  certaines  régions,  en  effet,  spécialement  dans  l'Est  de   la 
France,  on  ne  dispose  que  de  houilles  contenant  au  moins  25  pour 
cent  de  matières  volatiles.      Elles  rentrent  donc  dans  la  catégorie 
des  charbons  bitumineux  dont  la  transformation  en  coke  métal- 
lurgique de  bonne  qualité  nécessite  des  précautions  spéciales  de 
fabrication. 
Examinons  successivement  ces  diverses  questions: 

{a)  Rentabilité  de  l'opération 

Sans  qu'il  soit  besoin  de  présenter  une  analyse  complète  de  ce 
sujet,  il  importe  de  remarquer  qu'en  raison  des  cours  actuels  du 
coke  et  de  ceux  des  sous -produits,  mievLx  vaut,  en  thèse  générale, 
traiter  des  charbons  relativement  maigres  (proches  de  la  limite 
1432 


FRANCE:    CO-ORDINATION   IN   METALLURGICAL    WORKS 

inférieure  de  cokéfaction)  que  d'autres  renfermant  une  forte 
proportion  de  matières  volatiles.  En  outre,  il  apparaît  de  façon 
évidente  qu'à  égalité  de  mise  au  mille  pour  une  fabrication  donnée 
de  coke,  l'importance  à  donner  à  la  cokerie  et  le  tonnage  de  houille 
à  traiter  seront  d'autant  plus  importants  que  l'on  mettra  en  œuvre 
des  charbons  plus  gras.  En  d'autres  termes,  l'industrie  du  coke 
métallurgique,  à  l'inverse  de  celle  du  gaz  de  ville,  doit  tendre  à 
l'obtention  d'vm  rendement  en  calories-gaz  minimum  par  tonne  de 
houille  carbonisée. 

A  ce  point  de  vue,  on  se  forme  souvent  une  idée  fausse  du  rende- 
ment volumétrique  et  du  pouvoir  calorifique  du  gaz  que  l'on  peut 
obtenir  à  partir  des  diverses  qualités  de  houille.  Le  tableau 
suivant  indique  comment  peut  varier  le  rendement  en  calories-gaz 
par  tonne  de  charbon  sec  traité  (en  mètres  cubes)  par  le  pouvoir 
calorifique  supérieur,  en  supposant  encore  que  le  gaz  ne  renferme  pas 
plus  de  7  pour  cent  d'azote.  C'est  ce  qu'on  peut  appeler  du  gaz 
normal. 

TABLEAU  VII 


Teneur  en  matières 

volatiles    du 

charbon 

Rendement  en 

pour  cent 

calories-gaz 

14 

990.000 

22 

1.200.000 

26 

1.400.000 

30 

1.800.000 

34 

2.000.000 

D'une  manière  générale,  on  observe  que  le  rendement  en  gaz 
normal  par  tonne  de  charbon  sec  carbonisé  ne  s'écarte  que  peu  de 
300  m.^,  ce  qui  varie,  c'est  le  pouvoir  calorifique  du  gaz.  Il  dépend 
essentiellement  de  sa  teneur  en  méthane  et  en  hydrogène.  Le  plus 
souvent,  la  teneur  en  méthane  du  gaz  résultant  de  la  carbonisation 
à  haute  température  d'une  houille  déterminée  est  sensiblement 
égale  à  la  teneur  en  matières  volatiles  de  cette  dernière.  Or,  sauf 
le  cas  spécial  où  les  cokeries  doivent  distribuer  du  gaz  à  très  longue 
distance,  elles  n'ont  aucun  intérêt  à  l'obtenir  à  plus  de  4.500  calories 
au  mètre  cube.  Ce  chiffre  de  qualité  est  même  déjà  trop  fort,  nous 
le  verrons  plus  loin,  pour  le  service  des  fours  Martin,  en  raison  de 
l'insuffisance  de  résistance  pyrométrique  des  matériaux  réfractaires 
dont  dispose,  aujourd'hui,  l'industrie  métallurgique. 

Par  conséquent,  ce  n'est  que  faute  de  mieux  que  les  usines  métal- 
lurgiques de  l'Est  traiteront  dans  leurs  fours  à  coke  des  houilles 
bitumineuses,  mais  elles  devront,  pour  cela,  prendre  des  précautions 
essentielles  au  sujet  de  la  teneur  en  cendres  des  fines  et  de  la  façon 
dont  elles  les  mettront  en  œuvre. 
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6,77 
60,00 

fr. 

237,20 

170,47 

6,18 

58,80 

fr. 

235,45 

170,43 

5,57 

57,60 

fr. 

233,60 
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{b)  Teneur  en  cendres  du  coke 
Comme  le  montre  le  tableau  suivant,  il  existe  une  relation  étroite 
entre  la  teneur  en  cendres  d'un  coke  et  la  mise  au  mille  dans  le 
haut-fourneau. 

TABLEAU  VIII 

Frais  proprement  dits  de  fabrication  d'une  tonne  de  fonte  hématite,  selon 

la  teneur  en  cendres  du  coke  employé  (en  supposant  la  dépense  de  coke 
constante) . 

Coke  à   10  pour  cent  de  cendres  francs 

1.235  kg.  de  coke  à  138  fr.  la  tonne  ... 

205  kg.  de  castine  à  33  fr.  la  tonne  ... 

Frais  de  fabrication       ...  ...  .:. 

Total 

Coke  à  9  pour  cent  de  cendres 

1.214,2  kg.  de  coke  à  140  fr.  la  tonne 
1 80  kg.  de  castine  à  33  fr.  la  tonne 
Frais  de  fabrication 

Total 

Coke  à  8  pour  cent  de  cendres 

1.195,4  kg.  de  coke  à  fr.  142  la  tonne 
169  kg.  de  castine  à  33  fr.  la  tonne    ... 
Frais  de  fabrication 

Total 

Donc,  tout  abaissement  d'une  unité  centésimale  dans  la  teneur 
en  cendres  du  coke  entraine  une  économie  de  1 ,80  fr.  dans  le  prix 
de  revient  d'une  tonne  de  fonte  hématite.  Par  conséquent,  à  une 
production  annuelle  de  350  000  tonnes  de  fonte  hématite  correspond 
une  économie  de  630.000  fr.  par  unité  de  cendres  en  moins  dans  le 
coke  mise  en  œuvre  dans  le  haut-fourneau.  En  réalité,  cette 
économie  équivaut  à  un  bénéfice  net,  puisqu'on  peut  la  réaliser  sans 
aucune  immobilisation. 

Or,  il  est  bien  évident  que  la  carbonisation  produit  une  concentra- 
tion d'autant  plus  forte  des  cendres  dans  le  coke  que  celui-ci  est 
obtenu  à  partir  d'une  houille  plus  riche  en  matières  volatiles.  A 
ce  titre,  les  métallurgistes  de  l'Est  en  seront  probablement  amenés 
à  ne  recevoir  que  des  houilles  à  6,5-7  pour  cent  de  cendres  au  maxi- 
mum— suivant  la  pratique  des  mines  de  la  Ruhr — résultat  auquel 
on  peut  parvenir,  sans  frais  trop  appréciables  aujourd'hui,  grâce  à  la 
technique  combinée  du  désargilage  et  du  flottage. ^^  ^^ 

(c)  Difficultés  particulières  au  traitement  des  houilles  bitumineuses 
Pendant    longtemps,    on   a    manqué,    dans    l'industrie    du    coke 

^Woir  Ch.  Berthelot:  L'Influence  de  désargilage  des  eaux  en  circulation  dans 
les  lavoirs  sur  la  teneur  en  cendres  des  charbons  lavés.  Génie  Civil,  21  et  28 
avril  1928. 

^^Ultérieurement,  nous  étudierons  le  triage  à  sec  du  charbon.  Cette  méthode 
pourrait  présenter  certains  avantages  techniques  fort  appréciables. 
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métallurgique,  des  données  les  plus  élémentaires  sur  le  mode  de 
comportement  des  houilles  lorsqu'on  les  soumet  à  l'opération  de 
carbonisation.  On  a  longtemps  cru  qu'il  suffisait  de  s'en  rapporter 
à  la  teneur  en  matières  volatiles  tout  de  même  qu'au  pouvoir 
agglutinant. 

Aujourd'hui,  nous  savons,  à  la  suite  des  travaux  d'Illingworth, 
commentés  dans  une  leçon  que  nous  avons  présentée  au  Conserva- 
toire des  Arts  et  Métiers,^'  que  la  condition  nécessaire  pour  obtenir 
du  bon  coke  métallurgique  consiste  à  utiliser  des  houilles  contenant 
5  pour  cent  au  moins  et  10  pour  cent  au  plus  de  composés  y,  lesquels 
résultent  de  la  décomposition  des  résines,  et  sont  solubles  dans  la 
pyridine  ainsi  que  dans  le  chloroforme.  Cependant,  cette  condition 
n'est  point  suffisante.  Il  faut  encore  opérer  de  telle  manière  que  les 
composés  ß  de  la  houille^^  se  dégagent  au  cours  de  la  carbonisation,  en 
majeure  partie  avant  que  la  houille  rentre  en  fusion,  laquelle  est 
due  aux  éléments  y.  Intervient  donc  ici  la  notion  de  la  vitesse  de 
chauffage  que  M.  Audibert  a  étudiée  dans  son  mémoire:  "Quelques 
remarques  sur  le  mécanisme  de  la  cokéfaction."  (Revue  de 
l'Industrie  Minérale  du  1°  Janvier  1927.) 

Effectivement,  un  charbon  donnant  du  très  bon  coke  dans  un  four 
à  coke  dans  lequel  la  carbonisation  s'effectue  en  24  heures,  par 
exemple,  ne  donnera  plus  qu'un  coke  mousseux,  léger  et  friable 
lorsqu'on  le  carbonisera  en  quatre  heures  dans  une  cornue  à  gaz. 
Parallèlement,  un  charbon  à  gaz  traité  dans  un  four  à  coke  fournit  un 
produit  compact  se  rapprochant  du  coke  métallurgique. 

Par  conséquent,  à  la  suite  des  travaux  d'Illingworth,  on  s'explique 
pourquoi  l'addition  aux  houilles  bitumineuses  de  matières  infusibles: 
anthracite  ou  semi-coke — ^suivant  les  prix  de  revient  de  ces  derniers — 
permet  de  préparer  du  coke  métallurgique  de  qualité  équivalente  à 
celle  que  donnerait,  toutes  choses  égales  d'ailleurs,  un  bon  charbon 
à  coke.  Jusqu'à  présent,  toutefois,  on  semble  s'être  peu  préoccupé 
du  dosage  dans  les  houilles  destinées  à  la  carbonisation,  des  éléments 
y  dont  la  juste  proportion  correspond  à  une  condition  nécessaire 
pour  l'obtention  d'un  bon  coke.  Cette  condition  ne  suffit  point 
cependant.     Il  convient  encore: 

Que  si  l'on  traite  un  mélange  de  diverses  qualités  de  houilles, 
l'ensemble  doit  former  un  tout  homogène,  ce  qui  va  de  soi,  et  que 
chacune  d'elles  fasse  l'objet  d'une  préparation  mécanique,  c'est-à-dire 

l'Ch.  Berthelot:  La  carbonisation  de  la  houille  à  haute  température.  Son 
évolution  technique.      Revue  de  métallurgie,  octobre  1927. 

i^Eléments  solubles  dans  la  pyridine,  mais  insolubles  dans  le  chloroforme. 
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subisse  un  broyage  en  rapport  avec  son  mode  de  comportement  au 
cours  de  la  pyrogénation. 

Que  le  mélange  de  houille  soit  carbonisé  à  une  vitesse  déterminée. 

Voyons  comment: 

Broyage  d.i  charbon. — Tous  ceux  qui  ont  la  pratique  de  la  fabrica- 
tion du  coke  métallurgique  savent  que,  toutes  choses  égales  d'ailleurs, 
il  existe  une  relation  étroite  entre  la  résistance  mécanique  de  ce 
dernier  et  le  degré  de  broyage  du  menu  à  coke.  Une  excellente 
pratique  consiste,  par  exemple,  à  contrôler  régulièrement  le  refus 
que  donne  celui-ci  au  tamis  à  mailles  écartées  de  2  mm.  Ce  refus  ne 
devrait  pas  dépasser  15  pour  cent  lorsque  le  mélange  est  constitué 
par  des  houilles  renfermant  de  18  à  20  pour  cent  de  matières  vola- 
tiles. 

Dans  les  limites  pareillement  définies,  plus  le  grain  de  la  houille 
est  fin,  plus  la  masse  poreuse  que  constitue  le  menu  à  coke  formera 
un  bloc  compact  et  homogène  au  moment  ou  il  passera  par  l'état 
de  fusion.  Par  conséquent,  mieux  les  vides  intergranulaires  se 
colmateront.  Le  durcissement  du  coke,  consécutif  à  son  élévation 
de  température,  formera  un  ensemble  de  bonne  cohésion  à  condition, 
toutefois,  que  la  viscosité  de  la  masse  en  fusion  demeure  entre  des 
limites  déterminées,  fonction  de  la  teneur  en  résines  (éléments  y) 
de  la  houille  mise  en  œuvre  et  de  sa  vitesse  d'échauffement. 

En  analysant  le  mécanisme  du  chauffage,  M.  Audibert  a  montré^^ 
l'influence  du  degré  de  fluidité  atteint  par  la  houille  provoquée  par 
im  accroissement  de  la  vitesse  de  chauffage,  sur  la  résistance 
mécanique  du  coke.  Il  existe  un  maximum  de  vitesse,  c'est-à-dire 
de  fluidité,  qu'on  ne  peut  dépasser  et  qui  varie  d'une  houille  à  une 
autre.  On  le  comprend  car  im  chauffage  rapide  provoque  le 
gonflement  des  houiUes  grasses  et,  par  suite,  une  diminution  de 
cohésion  du  coke  qui  en  résulte. 

C'est  pour  éviter  de  tomber  dans  cet  excès  qu'il  convient  de  ne  pas 
exagérer  le  broyage  des  houilles  bitumineuses  et  même  de  les  couper 
avec  des  additions  infusibles:  semi-coke  ou  anthracite  dont  la  loi 
de  dégazage  diffère,  d'ailleurs,  notablement,  de  celle  des  charbons 
gras.  Pour  ces  derniers,  les  matières  volatiles  commencent  à  se 
libérer  vers  300°  au  lieu  de  500°  pour  les  semi-cokes  et  les  charbons 
maigres. 

On  conçoit  également,  en  rasion  de  ce  qui  précède,  que  l'influence 
de  la  grosseur  du  grain  de  charbon  dépend  de  son  degré  de  fusibilité 
et  de  la  loi  de  chauffage.     Dans  les  mélanges  ou  l'un  des  charbons 

^^Quelques  remarques  sur  le  mécanisme  del  a  cokéfaction.  Revue  del'Industrie 
Minérale,  1°  Janvier  1927. 
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joue  le  rôle  de  matière  inerte  ou  infusible,  c'est  celui-ci  qu'on  devra 
pulvériser  plus  finement. 

En  tout  état  de  cause,  dans  les  installations  nouvelles  pour  la 
préparation  mécaniques  des  charbons,  il  conviendra,  non  plus  de 
mélanger  les  charbons  de  diverses  qualités  avant  broyage  suivant 
la  pratique  usuelle,  mais  d'opérer  comme  suit: 

1° — Broyer  les  charbons  flambants  de  manière  que  50  pour  cent 
soient  du  calibre  0-1  mm.  et  50  pour  cent  du  cahbre  0-3  mm. 

2° — Broyer  les  charbons  à  coke,  de  façon  que  le  menu  broyé 
renferme  de  80  à  90  pour  cent  de  0-1  mm.  et  10  pour  cent  de  1-3  mm. 

3°- — Broyer  les  anthracites,  de  façon  que  le  produit  sortant  du 
Carr  renferme  90  pour  cent  de  0-|  mm.  et  10  pour  cent  de  |-1  mm. 

Au  surplus,  pour  obtenir  un  produit  homogène,  il  importera  de 
faire  passer  cet  ensemble  de  fines  broyées  dans  un  autre  broyeur 
Carr,  jouant  le  rôle  de  mélangeur  pour  lequel  il  excelle. 

Influence  de  la  vitesse  de  chauffage. — Rappelons  que  dans  l'industrie 
de  la  carbonisation  de  la  houille,  on  ne  peut  pas  exprimer  la  vitesse 
de  chauffage  par  le  simple  quotient  de  la  température  de 
défournement  du  coke  (1.000°  dans  la  plupart  des  dernières 
installations  allemandes)  par  la  durée  en  minutes  de  l'opération  de 
carbonisation. 

Effectivement,  au  voisinage  des  parois,  la  montée  en  température, 
d'abord  très  rapide,  fléchit  ensuite,  limitée,  évidemment,  par  la  tem- 
pérature maximum  possible  de  la  face  interne  des  piédroits.  Au  milieu 
de  la  charge,  la  vitesse  d'échauffement  est  d'abord  nulle  tant  que 
vient  s'y  condenser  l'eau  hygrométrique  vaporisée,  la  vapeur  d'eau 
de  formation  et  les  vapeurs  goudronneuses.  Exprimer  la  vitesse 
d'échauffement  de  la  houille  traitée  dans  un  four  à  coke  par  une 
fonction  linéaire  ne  constitue  qu'un  moyen  commode,  mais  complète- 
ment différent  de  la  réalité,  pour  traduire  la  vitesse  moyenne  de 
carbonisation  dans  un  appareil  de  cokéfaction  quelconque.  Si  l'on 
tient  compte  que  celle-ci  varie  comme  suit: 


TABLEAU 

IX 

Vitesse  moyenne 

Appareils 

Durée  de 

d'échauffement 

l'opération 

par  minute 

Cornue  à  gaz 

4  h 

4° 

Fours  à  coke  américains 

12  h 

1°4 

Fours  à  coke  allemands 

18  h 

1° 

Fours   à  coke   de   plusieurs   mines   du 

Nord  et  du  Pas-de-Calais  ... 

30  h 

r 

En  premier  lieu,  observons,  à  la  suite  de  ces  données,  que  la  durée 
plus  réduite  de  carbonisation  dans  les  fours  américains  ne  résulte 
nullement  de  leur  mode  de  construction  mais,  uniquement,  de  ce 
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qu'on  y  traite  des  houilles  à  2  pour  cent  d'eau  seulement  au  lieu 
de  10-12  pour  cent  dans  les  cokeries  européennes. 

En  second  lieu,  on  s'aperçoit  que  ces  vitesses  d'échauffement, 
relativement  lentes,  ne  suffisent  point  à  modifier  d'une  façon 
profonde  la  qualité  du  coke  que  l'on  peut  obtenir  à  partir  d'une 
houille  donnée. 

Inversement,  il  semble  difficile,  ce  qui  ne  présenterait  aucun  in- 
térêt pratique  d'ailleurs,  de  réduire  la  vitesse  de  carbonisation  à 
moins  d'un  demi-degré  par  minute.  Les  vapeurs  de  goudron  pri- 
maire s'échappant,  dès  lors,  sans  craquage,  ne  pourraient  "nourrir 
le  coke,"  c'est-à-dire  remplir  les  espaces  intergranulaires  et  souder 
les  unes  aux  autres  les  particules  de  carbone. 

Si  l'on  tient  compte,  en  outre,  de  l'impossibilité  pratique^^  de 
réduire  à  moins  de  40  cm.,  comme  nous  le  verrons  plus  loin,  la 
largeur  mo5''enne  des  chambres  de  carbonisation,  on  se  rend  compte 
que  le  facteur:  vitesse  de  chauffage  ne  peut  influer  sur  la  qualité 
du  coke  susceptible  d'être  obtenue  à  partir  d'une  houille  donnée. 

Vraisemblablement,  les  fabricants  de  coke  trouveront  la  possi- 
bilité d'étendre  la  gamme  des  houilles  qu'ils  peuvent  traiter  en 
préparant  des  mélanges  répondant  à  une  composition  donnée 
(composés  y)  et  en  leur  faisant  subir  une  préparation  mécanique 
convenable. 

L'épuration  du  charbon  par  des  méthodes  éprouvées  (flottage, 
désargilage,  rhéolaveurs  ou  bacs  à  piston  complétés  par  des  dé- 
schisteurs  automatiques),  le  dosage  de  diverses  qualités  de  houilles 
pour  que  l'ensemble  renferme  une  proportion  voulue  d'éléments 
cokéfiants,  une  préparation  mécanique  rationnelle  des  fines,  telles 
sont,  croyons-nous,  les  conditions  primordiales  pour  que  l'industrie 
du  coke  se  développe  en  Lorraine  et  en  Haute-Silésie,  notamment, 
et  y  donne  les  résultats  énoncés  dans  la  première  partie  de  cette 
étude. 

IL — Qualités  du  coke  à  préparer 

Les  conditions  usuelles  de  réception  des  cokes  en  France  portent 
sur  les  éléments  suivants: 

1°  Humidité — Généralement,  on  demande  qu'elle  ne  soit  pas 
supérieure  à  4  pour  cent.  Il  est  facile  d'arriver  à  ce  résultat.  Il 
faut  et  il  suffit  ne  pas  employer  une  quantité  d'eau  exagérée  lors 
de  l'extinction  du  coke,  et  de  disposer  d'un  quai  convenablement 
incliné  et  de  surface  suffisante  pour  étaler  convenablement  le  coke 
à  sa  sortie  du  coke-car. 


^"11  existe  en  Europe  des  fours  de  35  cm.  de  largeur  moyenne,  mais  on  ne 
voit  pas  très  bien  comment  effectuer  leurs  réparations  sans  trop  de  peine. 
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2°  Teneur  en  soufre — Le  plus  souvent,  on  impose  qu'elle  ne 
dépasse  péis  1  pour  cent. 

3°  Teneur  en  cendres — Si  les  deux  clauses  précitées  ne  donnent 
généralement  pas  lieu  à  des  épreuves  de  réception  sévères,  on  exige 
ici,  strictement,  que  la  teneur  en  cendres  soit  au  maximum  égale 
à  13  pour  cent.  Ceci  se  conçoit,  puisque  la  mise  au  mille  comme 
nous  l'avons  montré  au  Tableau  VIII,  s'élève  d'autant  plus  que  le 
coke  renferme  davantage  de  cendres.  Vraisemblablement,  dans 
un  avenir  plus  ou  moins  proche,  les  métallurgistes  ne  voudront  plus 
recevoir  que  du  coke  à  10  pour  cent  de  cendres  au  maximum,  ce 
qui  se  comprend  en  raison  du  tarif  élevé  des  transports  par  chemins 
de  fer.  La  présence  des  cendres  dans  le  coke  en  accroît  donc, 
d'une  manière  sensible,  le  prix  de  revient. 

En  tout  état  de  cause,  déjà,  en  Allemagne,  on  n'utilise  que  du  coke 
métallurgique  contenant  moins  de  10  pour  cent  de  cendres. 

4°  Résistance  mécanique  du  coke. — La  résistance  mécanique  du 
coke  à  l'écrasement  doit  être  au  moins  égale  à  150  kg.  par  cm.  carré. 
On  peut  mesurer  ce  chiffre  au  moyen  d'une  presse  spéciale  ou  bien 
on  peut  le  rapporter  à  la  cohésion,  déterminée  par  la  méthode  connue 
du   tambour. 

5°  Grosseur  des  morceaux. — Si,  avec  raison,  on  exige  que  le  coke 
possède  une  résistance  donnée  à  l'écrasement  et  qu'il  ne  doit  ni  se 
briser  ni  s'user  au  frottement,  il  importe  encore  que  la  perméabilité 
du  lit  de  fusion  soit  aussi  grande  que  possible.  Par  suite,  le  coke 
métallurgique  doit  se  présenter  en  morceaux  restant  sur  la  fourche 
à  dents  écartées  de  80  mm.  Dans  les  installations  modernes,  où  le 
coke  est  manutentionné  mécaniquement,  on  prend  soin  de  le  tamiser 
sur  des  grilles  à  rouleaux,  de  manière  à  le  débarrasser  des  parties 
molles  et  des  poussiers  qui  peuvent  l'accompagner.^^ 

^^D'après  une  magistrale  étude  de  M.  Derclaye,  parue  dans  les  numéros  de 
Janvier  et  Février  1928dela  "Revue  de  Métallurgie.  "  "Les  bases  scientifiques 
modernes  de  la  conduite  des  hauts-fourneaux  à  grosse  production,"  on  peut 
inférer  qu'il  vaut  mieux  employer  dans  le  haut-fourneau  du  coke  en  petits 
morceaux  afin  d'opposer  plus  d'action  au  vent  (la  surface  présentée  par  un 
mètre  cube  de  coke  est  égale  à  22-44  ou  88  m-  suivant  que  son  calibre  s'élève 
à  200-100  ou  50  mm.)  et  de  réduire  le  temps  nécessaire  à  la  combustion.  On 
doit  s'efforcer,  de  même,  de  préparer  du  coke  actif.  Ces  deux  mesures  com- 
binées avec  une  élévation  de  température  du  vent  soufflé  permettent,  à  égalité 
de  température  dans  la  zone  de  combustion,  de  réduire  la  dépense  de  coke. 

Dans  cet  ordre  d'idées,  la  pratique  américaine  amène  à  calibrer,  puis  à 
classer  les  cokes  ainsi  que  les  minerais  en  morceaux  de  120  mm.,  ce  qui  répond 
aux  conditions  optima  simultanées  de  rapidité  de  combustion,  pression  du 
vent,  etc.,  puis  à  agglomérer  les  fines.  A  ce  propos,  un  métallurgiste  luxem- 
bourgesis,  M.  Gredt,  a  trouvé  une  méthode  pratique  d'agglomération  du 
minerai  pulvérulent  et  du  semi-coke  lequel  trouverait,  de  cette  manière,  un 
débouché  considérable.  Ceci  correspondrait  à  une  impulsion  nouvelle 
imprimée  à  la  technique  de  la  carbonisation  à  basse  température. 
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6°  Réactivité. — On  peut  définir  la  réactivité  le  pouvoir  de  réaction 
entre  l'anhydride  carbonique  et  du  coke  réduit  en  fragments 
passant  au  tamis  N°20  et  restant  sur  le  tamis  N^40,  chauffés  à  la 
température  de  950""  dans  im  four  électrique.  La  réactivité  du  coke 
est  d'autant  plus  élevée  que  le  gaz  résultant  de  la  réaction  renferme 
davantage  d'oxyde  de  carbone.  Jusqu'à  présent,  on  ne  semblait 
pas  s'être  mis  d'accord,  en  aucun  pays,  au  sujet  d'une  méthode 
standard  pour  mesurer  la  réactivité  d'un  coke  et  pour  fixer  un  chiffre 
de  qualité  suivant  cette  base. 

7°  Combustibilité. — Par  combustibilité,  on  entend  la  facilité  de 
combustion  du  coke  en  présence  de  l'oxygène  ou  plus  simplement 
de  l'air.  Pour  apprécier  la  combustibihté  de  diverses  qualités  de 
coke,  on  place  respectivement  dans  de  petits  fours  cyhndriques 
ouverts  à  la  partie  supérieure,  différents  cokes  qui  ont  été  plus  ou 
moins  surchauffés  et  l'on  y  injecte  par  dessous  des  quantités  d'air 
égales.  Le  coke  non  surchauffé  se  consume  plus  rapidement,  une 
plus  grande  quantité  de  carbone  s'y  trouve,  en  effet,  absorbée 
par  la  réaction  avec  l'acide  carbonique,  ce  que  l'on  reconnaît  à 
l'aspect  de  la  flamme  d'oxyde  de  carbone  qui  s'élève  d'autant 
plus  au-dessus  du  four  d'essai  que  le  coke  est  de  combustion  plus 
facile. 

Si  l'on  passe  au  haut-fourneau  un  coke  surchauffé,  donc  de  com- 
bustion difiîcile,  la  température  monte  dans  la  cuve,  le  coke  qui  s'y 
trouve  subit  un  second  surchauffage  et  les  conditions  ne  font  qu' 
empirer.  Le  coke  non  surchauffé,  de  combustion  facile,  é\'ite  au 
contraire  le  surchauffage  grâce  à  sa  réaction  endothermique  avec 
l'acide  carbonique  et  traverse  sans  inconvénient  la  zone  de  haute 
température  pour  arriver  devant  les  tuyères  en  ayant  conservé 
toute  sa  facilité  de  combustion.  Le  meilleur  moyen  d'éviter  l'éléva- 
tion de  température  de  la  cuve  correspond  à  l'emploi  d'un  coke 
bien  approprié  à  son  usage,  donc  de  combustion  facile. 

8°  Porosité. — La  porosité  du  coke  a  également  son  importance, 
elle  augmente  la  facilité  de  combustion  qui  est  fonction  de  la  surface 
offerte  à  l'attaque  de  l'acide  carbonique.  Comme  le  surchauffage 
fait  contracter  le  coke  et  diminue  sa  porosité,  on  voit  ici  encore  que 
le  surchauffage  est  nuisible. 

C. — Les  Fours  à  Coke 

L — Dimensions  à  donner  aux  fours  à  coke 

Nous  avons  réuni  dans  le  tableau  suivant  les  données  essentielles 
d'exploitation  recueillies  par  nous  à  l'occasion  d'un  récent  voyage 
dans  la  Ruhr. 
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TABLEAU  X 


Mdthias- 

Bruch- 

Sachsen 

Hannover 

Stinnes 

strasse 

Dimensions  des  fours: 

Longueur  entre  les  ancrages  ... 

12,18 

12,67 

10,83 

13,59 

Largeur  moyenne 

0.45 

0,45 

0,45 

0,45 

Hauteur 

3,50 

3,80 

3,50 

4,50 

Nombre  de  fours 

70 

48 

30 

72 

Fours  sortis  par  24  heures   (moyenne  de 

plusieurs  mois)  ... 

90 

70 

45 

87 

Durée     moyenne     de     carbonisation     (en 

heures)     ... 

18,40 

16,26 

16 

19,45 

Tonnage  de  charbon  sec  carbonisé  par  24 

heures 

1.250 

1.070 

510 

1.640 

Nombre  de  fours  maximum  sortis  par  24 

heures 

,, 

72 

,, 

100  (1) 

Composition  du  charbon: 

Eau 

9 

10-11 

10 

12 

Matières  volatiles 

25,5 

25,5 

23-24 

20,5-21 

Cendres   ... 

6,5 

6,5 

8 

7 

Gaz: 

Rendement  en  gaz,  m^ 

300 

318 

320 

300 

Pouvoir  calorifique  supérieur  du  gaz  ... 

5.000 

4.800-5.100  4.900-5.000 

4.900-5.000 

Calories-gaz   obtenues   par   tonne   de 

charbon  sec, 

1.500.000 

1.600.000 

1.580.000 

1.480.000 

Ouvriers: 

fours  et  service  du  coke... 

33 

33 

1  ouvrier 
pour  35 1. 
de    char- 
bon    par 

35 

Ensemble    (inclus    le    personnel    des 

24  heures 

usines  à  sous-produits,  les  man- 

œuvres, les  employés  de  labora- 

toire et  des  bureaux,  etc.) 

75 

,, 

,, 

95 

Les    installations    mentionnées    ci-dessus 

ne  sont  pas  encore  à  leur  capacités 

projetées.     Les     nombres     de     fours 

seront,  après  installation  terminée     ... 

180 

140 

90 

130 

Pour  le  service  des  batteries  aux  capacités 

de  production  envisagées,  il  suffira  de 

majorer    le    nombre    d'ouvriers    d'un 

régleur  des  brûleurs  par  équipe.     Le 

nombre     d'ouvriers     s'élèvera     alors 

.  jusqu'à    ... 

36 

36 

1    ouvrier 
aux  fours 
pour  59  t. 
de     char- 
bon  par 
24  heures 

38 

Le  tonnage  de  charbon  sec  carbonisé  par 

24  heures  sera  alors  de  .. . 

2.500 

2.100 

1.020 

2.460 

On  remarquera  que  la  largeur  moyenne  des  chambres  de  carbonisa- 
tion est  égale  à  45  cm.  dans  chacune  de  ces  installations  modernes. 

Au  point  de  vue  de  la  résistance  du  coke  à  l'écrasement,  lors  de 

son  défoumement,  il  semble  difficile  de  construire  des  fours  de  plus 

de  13,6  m.  de  longueur  bien  qu'à  la  Bruchstrasse,  on  n'éprouve 
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aucune  difficulté  à  ce  sujet.  La  puissance  absorbée  par  le  moteur 
actionnant  l'organe  d'explusion  du  coke  hors  du  fours  n'absorbait 
que  70  kW.  De  même,  il  apparaît  improbable  d'obtenir  de  bons 
résultats  d'exploitation  et  ne  de  pas  éprouver  des  craintes  au  sujet 
de  la  stabilité  de  la  maçonnerie  avec  des  fours  de  plus  de  4,50  m.  de 
hauteur.  Cependant,  à  Bottrop,  on  construit  des  fours  de  6  m, 
de  hauteur.     Cela  semble  fort  osé. 

Il  importe  d'exposer  les  raisons  du  choix  général,  aujourd'hui, 
d'une  largeur  de  40-45  cm.  pour  les  fours  à  coke  modernes.  Nous 
la  dénommons  standard.  ^^ 

Voici  l'opinion  qui  prévaut  aux  Etats-Unis. 

Pour  une  même  température  dans  les  piédroits,  la  durée  de 
carbonisation  est  proportionnellement  plus  élevée  dans  les  fours  de 
50  cm.  que  dans  ceux  de  40  cm. 

Pour  carboniser,  dans  le  même  temps,  une  charge  de  houille  con- 
tenue dans  un  four  de  50  cm.  et  une  autre  dans  un  four  de  40  cm. 
la  température  dans  le  piédroit  du  premier  doit  être  beaucoup  plus 
élevée  que  dans  celui  du  second. 

A  égalité  de  température  dans  le  piédroit,  la  production  de  coke,  par 
four-jour,  est  beaucoup  plus  forte  dans  la  chambre  étroite  que  dans 
la  chambre  large. 

Au  point  de  vue  des  résultats  d'exploitation,  il  convient  de  tenir 
compte  des  quatre  facteurs  essentiels  que  voici,  en  se  basant  sur 
une  même  production  de  coke  dans  les  deux  cas  envisagés. 

Le  four  de  50  cm.  donne  davantage  de  coke  surchauffé  que  le  four 
de  40  cm. 

L'emploi  de  coke  surchauffé  provoque  une  mise  au  mille  plus 
élevée  dans  le  haut-fourneau. 

Une  température  plus  forte  dans  les  piédroits  entraîne  une  réduc- 
tion du  rendement  en  sous-produits. 

La  campagne  d'im  four  se  réduit,  si  l'on  accroît  la  température 
dans  les  piédroits  au-dessus  de  la  valeur  normale. 

*^Précisant  son  point  de  vue,  au  sujet  du  calibrage  des  cokes,  M.  Derclaye 
conclut  comme  suit  son  étude:  "Les  bases  scientifiques  modernes  de  la  conduite 
des  hauts-fourneaux  à  grosse  production,"  dans  la  "Revue  de  Métallurgie "  de 
Mars   1928: 

"Nous  pouvons  obtenir  des  résultats  au  moins  aussi  favorables  qu'en  Amérique 
en  agrandissant  le  diamètre  de  nos  creusets,  mais  lorsque  nous  voudrons, 
calibrer  nos  cokes,  pour  en  activer  la  combustion,  nous  irons  à  la  catastrophe 
si  nous  ne  prenons  pas  en  même  temps  des  dispositions  pour  concasser  et 
calibrer  les  minerais  et  éliminer  les  fins. 

"Si  nous  voulons  augmenter  la  capacité  d'absorption  des  matières  de  nos 
fourneaux,  il  faut  en  même  temps  augmenter  leur  capacité  digestive. 

"En  dehors  de  cette  conception,  il  n'y  aura  que  des  déboire." 

On  ne  peut  être  plus  net  et  ceci  explique,  croyons-nous,  le  choix  de  la  largeur 
standard  de  40-45  centimètres  pour  les  fours  à  coke  modernes. 
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On  porte  encore  à  l'actif  des  fours  les  plus  étroits  les  considérations 
suivantes: 

Moins  de  mousse  dans  le  coke 
Meilleur  coke  à  égalité  de  qualité  de  charbon 
Obtention  de  coke  de  bonne  qualité  à  partir  de  houille  à  forte 
teneur  en  matières  volatiles,   spécialement  lorsque  celle-ci 
renferme  une  forte  proportion  d'oxygène 
Rendement  meilleur  en  goudron,  ammoniac  et  benzol 
Température  plus  basse  à  égalité  de  vitesse  de  carbonisation 
En  réalité,  nous  pensons  que  dans  une  installation  de  fours  à  coke 
de  l'importance  de  celle-ci  envisagée,  on  peut  donner  aux  chambres 
de  carbonisation  les  dimensions  suivantes: 

Longueur    ...  ...  ...  ...  ...      1 3  à  1 4  m. 

Hauteur  sous  clef  .. .  ...  ...  ...        4  m.  50 

Largeur  moyenne  .. .  ...  0,40  à  0,45  cm. 

Nous  avons  constaté  dans  la  Ruhr  que  les  fours  Otto  présentant 
ces  dimensions  donnaient  du  coke  de  parfaite  quahté  et  que  l'écart 
de  température  entre  la  base  et  le  sommet  du  piédroit  ou  entre  la 
base  et  la  tête  du  gâteau  de  coke,  au  moment  de  son  détournement, 
ne  dépassait  pas  40°. 

II. — Importance  de  la  cokerie  à  installer 

En  donnant  aux  cellules  les  dimensions  qui  viennent  d'être  indi- 
quées, on  peut  y  charger  18,9  tonnes  de  charbon  à  10-11  pour  cent 
d'eau,  c'est-à-dire  17  tonnes  de  charbon  sec  que  l'on  peut  carboniser 
en  18  h  i-19  heures.  La  puissance  de  carbonisation  par  four-jour 
s'élève  à  21,5-22  tonnes  par  24  heures. 

Par  conséquent,  pour  le  traitement  envisagé  de  2.440  t  de  charbon 
sec  par  24  heures,  il  faudrait  114  fours.  Leurs  piédroits,  la  sole, 
seraient  construits  en  briques  de  silice. ^^ 

Pour  tenir  compte  du  coefficient  de  dilatation  élevé  de  ce  matériau, 
on  juge  préférable,  en  général,  de  ne  pas  grouper  plus  de  36  fours 
dans  la  même  batterie. 

-'L'emploi  de  briques  en  silice  s'impose  dans  les  fours  à  coke  modernes,  parce 
que,  seules,  elles  permettent  le  recours  aux  températures  élevées  (jusqu'à 
1.400°  dans  les  piédroits  des  fours  modernes,  au  lieu  de  L100°,  au  maximum 
dans  les  chambres  en  briques  silico-alumineuses)  et  permettent  ainsi  l'abrège- 
ment de  l'opération  de  carbonisation.  Un  point  important  reste  à  élucider. 
Il  concerne  la  densité  absolue  de  la  brique  en  silice.  Celle  qu'emploient  les 
Allemands,  de  densité  égale  à  2,36  au  maximum  donne  lieu,  en  plus  d'une 
dilatation  thermique  réversible  de  1,2-1,5  à  1.200°,  à  une  dilatation  permanente 
provoquée  par  l'achèvement  ultérieur  de  sa  transformation,  susceptible  d'at- 
teindre 1  pour  cent.  Elle  se  produit  peu  à  peu  au  cours  de  l'exploitation, 
surtout  pour  une  marche  à  température  élevée.  En  revanche,  la  mise  à  feu 
est  plus  aisée  qu'avec  les  briques  de  densité  2,32  ne  présentant  qu'une  dilatation 
thermique  réversible  de  1,3-1,6  pour  cent  à  1.200°.  Des  spécialistes  français 
des  mieux  autorisés,  estiment  que  les  Américains  se  sont  peut-être  exagérés  les 
inconvénients  éventuellement  dus  à  des  briques  incomplètement  transformées. 
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Nous  ne  reviendrons  pas  ici  sur  les  détails  de  construction  et 
l'équipement  des  fours  à  coke  modernes,  étudiés  dans  notre  mémoire: 
"Le  développement  de  l'industrie  du  coke  métallurgique  dans  la 
Ruhr,"  paru,  en  août  1928,  dans  le  Génie  Civil. 

On  peut  se  demander  à  quel  prix  reviendrait  une  installation  de 
cette  importance.  On  estime  qu'un  four  de  ce  genre  avec  les  usines 
à  sous-produits,  en  complet  ordre  de  marche,  reviendrait  à  650.000  fr. 
soit  74,1  miUions  de  francs  pour  toute  l'usine.  Cela  semble 
énorme,  mais  avec  des  foiu-s,  type  1920,  susceptibles  de  carboniser 
chacun  6  tonnes  de  charbon  par  jour,  il  faudrait  407  chambres 
dont  le  prix  de  revient  moyen  par  imité  eût  été  de  200.000  fr.,  soit 
80  millions  pour  l'ensemble.  Dans  cette  évaluation  ne  figurent  pas 
les  terrains,  évidemment  beaucoup  plus  importants  dans  le  second 
cas.  Au  surplus,  dans  les  anciennes  cokeries,  on  ne  produit  que 
5  tonnes  de  coke  par  ouvrier-jour  au  lieu  de  30  tonnes  dans  les 
nouvelles.  On  s'aperçoit  encore  des  économies  considérables  que 
procurent  les  nouveaux  modèles  de  fours^*  lorsqu'on  songe  à  toutes  les 
dépenses  accessoires,  par  exemple,  le  logement  des  ouvriers,  aujourd' 
hui  de  rigueur  dans  toutes  les  grandes  sociétés  minières  et  métal- 
lurgiques. 

Quel  délai  faut-il,  enfin,  pour  construire  une  cokerie  de  cette  im- 
portance? Dans  la  Ruhr,  il  a  sufiî  de  6  mois  pour  édifier  les  70 
fours  de  la  mine  Sachsen  et  il  en  a  fallu  9  pour  les  72  fours  de  la 
Bruchstrasse,  en  tenant  compte  du  temps  nécessaire  à  l'enlèvement 
d'un  déblai  sur  une  hauteur  de  15  m.  Dans  le  cas  nous  occupant, 
il  suffirait  sans  doute  de  10  mois  depuis  le  premier  coup  de  pelle 
jusqu'à  la  mise  à  feu. 

III. — Gaz  de  chauffage  à  employer 

Dans  nos  précédentes  études,  nous  avons  indiqué  toutes  les  pré- 
cautions à  prendre  dans  l'aménagement  des  fours  susceptibles 
d'être  chauffés  au  gaz  de  fours  à  coke  ou  au  gaz  de  hauts-fourneaux. 
Il  serait  donc  superflu  d'y  revenir  ici.^^ 

Notons  que  dans  toutes  les  installations  Otto,  de  construction 
récente,  que  nous  avons  visitées  dans  la  Ruhr,  les  fours  appartiennent 
au  modèle  compound  permettant,  par  conséquent,  le  réchauffage 
simultané  de  l'air  comburant  et  d'un  gaz  de  chauffage  à  faible 
pouvoir    calorifique.     Effectivement,    on    sait    qu'en    dehors    de 

ä^C'est  d'autant  plus  intéressant  à  constater  que  les  briques  de  silice  employées 
dans  les  fours  modernes  coûtent  de  50  à  100%  plus  cher  que  les  matériaux 
silico-alumineux  rentrant  dans  la  construction  des  fours  ancien  modèle. 

26Ch.  Berthelot:  Les  combustibles  dans  l'industrie  moderne.  Baillières, 
éditeurs.     (Vient  de  paraître.) 
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l'emploi  de  gaz  à  l'eau  ou  de  gaz  de  fours  à  coke,  on  ne  pourrait 
obtenir  la  température  de  régime  voulue  dans  les  piédroits  sans 
réchauffer  simultanément,  mais  dans  des  régénérateurs  distincts, 
l'air  comburant  et  le  gaz  pauvre.  Il  nous  semble  superflu  de  revenir 
sur  les  détails  de  construction  de  ces  fours. 

A  la  Bruchstrasse,  le  chauffage  des  fours  sera  prochainement 
assuré  par  du  gaz  de  hauts-fourneaux.  Ailleurs,  à  la  mine 
"Hannover,"  par  exemple,  on  a  prévu  l'usage  de  gaz  mixte  de 
gazogènes  résultant  de  la  gazéification  de  petits  cokes,  mais  jamais, 
on  n'envisage  l'usage  de  gazogènes  à  houille:  il  semble  bien 
que,  jusqu'à  présent,  on  ne  dispose  point  d'appareils  de  ce 
genre  permettant  réellement  la  récupération  de  sous-produits  de 
bonne  quahté,  spécialement  celle  d'un  goudron  primaire  exempt  de 
poussières. 

En  ce  qui  concerne  l'épuration  du  gaz  mixte  ou  du  gaz  de  haut- 
fourneau  destiné  au  chauffage  des  fours  à  coke,  on  estime  communé- 
ment que  les  résultats  les  plus  sûrs  proviennent  de  l'emploi 
d'épurateurs  humides. 

Nous  n'insisterons  pas  sur  les  précautions  prises  dans  le  four 
Otto  pour  régulariser  le  chauffage  sur  toute  la  hauteur  du  piédroit. 
Remarquons  seulement  que  le  dispositif  employé  consiste  à  prolonger, 
de  deux  en  deux,  de  plusieurs  dizaines  de  centimètres  au-dessus  de 
la  sole  du  four,  la  hauteur  des  brûleurs,  afin  de  relever  pareillement 
le  point  d'inflammation  du  gaz  de  chauffage. 

Il  nous  semble  hors  de  doute  que,  dans  les  établissements  métal- 
lurgiques, le  chauffage  des  fours  à  coke  au  moyen  des  gaz  de  hauts- 
fourneaux  se  générahse.     Effectivement: 

Dans  de  nombreuses  usines,  à  certaines  heures  de  la  journée,  on 
doit  se  résigner  à  perdre  le  gaz  de  hauts-fourneaux.  C'est  qu'en 
raison  de  son  faible  pouvoir  calorifique,  ses  frais  de  stockage  en 
gazomètre  seraient  supérieurs  à  sa  valeur  propre.  Il  y  a  donc  tout 
intérêt  à  l'utihser  à  débit  constant  pour  le  chauffage  des  Cowpers 
et  des  fours  à  coke,  consommateurs  réguuers  utihsant,  à  eux  seuls, 
comme  le  montre  le  tableau  IV,  53  pour  cent  de  la  production  de 
ce  gaz. 

Le  four  à  coke  apparaît  comme  un  véritable  transformateur  du 
potentiel  thermique  du  gaz.  Il  reçoit  du  gaz  de  hauts-fourneaux 
à  900  cal.,  aux  emplois  limités,  et  il  rend  du  gaz  de  fours  à  coke 
à  4.500  cal.  aux  usages  en  quelque  sorte  iUimités:  chauffage  des 
fours  Martin,  éclairage  des  villes,  fabrication  de  produits  chimiques, 
etc.  En  raison  de  sa  haute  valeur,  on  peut  et  on  doit  donc  l'em- 
magasiner en  gazomètres. 
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L'économie  du  problème  posé  se  trouve  donc  complètement 
améliorée. 

Remarquons  que  l'on  pourrait  encore  disposer  des  déchets  de  coke 
dont  on  produirait  7,6  tonnes  par  heure,  mais  la  gazéification  de 
ceux-ci  ne  donnerait  pratiquement  guère  plus  de  35  millions  de 
calories,  alors  qu'il  en  faudrait  54  millions  pour  la  carbonisation 
de  la  houille.  Il  serait  donc  nécessaire  de  recourir  à  un  gaz 
d'appoint,  ce  qui  ne  présenterait  point  de  difficultés,  d'ailleurs,  car 
on  dispose,  à  présent,  d'appareils  régulateurs  pour  préparer  du  gaz 
à  pouvoir  calorifique  constant. 

Une  question  cardinale  à  résoudre  et  à  suivre  de  très  près,  en  cours 
d'exploitation,  se  rapporte  à  l'épuration  du  gaz  de  chauffage,  s'il 
provient  du  haut-foumeau  ou  de  gazogène.  La  pratique  la  meilleure 
consiste  à  combiner  l'épuration  sèche  et  l'épuration  humide. 

En  tout  cas,  tant  pour  les  moteurs  à  gaz  que  pour  les  fours  à  coke, 
il  importera  de  disposer  constamment  d'un  gaz  ne  contenant  que 
quelques  miUigrammes  de  poussières  par  mètre  cube.  Effective- 
ment, un  moteur  alimenté  avec  du  gaz  contenant  1  gramme  de 
poussières  par  mètre  cube  donne  des  signes  de  faiblesse  au  bout  de 
200  heures  de  marche,  alors  que,  si  l'épuration  est  poussée  jusqu'à 
2  centigrammes  par  mètre  cube,  il  tourne  aisément  et  normalement 
pendant  1 .000  heures  consécutives. 

De  même,  pour  éviter  l'accumulation  de  poussières,  soit  dans  les 
piédroits  des  fours  à  coke  où  elles  pourraient  provoquer  des  fusions, 
soit  dans  les  régénérateurs  de  chaleur  dont  elle  abaisserait  le  rende- 
ment thermique,  l'épuration  du  gaz  pauvre  devra  être  surveillée 
avec  le  plus  grand  soin. 

IV. — Qualité  du  gaz  de  fours  à  coke  et  réglage  de  son  pouvoir  calorifique 

Au  chapitre  II,  nous  avons  indiqué  comment  le  pouvoir  calorifique 
d'un  gaz  normal  et  débenzolé  est  susceptible  de  varier  suivant  la 
nature  de  la  houille  que  l'on  met  en  œuvre.  Rapidement,  indiquons 
comment  l'on  parvient  à  maintenir  dans  des  limites  étroites  ce 
pouvoir  calorifique,  c'est-à-dire  à  régler  l'aspiration  du  gaz  sur  les 
fours  à  coke. 

Auparavant,  rappelons  que  nous  avons  qualifié  plus  haut  de  "gaz 
normal,"  un  gaz  de  fours  à  coke  ne  contenant,  en  moyenne,  pas  plus 
de  7  pour  cent  d'azote  et  dont  le  critère  de  quahté  peut  encore  être 
représenté  par  le  pouvoir  calorifique,  fonction  essentielle,  répétons- 
le,  de  la  teneur  en  matières  volatiles  de  la  houille  mise  en  œuvre. 

Or,  à  égalité  de  quahté  de  charbon  traité  et  de  température  de 
carbonisation,  la  qualité  du  gaz  de  fours  à  coke  dépend: 
1446 


FRANCE:    CO-ORDINATION   IN  METALLURGICAL    WORKS 

du  mode  de  fermeture  des  chambres  de  carbonisation 
de  la  pression  dans  le  four  ou,  plus  généralement,   dans  le 
barillet. 

Nous  ne  reviendrons  pas  ici  sur  les  progrès  considérables  apportés, 
au  cours  de  ces  dernières  années,  dans  le  mode  de  fermeture  des 
chambres  de  carbonisation.  Nous  avons  indiqué  par  nos  études 
parues  en  août  1928,  dans  le  "Génie  Civil"  comment  les  nouvelles 
portes  de  fours  à  coke  sont  construites,  manœuvrées  et  appliquées, 
à  joint  étanche,  contre  les  alvéoles. 

La  pression  optimum  dans  le  barillet  atteint  généralement  1  mm. 
en  colonne  d'eau,  mais  elle  dépend  de  la  hauteur  des  colonnes 
montantes,  de  la  température  des  produits  de  la  distillation.  Elle 
peut  se  trouver  affectée  par  l'aménagement  plus  ou  moins  rationnel 
des  cameaux  du  piédroit  et  par  la  section  du  barillet. 

Relativement  à  l'aménagement  du  piédroit,  afin  de  pouvoir 
éviter  des  écarts  appréciable  de  pression  entre  la  chambre  de 
carbonisation  et  la  chambre  de  chauffage  ou  piédroit — question 
essentielle  pour  le  rendement  en  sous-produits,  on  a  supprimé  dans 
tous  les  fours  à  grande  capacité  de  production  le  canal  collecteur 
établi  à  la  partie  supérieure  des  cameaux  verticaux  du  piédroit. 
D'une  façon  générale,  un  carneau  montant  y  est  suivi  d'un  carneau 
descendant.  Du  four  Otto  au  four  Becker,  il  peut  exister  plusieurs 
variantes,  mais  ce  principe  de  construction  reste  sauf. 

En  ce  qui  concerne  la  section  du  barillet,  on  la  réduit  dans  la  mesure 
admissible  en  abaissant  dans  cet  organe  la  température  du  gaz 
jusqu'à  85  à  110°,  par  une  pulvérisation  d'eau  ammoniacale  dans  la 
colonne  montante.  Le  progrès  est  considérable  par  rapport  aux 
anciennes  cokeries  où  la  température  dans  le  barillet  se  trouve 
approximativement  égale  à  350°. 

Un  de  nos  meilleurs  spécialistes  de  l'industrie  du  coke:  M.  Arnu, 
a  montré  par  ime  récente  étude,  comment,  dans  tme  cokerie  de  l'Est, 
il  avait  réussi  à  niveler  la  pression  dans  le  barillet,  et,  par  le  fait 
même,  la  qualité  du  gaz  qu'il  produit. ^^ 

Dans  la  Ruhr,  on  fait  usage  dans  toutes  les  grandes  cokeries, 
d'un  appareil  régulateur,  dit  Askania,  pour  uniformiser  la  pression 
au  barillet,  aux  brûleurs,  au  pied  de  la  cheminée,  etc. 

V. — Echelonnement  des  opérations  de  défoiirnement  du  coke 

Dans  les  grandes  installations  allemandes  et  américaines,  les  dé- 
foumements  du  coke  se  suivent  à  un  rythme  donné  qui  oblige  à  un 
contrôle  rigoureux  du  chauffage  régulier  des  fours  et  permet  d'éviter: 

2* Arnu — Technique  Moderne — Juillet   1928. 
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les  va-et-vient  des  machines:  wagons  d'enfournement,  défoumeuses, 
wagon  d'extinction  et,  par  suite,  des  dépenses  improductives  de 
force  motrice. 

l'expulsion  d'un  gâteau  de  coke  à  côté  d'un  four  vide  ou  récemment 
chargé — manquant  ainsi  de  la  rigidité  voulue  pour  résister  à  l'effort 
mécanique  que  supporte  la  maçonnerie  lors  d'un  défoumement, 
ce  qui  peut  entraîner  des  avaries  atix  piédroits.  Tout  au  moins, 
l'arrivée  consécutive  d'une  charge  froide  et  humide  de  charbon 
abaisse  nécessairement  la  température  des  deux  piédroits  voisins. 


TABLEAU  XI 


1  °  Serie 

i 

°  Série 

3 

°  Série 

Numéro 

Numéro 

Numéro 

des 
fours 

Heures  des 

Heures  des 

Heures  des 

défournements 

fours 

défournements 

fours 

défournements 

1  A 

12  H  00 

4A 

13  H   49 

7  A 

15  H  36 

11  A 

12  H  09* 

14A 

13  H  58 

17  A 

15  H  45 

21  A 

—       18 

24  A 

—  65 

27  A 

— 

31  A 

—      27 

34  A 

— 

37  A 

— 

41  A 

—      36 

44  A 

— 

47  A 

— 

51  A 

—      45 

54  A 

— 

57  A 

— 

1  B 

—      54 

4B 

— 

7B 

— 

11  B 

13  H  03 

14B 

17B 

—  etc. 

21  B 

—       12 

24  B 

— 

27  B 

— 

31  B 

—       21 

34  B 

— 

37  B 

— 

41  B 

—       30 

44  B 

— 

47  B 

— 

51  B 

—      40 

54  B 

15  H   27 

57  B 

— 

Un  tableau  dit  à  "série  de  trois,"  freéqumment  employé,  a  été 
décrit  dans  l'ouvrage  connu  de  H.  Porter.  Les  séries  portent,  par 
conséquent,  les  numéros  1,  4,  7,  10,  etc.  A  leur  tour,  les  séries 
comportent  respectivement  les  numéros  1,  2,  3,  etc.  L'ordre  des 
défournements  s'enchaînera  donc,  par  exemple,  comme  le  montre  le 
tableau  XI  dans  une  installation  comprenant  deux  batteries  A  et  B 
de  60  fours  chacune  (cas  exceptionnel,  mais  choisi  pour  plus  de 
simplification,  car  on  tend  aujourd'hui  à  ne  pas  construire  plus  de 
36  fours  dans  la  même  batterie). 


*L'intervalle  de  9  minutes  entre  deux  défournements  peut  sembler  court. 
Il  n'en  est  rien,  grâce  aux  machines  perfectionnées  dont  on  dispose.  Sur 
les  fours,  le  wagon  d'enfournement  se  déplace  à  la  vitesse  de  2,50  m.  par 
seconde  et  l'on  sort  le  saumon  de  coke  à  la  vitesse  de  40  m.  par  minute;  à 
la  mine  Sachsen  et  à  la  Bruchstrasse,  par  exemple. 
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D, — Fours  Martin 

I, — Conditions  d'emploi  du  gaz  de  fours  à  coke  pour  le  chauffage  des 
fours  Martin 

L'emploi  du  gaz  de  fours  à  coke  procure  ici  les  avantages  suivants: 
suppression  des  manutentions  de  charbons  dans  l'usine,  du  chômage 
éventuel  des  wagons,  du  déchargement  et  de  l'emmagasinage  dans 
les  trémies  des  fours,  etc.,  de  l'économie  de  main-d'œuvre  par  la 
suppression  des  gaziers. 

Par  contre,  on  objecte  que  le  rendement  calorifique  des  fours 
Martin  devient  mauvais  parce  qu'il  faut  brûler  le  gaz  de  fours  à  coke 
avec  un  excédent  d'air  d'environ  20  pour  cent  pour  éviter  une 
température  trop  élevée  dans  le  laboratoire — cause  de  l'usure 
prématurée  des  matériaux  réfractaires — d'où  un  supplément  de 
pertes  à  la  cheminée  d'environ  10  pour  cent  par  rapport  au  chauffage 
avec  du  gaz  de  gazogènes,  etc. 

Toutes  ces  conditions  on  été  fort  bien  exposées  par  M.  Blage,  au 
premier  Congrès  du  Chauffage  (P.  372-380  de  "Chaleur  et  Industrie," 
Juillet  1923).  Depuis  lors,  on  a  réalisé  des  progrès  appréciables 
dans  cette  voie,  en  particulier: 

1  ° — Par  les  travaux  de  M.  Dupuis,  Directeur  des  Usines  du  Centre, 
à  Montluçon,  on  sait  que  l'on  peut  réchauffer  le  gaz  de  fours  à  coke 
jusqu'à  la  température  de  1.000°,  par  son  passage  dans  les  généra- 
teurs de  chaleur,  sous  condition  de  le  saturer  de  vapeur  d'eau  ou 
bien  de  le  couper  avec  quatre  fois  son  volume  de  gaz  mixte  ou  de 
gaz  de  hauts-fourneaux  et  de  manière  que  la  température  théorique 
de  combustion  de  ce  mélange  atteigne  2.500-2.600°.  Autrefois 
compliqué,  ce  dosage  est  tout  à  fait  aisé  aujourd'hui,  parce  que 
l'on  dispose  d'appareils  automatiques  de  mélange  au  fonctionnement 
précis.  C'est  d'autant  plus  intéressant  que  l'établissement  métallur- 
gique ici  envisagé  produit  par  24  heures  169  tonnes  de  petits 
cokes.  Il  suffirait  d'en  distraire  20  tonnes  pour  rendre  disponible 
20.000  m^  de  gaz  de  fours  à  coke  que  l'on  affecterait  pour  d'autres 
usages:  besoins  urbains,  produits  synthétiques. 

2° — Les  difficultés  de  marche  des  fours  Martin,  dues  aux  irrégu- 
larités du  pouvoir  calorifique  du  gaz  de  fours  à  coke  sont  aujourd'hui 
supprimées,  comme  nous  l'avons  montré  au  chapitre  V de  la  troisième 
partie  de  cette  étude,  lorsque  l'on  se  sert  de  régulateurs  automatiques. 

En  définitive,  retenons  que  l'on  peut  établir  ime  heureuse  liaison 
non  seulement  entre  le  four  Martin  et  le  four  à  coke,  mais  encore  entre 
le  four  Martin  et  le  haut-fourneau. 
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E. — Emploi  des  Gaz  Disponibles^' 
On  peut  envisager  divers  moyens,  savoir: 

I. — Production  de  force  motrice 

L'énergie  électrique  susceptible  d'être  engendrée  dans  l'établisse- 
ment métallurgique  en  cause  représente  257  kWh.  par  tonne  de 
produits  métalliques  finis.  C'est  là  une  source  incomparable  de 
richesses  dont  l'inventaire  a  suscité  de  M.  Roy  les  conclusions 
suivantes.^^ 

"Pour  1  ensemble  des  usines  de  l'Est,  la  puissance  théorique 
disponsible  "en  potentiel"  dans  les  gaz  représente,  en  chiffres  ronds, 
de  200.000  à  400.000  kilowatts.  On  peut  dire,  sans  crainte  de  se 
tromper,  que  même  si  tous  les  progrès  que  l'on  peut  déjà  relever  dans 
certaines  usines  ne  se  généralisaient  pas,  c'est,  au  bas  mot,  100.000 
kilowatts  dont  le  bassin  peut  disposer,  après  satisfaction  des  besoins 
internes  des  usines, 

'La  consommation  intérieure  du  bassin,  pour  les  besoins  autres  que 
ceux  des  usines  protectrices,  étant  de  50.000  kilowatts  maximum,  on 
voit  combien  est  grande  la  marge  des  disponibilités  pour  la  vente 
à  l'extérieur  du  bassin. 

"Cette  marge  permettrait  de  faire  face  à  la  plus  grande  partie  de 
la  consommation  de  toute  la  région  économique  de  l'Est,  la  compa- 
raison faite  sur  les  prix  de  revient  de  l'énergie  thermique  et  de 
l'énergie  d'origine  métallurgique  montre  que  les  transports  de  cette 
dernière  dans  toute  cette  région  sont  possibles. 

"On  peut  donc  économiser  une  part  importante  de  la  houille  con- 
sommée dans  les  centrales  thermiques  de  l'Est,  consommation  qui 
doit  atteindre  très  rapidement  1.500.000  tonnes  par  an  et  réduire 
d'autant  les  importations  de  combustibles." 

Un  récent  voyage  d'études  en  Meurthe  et  Moselle  nous  a  permis  de 
nous  rendre  compte  de  ce  qui  a  été  accompli  dans  cette  voie. 
Résumons  brièvement  ces  observations, 

IL — Distribution  à  distance  du  gaz  de  fours  à  coke 
En  attendant  de  revenir  sur  les  projets  en  cours  pour  la  France, 

*'Nous  laisserons  ici  de  côté,  d'une  manière  systématique,  tout  ce  qui  se 
rapporte  à  l'utilisation  du  gaz  de  fours  à  coke  pour  la  fabrication  de  l'ammoniac 
et  des  carburants  par  voie  de  synthèse.  Ces  fabrications  alourdiraient 
peut-être  beaucoup  les  conditions  d'exploitation  des  grands  établissements 
sidérurgiques.  Au  surplus,  nous  avons  traité  ce  sujet  dans  la  Revue  de  l'Indus- 
trie Minérale,  octobre  1928,  et  dans  le  Bulletin  de  la  Société  d'Encouragement 
pour  l'Industrie  Nationale,  novembre  1928. 

^*On  consultera  également  avec  grand  profit:  J.  Seigle,  Production  et  utilisa- 
tion de  la  force  motrice  électrique  dans  les  grandes  usines  métallurgiques 
de  l'Est  de  la  France.  Revue  de  l'Industrie  Minérale,  15-15  Juin  et  1°  Juillet 
1928. 
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donnons  les  renseignements  ci-après,  d'après  le  "Stahl  und  Eisen" 
(9  février  1928)  et  le  "Génie  Civil"  (5  Mai  1928)  sur  le  but  poursuivi 
par  la  Kohlen  Verwertung  ou  Société  pour  la  mise  en  valeur  de  la 
houille.  Il  correspond  à  l'utilisation  rationnelle  des  9  milliards  de 
mètres  cubes  de  gaz  résultant  de  la  fabrication  annuelle  de  20  millions 
de  tonnes  de  coke  dans  la  Ruhr.  La  marge  de  possibilité  apparaît 
large  puisque  la  consommation  moyenne  de  gaz  par  habitant  et 
par  an  ne  s'élève  qu'à  51  m.^  en  Allemagne,  au  Heu  de  178  en  Angle- 
terre et  de  1 1 7  en  Australie.  Dans  les  villes  rhénanes  qui  emploient 
du  gaz  de  fours  à  coke,  ce  chiffre  de  consommation  varie  entre 
214  m.^  (Barmen)  et  252  m.^  (Solingen),  soit  deux  à  trois  fois  de  la 
valeur  correspondante  pour  les  villes  qui  ne  disposent  que  d'une 
usine  locale,  soit  83  m.^  (Duisbourg)  et  130  m.^  (Düsseldorf). 

Le  réseau  dont  la  construction  est  en  cours  comprend:  un  collecteur 
général  traversant  toute  la  région  industrielle  de  Mülheim  à  Düssel- 
dorf, une  branche  occidentale  descendant  de  Mülheim  à  Düsseldorf 
et  devant  aller  jusqu'à  Cologne  et  une  branche  orientale,  de  Dort- 
mund vers  Siegen.  La  réunion  de  ces  deux  branches,  de  Cologne 
à  Siegen,  est  envisagée  également.  Le  collecteur  général  présente 
un  diamètre  de  800  mm.  de  même  que  le  débit  de  la  branche  occi- 
dentale, où  la  pression  ne  doit  pas  dépasser  3  atm.  pour  un  débit 
pouvant  atteindre  500  millions  de  mètres  cubes  par  an.  Pour  la 
branche  orientale,  dont  on  prévoit  le  développement  ultérieur 
jusque  dans  l'Allemagne  du  Sud,  on  envisage  des  pressions  de 
10  à  15  atm. 

Le  gaz  doit  répondre  aux  conditions  suivantes:  le  pouvoir  calori- 
fique ne  doit  pas  être  inférieur  à  4.300  calories;  le  gaz  doit  être 
exempt  de  goudron  et  d'hydrogène  sulfuré,  il  ne  doit  pas  renfermer, 

aux  100  m.^,  plus  de        grammes  de  naphtaline,  p  étant  la  pression 

P 
à  l'origine  de  la  canalisation.  Le  poids  spécifique  du  gaz  par  rapport 
à  l'air  doit  être  de  0,5  avec  une  tolérance  de  ^  2  pour  cent;  l'oxygène 
ne  doit  pas  dépasser  0,5  pour  cent  en  volume  et  le  soufre  organique 
25  grammes  aux  100  m.^;  la  température  du  gaz  ne  doit  pas  dépasser 
30°  à  son  entrée  dans  la  conduite. 

Pour  mesurer  le  gaz,  on  se  sert  de  compteurs  à  mesure  de  vitesse, 
mais,  comme  leurs  indications  ne  sont  précises  que  pour  un  débit 
suffisamment  élevé,  ils  sont  mis  automatiquement  hors  circuit  dès 
que  le  débit  tombe  au-dessous  d'une  certaine  valeur  et  remplacée 
par  des  compteurs  d'usine  ordinaries,  à  mesure  directe  de  volume. 

La  Kohlenverwertung  estime  que  l'utilisation  du  gaz  de  fours  à 
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coke  distribué  dans  ces  conditions, s'effectuera  de  lamanière  suivante: 

Besoins  urbains  ...  ...  ...        1 0  à  20  pour  cent. 

Consommation  industrielle  ...  ...       90  à  80  pour  cent. 

Déjà,  du  gaz  de  cokeries  sert  à  l'alimentation  des  fours  à  réchauffer 
pour  le  laminage  des  tôles.  Un  four  ayant  une  production  moyenne 
journalière  de  70  tonnes  de  tôles  de  0  mm.  8  à  2  mm.  amenées  à 
950°,  consomme  environ  200  m.^  de  gaz  par  tonne  de  métal.  On 
emploie  aussi  des  fours  à  réchauffer  pour  le  forge  age  des  arbres 
(mais,  dans  ce  cas,  la  consommation  est  difficile  à  évaluer,  car  le 
nombre  de  réchauffages  nécessaires  peut  varier),  des  fours  à 
tréfilerie,  etc. 

III. — Aménagement  des  centrales  utilisant  du  gaz  de  hauts-fourneaux 

A  la  suite  du  tableau  III  de  cette  étude,  nous  avons  supposé  que 
l'énergie  électrique  était  engendrée  à  partir  du  gaz  de  hauts- 
fourneaux  consommé  dans  des  moteurs  à  gaz.  Cette  conception  se 
trouve  très  en  honneur  en  Lorraine,  au  Luxembourg  et  en  Allemagne. 
Une  tendance  plus  récente  consiste  à  produire  la  force  motrice  au 
moyen  de  moteurs  à  gaz  et  de  chaudières,  la  proportion  s'en  élevant 
à  2/3  pour  les  moteurs  à  gaz  et  1/3  pour  les  chaudières.  Ceci  permet 
d'accroître  la  sécurité  et  la  souplesse  de  la  production  de  l'énergie 
électrique.  Il  a  été  motivé,  en  outre,  dans  bien  des  cas,  par  le  prix 
très  élevé  de  l'installation  et  de  l'entretien  des  moteurs  à  gaz. 

La  pratique  a  indiqué  que  l'on  pouvait  tabler  sur  un  rendement 
de  26  pour  cent  poiu-  les  moteurs  à  gaz  pourvus  de  chaudières 
utilisant  la  chaleur  sensible  du  gaz  d'échappement  de  ces  moteurs 
et  de  19  pour  cent  pour  les  groupes  chaudières-turbines  à  vapeur- 
alternateurs.  Le  rendement  global  s'élève  donc  à  23,6  pour  cent, 
ce  qui  correspond  à  une  consommation  de  4,05  m^.  de  gaz  par 
kiJowatt-heure  ou  à  une  consommation  de  3.645  calories  par  kilowatt- 
heure, inférieure  de  10  pour  cent  par  conséquent,  à  celle  que  nous 
avons  prévue.  Cette  remarque  rend  tangible  la  marge  de  sécurité 
qui  existe  entre  nos  prévisions  et  ce  que  peuvent  être  les  résultats 
industriels. 

Il  existe,  d'ailleurs,  im  nouveau  moyen  d'accroître  cette  marge  de 
sécurité.  Il  consiste,  suivant  la  tendance  qui  s'avère  de  plus  en 
plus  exacte,  à  recourir  aux  pressions  de  vapeur  élevées,  à  réchauffer 
l'eau  d'alimentation  des  chaudières  par  de  la  vapeur  prélevée  sur  les 
turbines  et  à  récupérer  la  chaleur  sensible  des  gaz  brûlés  à  leur  sortie 
de  la  chaudière  proprement  dite  par  l'intermédiaire  d'économiseurs 
et  de  réchauffeurs  d'air  et  de  gaz.  Ce  sont  là  les  conditions  réalisées 
aux  cas  2,  3,  4,  5.  6  et  7  du  tableau  suivant: 
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Rende- 

Consomm. 

ment  eff. 

Consomm. 

calories 

Cas 

Installations 

au  tableau 

gaz  en  m* 

en  cal/kW- 

en   pour 

kWh. 

heure 

cent 

1 

Installation  ancienne  vap.   1 2  kg.- 

300°C. — vide  93  pour  cent 

13,75 

6.95 

6.250 

2 

Installation  moderne  vap.  15  kg.- 

375°C. — vide  93  pour  cent 

19.6 

4.55 

4.385 

3 

Installation  moderne  vap.  20  kg.- 

375°C. — vide  93  pour  cent 

21,6 

4.42 

3.980 

4 

Installation  moderne  vap.  25  kg.- 

375°C. — vide  93  pour  cent 

22.5 

4.25 

3.820 

5 

Installation  moderne  vap.  35  kg.- 

375°C. — vide  93  pour  cent 

22,9 

4.17 

3.750 

6 

Installation  moderne  vap.  50  kg.- 

385°C. — vide  93  pour  cent 

24.3 

3.93 

3.535 

7 

Installation  moderne  vap.  100  kg.- 

385 °C. — vide  93  pour  cent 

25.15 

3.80 

3.415 

II  reste  à  se  demander  quelle  est  la  pression  la  plus  favorable 
lorsque  l'on  examine  à  la  fois  le  rendement  de  l'installation,  les 
frais  de  premier  établissement  et  d'amortissement.  On  peut  dire 
qu'en  ce  qui  concerne  les  pressions  de  25  à  100  kg.,  tous  les  pro- 
blèmes sont  actuellement  résolus  relativement  à  la  qualité  des 
tôles,  à  leur  épaisseur,  leur  forgeage.  On  recommande  généralement 
de  se  cantonner  aux  environs  de  35  kg. — pression  limite  supérieure 
des  chaudières  à  réservoirs  chaudronnés  pour  concilier  les  questions 
de  rendement  et  de  prix  de  revient. 

De  même,  il  semble  préférable,  pour  éviter  l'emploi  de  tubes  en 
acier  spécial  très  coûteux,  de  ne  pas  dépasser  425°  pour  la  surchauffe 
de  la  vapeur. 

A  titre  de  simple  indication,  nous  noterons  qu'en  raison  des  avan- 
tages résultant  de  l'emploi  des  hautes  pressions  de  vapeur,  les 
partisans  des  centrales  pourvues  de  turbines  à  vapeur  font  valoir  les 
considérations  suivantes: 

Pour  une  installation  neuve,  les  prix  actuels  des  groupes  électro- 
gènes à  gaz,  des  chaudières,  des  turbo-groupes  électrogènes  et  du 
bâtiment  permettent  de  tabler  pour  une  puissance  en  marche  de 
10.000  kW.  sur  une  économie  de  10.000.000  de  francs  environ  en 
faveur  de  la  centrale  à  vapeur. 

De  plus,  en  ce  qui  concerne  les  frais  d'entretien,  une  centrale  à 
vapeur  permettrait  d'effectuer  les  économies  annuelles  suivantes: 

sur  l'huile fr.     400.000 

sur  les  pièces  de  rechange fr.     360.000 


sur  la  main-d'œuvre 


Total 


fr.     240.000 
1.000.000  fr. 
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En  outre,  l'économie  réalisée  sur  les  frais  d'instaUation  par  rapport 
a  une  centrale  à  gaz  conduit  pour  une  durée  d'amortissement  de 
10  ans  sur  ime  économie  annuelle  de  1.000.000  de  francs.  On  peut 
donc  tabler  en  faveur  de  la  centrale  à  vapeur  pour  une  installation 
neuve  sur  une  économie  annuelle  de  2.000.000  de  francs  environ. 

Evidemment,  chaque  cas  particulier  nécessite  une  étude  serrée  de 
la  question. 

IV. — Forme  du  courant  à  produire  dans  les  grandes  centrales  d'usines 
métallurgiques  modernes 

Le  courant  continu  convenant  très  bien  pour  la  commande  des 
laminoirs  et  celle  de  leurs  accessoires,  en  raison  de  la  facilité  de 
changements  de  vitesse  sans  perte  d'énergie,  plusieurs  grandes 
usines  métallurgiques  de  l'Est  ne  produisaient  exclusivement, 
jusqu'ici,  que  du  courant  à  550  volts  en  général.  Aujourd'hui, 
ahn  de  pouvoir  livrer  à  l'extérieur  leurs  disponibilités  d'énergie 
électrique,  les  sociétés  métallurgiques  de  l'Est  produisent,  en  général, 
du  courant  triphasé  dont  la  quantité  nécessaire  aux  besoins  de 
l'établissement  sidérurgique  est  transformée,  dans  une  sous- 
station,  en  courant  continu. 

V. — Coordination  entre  les  centres  métalUirgiques  producteurs  d'énergie 
électrique 

Dans  l'Est,  sous  les  auspices  de  la  Société  Electrique  de  la  Sidérur- 
gie Lorraine,  les  métallurgistes  ont  réussi  à  faire  marcher  en  parallèle 
leurs  centrales.  Il  y  a  bien  eu  des  difficultés  à  vaincre  en  raison 
de  la  diversité  des  moteurs  à  accoupler  et  surtout  du  manque  de 
souplesse  des  moteurs  à  gaz  s'acconmiodant  mal  des  pointes.  Les 
aléas  de  la  première  période  d'exploitation  ont  été  écartés.  Il  a 
sufh  d'établir  une  proportion  convenable  entre  le  nombre  de 
moteurs  à  gaz  et  de  turbines  à  vapeur  en  fonctionnement  sur 
l'ensemble  du  réseau  et  de  fixer  le  programme  des  quantités  d'énergie 
électrique  qu'une  usine  peut  vendre  ou  acheter  suivant  les  heures 
de  la  journée. 

Par  exemple,  durant  deux  postes  de  8  heures  chacun,  tel  établisse- 
ment comprenant  hauts-fourneaux,  fours  à  coke  et  aciérie,  peut 
faire  marcher  en  plein  son  aciérie  Thomas,  consommant  alors  plus 
d'énergie  électrique  qu'il  n'en  produit,  il  en  reçoit  du  réseau.  In- 
versement, pendant  le  troisième  poste,  il  dispose  d'un  excédant  de 
force  motrice  qu'il  débite  sur  le  réseau. 

Par  contre,  une  usine  ne  comprenant  que  des  hauts-fourneaux 
sera  toujours  productrice  d'énergie  électrique  qu'elle  vendra  au 
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mieux  par  sa  liaison  avec  le  réseau  lequel  est  à  65.000  volts,  triphasé 
50  périodes. 

Dans  ces  conditions  de  liaison,  comme  le  remarque  M,  Seigle,^* 
le  total  de  la  puissance  électrique  produite  par  les  usines  métallur- 
giques de  l'Est  (total  de  leurs  propres  besoins  et  de  l'énergie  qu'elles 
vendent  à  la  Société  de  la  Sidérurgie  Lorraine)  atteint,  en  moyenne 
de  la  semaine,  80  à  85  pour  cent  de  la  puissance  nominale  totale 
des  dynamos  génératrices  en  activité  au  même  moment. 

Dans  cette  moyenne,  les  dimanches  ne  sont  pas  compris.  En  raison 
de  la  consommation  réduite  de  ce  jour-là,  les  usines  métallurgiques 
en  profitent  pour  arrêter,  visiter  et  réparer  leurs  moteurs. 

VI. — Emploi  du  gaz  à  la  pression  de  200  kg.  pour  l'alimentation  des 
véhicules  automobiles 

On  trouvera  décrit  dans  le  numéro  du  27  août  1927  du  "Génie  Civil" 
une  méthode  d'emploi  des  gaz  comprimés  dans  des  tubes  électro- 
frettés  de  50  htres  de  capacité.  Le  poids  mort  immobilisé  ne 
s'élevant  qu'à  2,3  kg.  par  cheval-heure  pour  le  gaz  de  fours  à  coke, 
il  semble  fort  possible  d'utiliser  ce  dernier,  à  un  prix  très  avantageux 
pour  le  producteur  et  le  consommateur,  à  l'ahmentation  des  quatre 
moteurs  d'automobiles.  Depuis  plusieurs  mois,  ce  problème  est 
à  l'étude  à  Paris  pour  faire  face  aux  besoins  des  autobus,  gros 
consommateurs  d'essence.  Jusqu'à  présent,  les  résultats  obtenus 
seraient  encourageants. 

Conclusions  Générales 
Il  ressort  de  cette  étude,  malgré  son  caractère  général: 
1° — Que,  grâce  à  une  liaison  bien  étabhe  entre  le  haut-fourneau, 
le  four  à  coke  et  le  four  Martin,  1.745  kg.  de  houille  à  26  pour  cent 
de  matières  volatiles  suffisent,  non  seulement  à  l'élaboration  d'une 
tonne  de  produits  métallurgiques  finis,  mais,  par  rapport  à  cette 
même  unité,  il  reste  une  disponibilité  de  257  kWh,  et  des  sous- 
produits  (environ  20  kg.  de  sulfate  d'ammoniaque,  10  kg.  de  benzol, 
50  kg.  de  goudron  et  120  kg.  de  petits  cokes),  après  avoir  satisfait 
à  tous  les  besoins  en  force  motrice  et  en  chauffage  de  l'établissement 
sidérurgique. 

2° — Que  l'emploi  de  fours  à  coke  à  cameaux  verticaux  jumelés  de 
4  m., 50  de  hauteur,  13  m.  de  longueur  et  0,45  m.  de  largeur, 
chauffés  au  gaz  pauvre  et  construits  en  briques  de  siHce,  et  carboni- 
sant une  charge  de  houille  en  18  heures,  peut  se  généraHser  en  France 
à  l'exemple  de  ce  qui  existe  dans  la  Ruhr. 

"Revue  de  l'Industrie  Minérale — 1°  Juin  1928  pages  234-244. 
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3° — Que  les  nouveaux  fours  à  coke,  tels  que  nous  les  avons  vus  en 
fonctionnement  dans  la  Ruhr,  ne  consomment  pas  plus  de  520.000 
calories  par  tonne  de  houille  à  12  pour  cent  d'eau. 

4° — Que  dans  les  cokeries  modernes,  le  rendement  d'un  ouvrier 
par  jour  correspond  à  30  tonnes  de  coke  (et  même  50  tonnes)  au 
üeu  de  5  tonnes  dans  les  cokeries  anciennes. 

Ces  conditions  nouvelles  d'exploitation  des  usines  sidérurgiques 
exerceront,  avant  peu,  une  influence  considérable  sur  le  prix  de 
revient  des  produits  métallurgiques  et,  par  suite,  sur  l'avenir  écono- 
mique des  Nations  qui  les  auront  adoptées  en  temps  voulu. 


RÉSUMÉ 

The  author  sets  out  to  show  that,  given  proper  co-operation  between  coke 
ovens,  blast  furnaces  and  the  Martin  furnace,  1,745  Kg.  of  coal  having  a 
26  per  cent,  volatile  content  are  sufficient  not  only  to  produce  a  metric  ton  of 
metallurgical  material,  but  in  addition  there  is  available  a  surplus  of  257  kWh. 
and  as  by-products  there  are  about  20  Kg.  of  sulphate  of  ammonia,  10  Kg.  of 
benzole,  50  Kg.  of  tar  and  1 20  Kg.  of  small  coke,  after  having  supplied  all  the 
motive  power  and  heat  for  an  iron  foundry.  He  also  shows  that  the  use  of 
coke  ovens  with  double  chambers,  4-5  m.  in  height,  13  m.  in  length  and  -45  m. 
in  width,  heated  with  low-grade  gas  and  built  of  silica  bricks,  and  carbonising 
a  charge  of  coal  in  eighteen  hours,  could  become  quite  general  in  France  as  it 
has  in  the  Ruhr.  Further,  he  shows  that  the  new  types  of  coke  oven,  such  as 
those  in  the  Ruhr,  do  not  require  more  than  520,000  calories  per  metric  ton  of 
coal  of  12  per  cent,  water  content;  and  that  in  modem  coke  oven  plants  the 
output  per  man  per  day  corresponds  to  30,  or  even  50  metric  tons  of  coke  as 
compared  with  5  metric  tons  per  day  in  old  pattern  ovens.  These  new  working 
conditions  will  shortly  exercise  a  considerable  influence  on  the  cost  of 
metallurgical  products,  and,  in  consequence,  on  the  economic  future  of  those 
countries  which  have  adopted  this  system. 
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GENERAL   REPORT  ON   SECTION  W 

ECONOMIC    POSSIBILITIES     IN     THE     BETTER 
CO-ORDINATION    OF    FUEL   UTILISATION 

BY     T.      CAMPBELL      FINLAYSON 

1  This  General  Report  covers  the  two  papers  comprising  Section 
W,  namely  : — 

(a)  "A  Fuel  Policy"  (Great  Britain),  by  Sir  Arthur  Duckham. 
K.C.B.  (W2). 

(b)  "Co-ordination  between  Blast  Furnaces,  Coke  Ovens  and 
Martin  Furnaces  in  a  Metallurgical  Works"  (France), 
by  C.  Berthelot  (W3), 

2  In  his  paper,  Sir  Arthur  Duckham  summarises  his  fuel  policy 
in  the  following  paragraphs,  which  may  well  be  taken  as  the 
basis  of  the  present  report. 

3  (o)  It  is  necessary  that  both  the  producers  and  consumers  of 
fuel  should  avail  themselves  of  the  specialised  knowledge  of 
technically  trained  men.  There  must  be  understanding  of  fuel 
qualities  and  knowledge  as  to  its  economic  utilisation. 

4  (b)  The  producers  must  get  together  to  rationalise  the  raising 
and  distribution  of  coal.  Large  concerns  which  can  best  avail 
themselves  of  mechanical  handling  and  expert  knowledge  are  in 
the  most  favoured  position  for  reducing  costs  of  production. 

5  (c)  Every  effort  should  be  made  to  encourage  producers  to 
supply  clean  coal.  This  not  only  helps  the  purchaser  to  utilise 
the  fuel  to  the  maximum  effect  with  the  minimum  expense  but 
also  ensures  to  the  producer  of  coal  a  better  and  more  secure 
market. 

5  (d)  All  coal  should  be  graded  at  the  colliery,  and  in  order  that 
the  underground  working  costs  may  be  reduced,  modern  methods 
for  the  utilisation  of  the  smaller  sizes  should  be  pursued,  result- 
ing in  enhanced  value  of  these  hitherto  less  valuable  grades. 

1457 


ECONOMIC  POSSIBILITIES 

7  {e)  Post-war  developments  in  coke  oven  practice  have  shown 
the  economies  which  have  resulted  from  the  operation  of  large 
units.  The  best  results  are  obtained  in  working  units  of  from 
800 — 1,200  tons  of  coal  per  twenty-four  hours  in  quick  coking 
ovens,  situated  if  necessary  at  a  centralised  position  in  relation 
to  the  various  sources  of  supply. 

8  (/)  In  many  cases  coke  quality  from  a  coke  oven  plant  can  be 
improved  by  blending  suitable  coals  together.  This  makes  it 
possible  to  carbonise  non-coking  coals,  thus  increasing  the  range 
of  coals  available.  From  blended  coals  it  is  also  possible  to 
produce  an  alternative  to  low-temperature  fuel,  in  the  form  of 
a  smokeless  free  burning  fuel,  which  should  be  cheap  to  produce. 

9  {g)  The  surplus  gas  resulting  from  the  carbonisation  of  coal 
in  modern  coke  ovens  should  be  utilised  wherever  possible  for 
industrial  or  domestic  needs.  By  co-operation  between  coke 
oven  owners  and  gas  undertakings,  it  should  be  possible  to 
arrange  satisfactory  conditions  of  supply. 

10  (/i)  There  is  need  for  a  Government  investigation  into  the 
possibilities  of  the  installation  of  bus  mains  to  collect  and  distri- 
bute coke  oven  gas  over  long  distances  and  large  areas,  such  for 
example  as  Lancashire,  Yorkshire,  and  the  Midlands. 

11  (i)  The  ever-increasing  demands  of  pulverised  fuel  firing  will 
lead  to  an  enhanced  value  of  cleaned  small  coals,  the  use  of  which 
obviates  many  of  the  difficulties  associated  with  the  process.  The 
possible  use  of  pulverised  fuel  for  marine  boiler  work,  which 
may  lead  to  a  reduction  in  demand  for  bunker  oils,  will  be  watched 
with  great  interest. 

12  (;■)  In  connection  with  the  electricity  grid  schemes,  considera- 
tion should  be  given  to  the  possible  utilisation  of  the  low  grade 
fuels,  produced  in  the  cleaning  of  coals  for  the  generating  of 
electric  power  in  stations  erected  at  the  collieries  to  obviate  the 
transport  of  the  low-grade  fuels. 

13  {k)  Much  has  been  said  and  promised  in  the  past  concerning 
low  temperature  carbonisation,  but  comparatively  little  has  yet 
been  accomplished.  The  results  of  the  energetic  work,  which  is 
being  done  in  this  country  at  the  present  time,  will  be  awaited 
with  interest.  The  disadvantage  hitherto  has  been  the  high  price 
of  the  solid  fuel  in  relation  to  the  products  from  the  well  estab- 
lished high  temperature  processes. 
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14  (/)  The  Gas  Industry  should  pay  increased  attention  to  their 
coke  sales.  Clean  coal  gives  a  clean  and  easily  ignitable  coke. 
Constant  quality  and  suitable  sizing  makes  the  fuel  acceptable 
to  the  user  and  every  gas  undertaking,  by  taking  thought  and 
trouble  should  be  able  to  dispose  of  all  the  coke  equivalent  to 
its  gas  output  in  its  own  area. 

15  (m)  Gas  undertakings  should  be  enabled  to  make  such  terms 
with  the  large  scale  users  of  gas  as  would  encourage  its  general 
utilisation  in  industry. 

16  (n)  An  increase  in  the  number  of  combined  coke  oven  and 
iron  and  steel  works  in  this  country  would  lead  to  enconomies. 
The  installation  of  coke  ovens  near  the  iron  and  steel  works 
provides  an  ideal  fuel  for  steel  furnaces  in  the  form  of  coke  oven 

gas. 

17  (0)  Greater  financial  backing  to  the  admirable  Fuel  Research 
Organisation  set  up  by  the  Iron  and  Steel  industry  would  make 
its  findings  and  development  more  quickly  available  to  those  in 
charge  of  operation. 

18  (/>)  A  general  speeding  up,  reduction  of  costs  and  greater 
facilities  in  the  transport  of  fuel,  subjects  which  are  being 
closely  examined  by  the  Government  Standing  Committee  on 
Minerals  Transport,  will,  when  attained,  have  a  beneficial  effect. 

10  M.  Berthelot,  in  his  paper  on  the  Co-ordination  between  Blast 
Furnaces,  Coke  Ovens,  and  the  Martin  Furnaces  in  a  Metallur- 
gical Works,  suppHes  some  very  valuable  information  which 
supplements  and  confirms  many  of  Sir  iVrthur  Duckham's 
suggestions.  The  similarity  of  views  expressed  by  these  two 
authors,  who  have  come  to  their  conclusions  in  entirely  different 
spheres,  is  a  striking  feature  of  the  Papers. 

20  Both  authors  emphasise  the  importance  of  the  following 
points  :  — 

(a)  The  value  of  suitable  grouping  of  Blast  Furnaces,  Coke 
Ovens  and  Steel  Furnaces. 

(b)  The  importance  of  modern  coke  oven  design, 

(c)  The  significance  of  cleaning  and  blending  of  coals  prior 
to  carbonisation. 

(d)  The  disposal  of  surplus  coke  oven  gas. 

(e)  Electric  Power  Production  in  a  Steel  Works, 
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(a)   The  Value  of  Suitable  Grouping  of  Blast  Furnaces,  Coke 
Ovens  and  Steel  Furnaces 
21      Both  Sir  Arthur  Duckham  and  M.  Berthelot  advocate  closer  co- 
ordination between  iron  and  steel  works  and  coke  oven  plant.  Sir 
Arthur  considers  that  the  best  economy  would  seem  to  be  to 
erect  coke  ovens  at  the  blast  furnaces  of  sufficient  size  that  the 
coke  oven  gas,  together  with  the  blast  furnace  gas,  will  provide 
all   the  heating   requirements   of   the  joint   operations   of   coke 
ovens,  blast   furnaces  and  steel  works.      The    remaining    coke 
required  for  the  blast  furnaces  would  be  purchased  from  outside. 
M.   Berthelot  believes  that  coke  oven  gas  should  be  used  for 
heating  the  Martin  and  reheating  furnaces,  and  that  blast  furnace 
gas  or  a  mixture  of  blast  furnace  gas  and  coke  oven  gas  should 
be  used  for  heating  the  coke  ovens.    He  shows  that  with  modern 
equipment,  30  per  cent,  of  the  gas  produced  by  the  blast  furnaces 
is  sufficient  for  heating  the  Cowper  Stoves.    If  blast  furnace  gas 
be  used  for  electric  power  generation,  heating  Cowper  stoves 
and  coke  ovens,  and  if  coke  oven  gas  be  used  for  heating  Martin 
furnaces,  soaking  pits  and  rolling  mills,  he  considers  that  there 
should  be  a  surplus  of  26.0  per  cent,  coke  oven  gas  and  8.2  per 
cent,  blast  furnace  gas.    To  summarise  these  data  M.  Berthelot 
says  :   "By  co-ordination  between  blast  furnace,  coke  oven  and 
Martin  furnace,   1,745   Kg.   of   coal  with  26  per  cent,  volatile 
matter  is  sufficient  not  only  for  the  production  of  one  metric  ton 
of  finished  product,  but  gives  also  a  surplus  of  257  kWh.  and 
a  quantity  of  by-products   (about  25  Kg.  ammonium  sulphate, 
10  Kg.  benzol,  50  Kg.  tar  and  120  Kg.  coke  breeze)  after  supply- 
ing all  the  power  and  heat  required  for  the  metallurgical  works." 

22  Expressed  in  English  units  this  means  that  35.0  cwt.  of  coal 
with  26  per  cent,  volatile  matter  is  not  only  sufficient  to  make  1 
English  ton  of  finished  steel,  but  also  gives  a  surplus  of  261  kWh. 
and  a  quantity  of  by-products  (about  56  lb.  sulphate  of  ammonia, 
2|  gall,  benzol,  10  gall,  tar,  and  2.4  cwt.  coke  breeze)  after 
supplying  all  necessary  power  on  the  works. 

(b)  The  Importance  of  Modern  Coke  Oven  Designs 

23  Both  Sir  Arthur  Duckham  and  M.  Berthelot  emphasise  the 
great  importance  of  producing  blast  furnace  coke  in  modern 
types  of  coke  ovens.  Sir  Arthur  states  that  batteries  of  large 
ovens  carbonising  800—1,200  tons  per  twenty-four  hours  show 
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economies  of  4/-  to  7/-  per  ton  of  coke  over  older  ovens  built 
in  small  units.  M.  Berthelot  urges  the  use  of  narrow  quick 
coking  ovens  on  the  grounds  that  the  output  of  coke  is  greater 
for  a  given  temperature  in  the  heating  flues,  that  there  is  less 
overheating  of  the  coke,  and  that  this  type  of  oven  makes  it 
possible  to  produce  good  coke  from  high  volatile  coal.  He  states 
that  the  estimated  cost  of  a  modern  plant  to  carbonise  2,400 
metric  tons  of  coal  per  twenty-four  hours,  including  by-product 
plant,  but  excluding  land,  is  about  74  million  francs,  as  compared 
with  80  million  francs  for  a  1920  type  plant  of  similar  capacity. 
The  capacity  per  oven  per  day  is  approximately  22  metric  tons 
and  the  output  per  man  per  day  30  tons.  As  regards  time  taken 
to  construct  modern  ovens,  he  estimates  that  9 — 10  months  should 
be  sufficient  for  the  erection  of  a  complete  works.  M.  Berthelot 
also  makes  the  important  statement  that  the  new  coke  ovens, 
such  as  those  which  are  working  in  the  Ruhr,  do  not  use  more 
than  520,000  calories  per  metric  ton  of  coal  with  12  per  cent, 
water  content.     (936  B.Th.U.  per  lb.) 

Thus  it  will  be  seen  that  both  authors  stress  the  importance  of 
the  modern  development  in  coke  oven  design  in  relation  to  the 
economic  future  of  the  iron  and  steel  industry. 
(c)  The  Significance  of  Cleaning  and  Blending  of  Coals  prior  to 

Carbonisation 
In  stressing  the  importance  of  cleaning  coal  Sir  Arthur 
Duckham  states  that  if  all  coal  were  cleaned  to  reasonable  degree 
at  the  pit  head  there  would  be  a  saving  of  i800,000  per  annum 
in  transport  alone.  In  connection  with  the  iron  and  steel  industry, 
it  is  necessary  that  the  coke  should  be  low  in  sulphur  and 
phosphorus,  which  in  many  cases  involves  cleaning  by  dry  or  wet 
processes.  Undoubtedly  in  many  cases  the  blending  of  suitable 
caking  and  non-caking  coals  prior  to  carbonisation,  especially  if 
they  be  cleaned  coals,  leads  to  improved  coke  quality.  The 
process  of  blending  also  makes  it  possible  to  utilise  semi-caking 
or  non-caking  coals  for  coke  production.  M.  Berthelot  considers 
that  the  constituent  which  plays  the  part  of  the  inert  matter 
should  be  ground  more  finely  than  the  other.  In  his  view  the 
chief  factors  which  will  help  to  develop  the  coking  industry  in 
Lorraine  and  Upper  Silesia  are 

I.     Coal  cleaning  by  proved  methods. 
II.     Blending  of  different  coals  to  give  good  coke. 
III.     Mechanical  treatment  of  fines. 
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(d)  The  Disposal  of  Surplus  Coke  Oven  Gas 

25  Both  authors  consider  that  the  disposal  of  surplus  coke  oven 
gas  for  industrial  and  domestic  use  requires  close  investigation. 
M.  Berthelot  states  that  a  German  organisation  (Kohlenwertung) 
have  made  plans  for  the  annual  distribution  of  nine  thousand 
million  cubic  metres  of  surplus  coke  oven  gas  in  the  Ruhr.  The 
main  collection  pipe  crossing  the  industrial  region  from  Mülheim 
to  Düsseldorf  is  to  be  an  800  mm.  pipe,  and  the  pressure  will  not 
exceed  3  atmospheres.  Some  such  scheme  was  probably  in 
Sir  Arthur  Duckham's  mind  when  he  urges  the  need  for  a 
government  investigation  into  the  possibilities  of  an  installation 
of  'bus  mains  to  collect  and  distribute  coke  oven  gas  in  Lancashire, 
Yorkshire  and  the  Midlands. 

[e)   Electric  Power  Production  in  a  Steel   Works 

26  M.  Berthelot  puts  forward  some  interesting  facts  relating  to 
this  subject.  An  isolated  works,  in  order  to  be  able  to  meet  peak 
loads  has  to  install  so  much  power  plant  that  it  usually  is  working 
at  65  per  cent.  load.  But  by  linking  up  a  number  of  works  the 
reserve  power  can  be  reduced  so  that  the  load  factor  is  increased 
to  75  per  cent.  The  latest  practice  is  to  produce  two-thirds  of 
the  power  by  means  of  gas  engines  working  on  clean  blast  furnace 
gas  and  one-third  by  steam.  This  increases  the  reliability  and 
flexibility  of  the  supply.  There  is  another  reason  also  in  tha^ 
the  cost  of  installation  and  maintenance  of  gas  engines  is  in  many 
cases  high.  Experience  shows  an  efficiency  of  26  per  cent,  for 
gas  engines  with  waste  heat  boilers  and  19  per  cent,  for  steam 
turbo-generators.  The  combined  efficiency  is  23.6  per  cent.  The 
efficiency  can  be  further  increased  by  using  high  pressure  steam, 
preheating  the  boiler  feed  by  the  exhaust  steam  from  the  turbines 
and  recovering  the  sensible  heat  of  the  burned  gases  by  means 
of  economisers  and  preheaters.  The  principal  works  in  Eastern 
France  used  to  generate  direct  current  at  550  volts;  but  with  a 
view  to  delivering  surplus  power  they  now  usually  generate  3 
phase  alternating  current  and  transform  what  is  required  for  their 
own  needs  to  direct  current.  The  metallurgical  works  in  the 
same  area  have  succeeded  in  linking  up  their  electric  supply  by 
a  grid  at  65,000  volts. 

27  The  contributions  of  both  Sir  Arthur  Duckham  and  M.  Berthelot 
merit  close  consideration,  and  will  no  doubt  provoke  considerable 

discussion. 
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THURSDAY,  OCTOBER  4   (mORNING) 

Section  W 

ECONOMIC  POSSIBILITIES  IN  THE  BETTER 
CO-ORDINATION  OF  FUEL  UTILISATION 

Chairman — Sir  David  Milne  Watson,  d.l. 

The  Chairman  said  that  as  Mr.  Frank  Hodges,  the  Vice- 
Chairman,  was  unable  to  be  present,  his  place  was  being  taken  by 
Dr.  C.  H.  Lander,  who  would  open  the  discussion  after  the 
General  Report  had  been  read. 

Mr.  T.  C.  Finlayson  then  submitted  his  General  Report. 

DISCUSSION 

Dr.  C.  H.  Lander  (Vice-Chairman,  Great  Britain)  remarked  that 
in  Sir  Arthur  Duckham's  paper  there  was  outlined  a  policy  for 
dealing  with  fuel.  The  paper  had  been  prepared  long  before  the 
publication  of  the  Report  of  the  National  Fuel  and  Power  Com- 
mittee, but  very  similar  recommendations  to  those  appearing  in 
Sir  Arthur  Duckham's  paper  had  now  been  made  officially  by  the 
Committee. 

As  one  responsible  to  some  degree  for  the  research  work  in  fuel 
undertaken  by  the  British  Government  he  would  like  to  say  a  word 
or  two  about  some  of  the  recommendations  in  Sir  Arthur 
Duckham's  paper.  The  suggestion  (a)  that  it  was  necessary  that 
both  producers  and  consumers  of  fuel  should  avail  themselves  of 
the  specialised  knowledge  of  technically  trained  men  might  seem 
to  be  almost  a  platitude,  but,  unfortunately,  in  fact,  it  was  not. 
There  was,  undoubtedly,  in  this  country  a  great  lack  of  technical 
co-ordination  between  the  various  producers  and  users  of  fuel. 
As  an  illustration  of  what  might  be  done  he  would  like  to  refer  to 
an  organisation  mentioned  specifically  in  the  Report  of  the 
National  Fuel  and  Power  Committee,  mz.,  the  Warmestelle  in 
Germany,  which  was  an  institution  devoted  not  to  research,  but  to 
the  collection  and  tabulation  of  data  from  the  various  constituent 
firms  and  the  distribution  of  these  data  and  experiences  to  other 
members  of  the  organisation.  The  practical  utilisation  of  the 
results  of  experience  and  of  research  was,  of  course,  extremely 
important.  He  sometimes  felt  that  our  research  work  was  destined 
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merely  to  add  to  the  mass  of  information  and  data  already  pub- 
lished and  not  adequately  utilised.  There  were  indications  that 
the  value  of  some  such  organisation  was  being  realised  in  this 
countr}',  although  it  would  not,  perhaps,  be  on  quite  the  same 
model.  A  start  had  already  been  made  in  one  corner  of  the  coal 
trade,  where  the  Lancashire  and  Cheshire  Coal  Research  Associa- 
tion had  for  some  time  had  a  small  staflF  whose  duty  it  was  to  visit 
the  various  collieries  of  the  Association  and  observe  points  of 
interest  which  were  tabulated  and  made  available  for  the  benefit  of 
others.  His  experience  at  the  Fuel  Research  Station  at  East 
Greenwich  had  impressed  him  with  the  importance  of  such  an 
arrangement.  At  the  Research  Station  at  Greenwich  they  were 
constantly  meeting  industrialists  and  technical  men  from  outside, 
who  frequently  found  some  small  point  there  which  they  were  able 
to  make  use  of,  while,  on  the  other  hand,  the  staff  at  the  Fuel 
Research  Station  obtained  many  valuable  hints  from  their  visitors. 
All  this  pointed  to  the  nature  of  some  such  organisation  as  the 
Warmestelle,  in  Germany. 

Another  point  in  Sir  Arthur  Duckham's  paper  which  should  be 
emphasised  was  that  under  (e),  relating  to  the  economies  which 
result  from  the  operation  of  large  scale  units.  When  we  looked  at 
the  price,  the  capital  cost  of  the  plant  and  the  output  per  man  per 
day,  it  was  obvious  that  low  temperature  carbonisation,  so  much 
in  the  public  eye  to-day,  had  a  long  way  to  go  in  reducing  its  costs 
before  it  could  become  a  really  national  asset  as  distinct  from  a 
strictly  localised  process  worked  in  a  few  particularly  favourable 
areas.  As  regards  {h)  in  Sir  Arthur  Duckham's  paper,  that 
suggestion  had  now  been  made  a  specific  recommendation  of  the 
National  Fuel  and  Power  Committee.  At  the  Banquet  at  the 
opening  of  the  Conference,  the  President  of  the  Board  of  Trade 
had  said  that  an  exploration  on  the  lines  of  the  suggestion  of  the 
National  Fuel  and  Power  Committee  was  to  be  put  in  hand  at  once, 
As  regards  (o)  in  Sir  Arthur  Duckham's  paper,  that  greater 
financial  backing  should  be  given  to  the  fuel  research  organisation 
set  up  by  the  iron  and  steel  industry,  it  might  be  interesting  to 
state,  for  the  benefit  of  those  who  were  not  familiar  with  all  the 
things  in  which  the  Government  had  an  interest,  that  a  Fuel 
Economy  Committee,  of  which  he  himself  had  the  honour  to  be  a 
member,  was  set  up  a  few  years  ago  to  study  the  problems  of  the 
iron  and  steel  industry.  It  had  been  quite  successful,  but  en- 
lightened people  believed  that  it  could  do  ver^-  much  more  work 
than  it  did  at  present  if  it  received  greater  support.  At  the  present 
time,  certain  researches  initiated  and  controlled  by  this  committee 
were  being  supported  by  the  Government  to  the  extent  of  roughly 
£1  for  every  £1  provided  by  industry. 

An  important  point  in  both  papers  was  the  emphasis  placed  upon 
development  in  coke  oven  design  in  relation  to  the  economic  future 
of  the  iron  and  steel  industry.  Those  responsible  for  coke  ovens 
m  this  country  were  faced  with  considerable  difficulty  in  deciding 
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whether  it  would  be  advantageous  to  replace  existing  ovens  by 
newer  types,  several  of  which  had  been  developed  abroad  ;  and,  if 
so.  which  type  to  adopt.  This  difficulty  was  increased  by  the 
present  financial  situation  of  the  industry.  Some  time  ago  a 
suggestion  was  made,  and  backed  up  by  the  whole  of  the  technical 
side  of  the  coke  oven  industry,  that  definite  experiments  should  be 
made  and  a  small  experimental  plant  put  down  by  the  coke  oven 
industry  in  order  that  first-hand  data  should  be  available  as  to  the 
behaviour  of  different  types  of  ovens  of  different  widths  in  relation 
to  the  particular  coals  in  this  country.  Unfortunately,  that  sugges- 
tion did  not  appeal  to  the  owners,  and  had  not  been  proceeded  with. 
Although  more  information  was  becoming  available,  and  the 
matter  was  becoming  clearer,  there  was  still  much  to  be  done  in 
that  direction.  It  was  necessary  in  matters  of  this  kind  to  be  very 
bold  in  tackling  experimental  work.  £50,000  or  £100,000  might 
seem  a  large  amount  of  money  for  experimental  work,  but  it  was 
a  very  small  figure  compared  with  the  magnitude  of  the  interests 
involved.  The  engineer,  the  chemist,  and  the  physicist  who  had  to 
deal  with  problems  affecting  the  transfer  of  heat,  laboured  under  a 
disadvantage  which  was  not  so  marked  in  any  other  branch  of 
engineering,  in  that  there  was  no  method  of  carrying  out  satisfac- 
tor}'  experiments  by  means  of  models.  The  chemist  could  make 
experiments  in  the  laboratory  with  a  few  grams  of  coal  heated  in 
a  test  tube.  He  could  get  to  know  exactly  the  temperature  rise  and 
the  state  of  that  small  piece  of  coal,  but  as  soon  as  he  got  away 
fronx  that  and  dealt  with  a  mass  of  coal,  conditions  were  very 
different,  because  every  particle  in  the  retort  or  oven  was  subjected 
to  a  different  temperature.  There  was  a  different  temperature 
gradient  and  possibly  a  different  pressure,  and  some  of  the  effects 
of  these  conditions  were  very  elusive,  and  it  was  only  by  means  of 
large  scale  experiments  that  these  problems  could  be  solved. 

Mr.  George  Helps  (Great  Britain)  remarked  that  the  co-ordina- 
tion of  the  fuel  supplies  of  this  or  any  country  was  a  subject  than 
which  none  was  more  important  to  discuss  at  a  Fuel  Conference. 
He  had  several  factors  concerned  with  co-ordination  that  he 
wished  to  put  before  them.  To  begin  with,  before  any  grouping  of 
gas  interests  could  operate,  it  would  be  necessary  to  standardise 
the  quality.  x\t  the  present  time  there  was  gas  works  quality  up  to 
600  B.Th.U.  low-temperature  carbonisation  up  to  700  B.Th.U., 
coke  oven  gas  up  to  500  B.Th.U.,  blue  water  gas  300  B.Th.U., 
producer  gas  130  B.Th.U.  to  150  B.Th.U.,  and  blast  furnace  gas 
of  100  B.Th.U.,  to  say  nothing  of  Nuneaton  gas  of  200  B.Th.U. 

It  was  obvious,  therefore,  that  when  considering  bus  mains  the 
standardisation  of  quality  must  be  dealt  with.  This  aspect  of 
co-ordination  in  connection  with  gaseous  fuel  was  greater  than 
any  that  had  been  touched  on  during  the  Conference.  If  one  could 
visualise  what  the  distribution  of  gaseous  fuel  would  become  if  the 
various  suppliers  and  users  of  gas  co-ordinated  their  interests  and 
worked  together  for  the  common  good,  an  immense  stride  forward 
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could  be  made— the  cost  of  gas  as  fuel  could  be  less  than  that  of 
coal,  heat  for  heat.  He  wondered  if  his  hearers  were  really 
following  what  he  meant  when  he  referred  to  users  of  gaseous 
fuel  combining  with  suppliers.  Imagine,  for  example,  a  big  works 
using  100  or  1,000  tons  of  coal  a  day,  and  converting  it  into  gas  for 
their  own  needs.  There  must  be  times  when  the  output  of  gas 
in  such  plant  was  not  required  to  the  full,  and  then  it  could  be 
used  to  augment  the  supply  in  the  bus  mains.  On  the  other  hand, 
when  the  user  required  his  output  increased  he  could  draw  on  the 
bus  mains.  Thus  could  the  load  factor  of  suppliers  and  users  be 
regulated.  (By  suppliers,  of  course,  gas  undertakings  were  meant. 
Gas  undertakings  had  the  sole  right  to  supply  gas  through  mains 
laid  in  the  public  roads.  By  arrangement,  gas  undertakings  could 
put  down  gas  producing  plant  on  the  premises  of  users  and  run 
such  plants,  taking  full  responsibility.  Iron  and  steel  works,  and 
others  able  to  use  vast  quantities  of  gas,  would  not  necessarily 
desire  to  become  gas  undertakings,  or  exercise  the  functions  of 
such.) 

There  were  other  ver}-  practical  factors  he  wished  to  mention 
concerned  with  questions  of  co-ordination.  The  gas  industry  was 
everlastingly  talking,  preaching  and  advertising  about  "thermal 
cfïîciencies  of  gas  production" — "the  gas  industr}'  thermally 
efficient"  or  some  such  nonsense  of  that  kind.  What  did  "thermal 
efficiency"  really  mean?  Most  often  it  meant  less  than  nothing. 
Town's  gas-making  processes  as  generally  practised  were  stated  as 
having  a  thermal  efficiency  of  80  per  cent.  With  that  figure  the 
speaker  agreed — what  was  its  commercial  efficiency  ?  The  thermal 
efficiency  of  electricity  generation  was  17  per  cent.,  or  something 
like  it.  The  gas  industry  produced  from  one  ton  of  coal,  say  80 
therms  in  gas  and  10  cwt.  of  coke.  The  gas  used  in  a  gas  engine 
gave  800  H.P.,  and  the  coke  remained  for  sale.  What  did  the 
electrical  people  do  with  a  ton  of  coal  ?  They  produced  something 
like  1,800  H.P.  at  the  end  of  a  wire  miles  away  from  the  generating 
station.  Could  gas  undertakings  with  their  present  processes  go 
out  and  displace  steam  power  propositions  ?  They  could  not.  Why 
were  the  electricity  people  able  to  do  it  ?  Because  they  completely 
used  up  the  ton  of  coal  that  was  delivered  to  their  station,  and 
converted  it  into  the  product  they  were  established  in  business  to 
produce — current.  What  would  be  thought  of  electricity  folk  if 
they  handled  a  ton  of  coal,  and  when  they  had  used  up  half  its  heat 
energy  under  a  boiler  they  withdrew  the  other  half  and  sold  it  as 
coke? 

The  gas  industry  at  present  carried  the  conversion  of  the  greater 
portion  of  the  coal  they  used  a  very  short  stage  indeed — from  coal 
to  coke — the  electricians  converted  the  whole  of  the  coal  into 
current — a  something  which  could  be  sent  through  a  wire  and 
produce  power  at  the  operating  end  in  a  very  simple  motor  and 
with  labour.  Any  gas  engineer  disgraced  the  intelligence  of 
himself  and  his  industry  if  he  talked  about  the  thermal  efficienc> 
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of  the  processes  with  which  he  was  associated  as  80  per  cent.,  when 
only  about  25  per  cent,  of  it  was  due  to  gas,  and  about  45  per  cent, 
to  coke — gas  being  sold  at  about  eight  times  the  price  obtained  for 
coke.  Unfortunately,  gas  engineers  were  not  the  only  people  to 
blame.  Scientists  of  great  repute  but  no  experience  of  practical 
things  were  chiefly  responsible  in  this  matter,  and  had  caused  the 
gas  industry  to  be  twenty  years  late  in  its  progress.  Mr.  Helps 
said  that  he  hoped  that  his  present  remarks  would  settle  that 
fallacy  for  all  time 

Another  matter  :  the  General  Report  of  the  papers  referred  to 
coke  under  par.  14  :  "The  gas  industry  should  pay  increased 
attention  to  coke  sales."  Heaven  help  the  gas  industry  if  it  had  to 
rely  on  coke  sales  for  its  dividends.  Gas  in  Murdoch's  day  was 
introduced  to  take  the  place  of  candles — just  a  few  candles  !  To- 
day there  was  no  industry  in  the  world  with  greater  potentialities. 
Gas  could  take  the  place  of  coal  itself  in  almost  every  use,  and  be 
sold  at  the  same  price  (in  large  quantities)  as  coal — heat  for  heat. 
The  gas  industry  imagined  that  it  cheapened  gas  production  by 
making  coke.  Collectively  the  gas  industry  was  mad.  Whether 
coke  was  produced  or  not,  he  submitted  the  following  proposition 
to  the  Conference  in  the  hope  that  it  would  assist  in  the  discovery 
of  the  ideal  fuel  :  "If  town's  gas  could  not  be  sold  at  such  a  price 
as  to  take  the  place  of  coal — heat  for  heat — it  was  not  being  pro- 
duced on  modern  and  economical  lines."  Some  of  them  might  be 
able  to  state  the  proposition  in  a  better  way,  but  that  gave  them 
his  view^  of  the  matter. 

Dr.  Lander  had  referred  to  the  expenditure  by  the  Government 
occasionally  of  £100,000  or  so  on  experimental  plant  as  money 
well  spent.  It  would  be  agreed  that  if  progress  was  to  be  made, 
expenditure  of  the  kind  was  sometimes  necessary.  He  stood  there 
as  one  who  had  spent  £40,000  upon  research  work  himself,  and  he 
had  hoped  that  every  £100  he  spent  would  bring  back  £1,000.  He 
had  been  waiting  for  the  turn  in  the  tide,  however,  which  had  not 
come  yet  ;  but  he  believed  it  would.  He  was  not  downhearted  about 
it,  but  in  connection  with  the  expenditure  of  money  upon  research 
work,  Nuneaton  to-day  was  in  the  position  of  being  able  to  show 
the  gas  industry  an  experimental  plant,  and  the  gas  industry  or  any 
co-ordinated  industry  was  free  to  use  if  they  would.  He  had  not 
asked  his  directors  permission,  but  he  did  not  think  for  a  moment 
that  they  would  refuse  or  raise  any  objection.  There  were  36 
miles  of  mains  and  6,000  consumers  of  that  gas.  Either  gas  could 
be  sold  at  the  price  of  gas,  heat  for  heat,  or  it  could  not.  Was  it 
worth  while  trying?  The  other  day  he  had  invited  the  whole  of 
the  Conference  to  come  down  to  Nuneaton  and  see  the  plant,  but 
so  far  he  had  had  two  applications,  but  if  anybody  cared  to  come 
to  Nuneaton  the}-  would  be  welcomed  and  shown  the  facts  ;  nothing 
would  be  hidden  from  them. 

Ing.  Taussig  (Austria)  said  that  after  the  War,  Austria  found 
herself  in  a  very  difficult  position  owing  to  being  cut  ofï  from  her 
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natural  supplies  of  fuel,  and  it  was,  therefore,  very  necessary  to 
study  fuel  economy.  An  organisation  had  been  set  up  on  similar 
lines  to  the  Warmestelle  in  Germany,  known  as  the  "Gesellschaft 
für  Wärmewirtschaft,"  or  the  Society  for  Fuel  Economy,  which 
was  controlled  by  a  small  permanent  board  of  carefully  selected 
men.  Research  work  was  carried  out  by  sub-committees  consisting 
of  experts  in  the  various  branches,  and  the  results  so  far  had 
exceeded  expectations.  Personally,  he  felt  ver\^  optimistic  as  to 
the  results  which  would  be  obtained  in  the  future  from  this 
organisation.  One  of  the  activities  of  this  organisation  was  the 
establishment  of  an  Information  Bureau  to  deal  specially  with 
small  and  medium  size  undertakings  which  could  not  afford  their 
own  experimental  departments.  If  called  upon,  the  Bureau  would 
send  an  engineer  to  investigate  and  ascertain  whether  some  useful 
suggestion  could  be  made  on  the  spot  or  whether  the  case  should  be 
referred  for  closer  investigation.  The  organisation  had  also  ar- 
ranged courses  of  instruction  for  those  engaged  in  handling  boilers 
— firemen  and  others — in  which  the  principles  of  fuel  economy 
were  taught,  as  it  was  felt  to  be  very  important  that  the  actual  men 
engaged  in  stoking  the  boilers  should  also  have  a  knowledge  of 
these  principles  as  well  as  those  in  the  higher  positions.  The  men 
concerned  had  shown  great  interest  in  these  courses  and  had 
benefitted  greatly  from  them,  prizes  being  distributed  for  the  best 
results.  The  activities  of  this  organisation  had  also  been  extended 
into  the  field  of  domestic  work,  and  the  manufacturers  of  domestic 
fuel-burning  apparatus  were  kept  in  touch  with,  as  were  also  the 
consumers  of  fuel,  so  far  as  domestic  apparatus  was  concerned. 
The  organisation  had  also  been  active  in  developing  the  use  of 
both  gas  and  electricity,  although  it  was  not  directly  concerned  in 
selling  either.  It  was  found,  however,  that  advice  from  this  organ- 
isation was  accepted  much  more  readily  by  the  public  than  was 
advice  from  the  actual  suppliers  of  electricity  or  gas,  as  its 
advice  was  regarded  as  unbiased.  Thus,  the  organisation  was 
working  not  only  with  the  scientific  and  technical  side  as  regards 
the  industrial  uses  of  fuel  but  also  with  those  concerned  with 
fuel  on  the  domestic  side. 

Mr.  E.  C.  Evans  (Great  Britain)  dealt  especially  with  the  point 
mentioned  by  Dr.  Lander  as  to  the  necessity,  from  an  economic 
standpoint,  of  improving  the  quality,  particularly  in  certain  dis- 
tricts in  Great  Britain,  of  the  coke  available  for  blast  furnaces. 
There  were  five  districts,  and  the  coke  could  almost  be  divided  up 
into  five  classes,,  in  the  following  order  : — South  Wales  was  easily 
the  best  ;  then  came  Durham  ;  then  Lancashire  ;  and  then  Yorkshire, 
Derbyshire  and  Scotland.  The  qualities  of  these  cokes  were  re- 
markably different.  Taking  the  shatter  test  as  an  example,  the 
proportion  of  coke  remaining  on  a  2-in.  screen  after  four  drops 
from  a  height  of  6  ft.,  in  the  case  of  South  Wales,  was  something 
of  the  order  of  90  per  cent.,  but  the  poorer  cokes  gave  from  50  to 
55  per  cent.    Thus,  coke  quality  was  of  tremendous  importance  to 
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the  economics  of  the  pig-iron  industry.  It  was  not  altogether  easy 
to  compare  one  blast  furnace  with  another,  but  for  some  time  past 
the  Fuel  Committee  of  the  National  Federation  of  Iron  and  Steel 
Manufacturers  had  been  engaged  in  investigating  this  question. 
His  colleague,  Mr.  Bailey,  had  devised  a  method  of  comparison 
which  took  into  consideration  the  various  factors  involved  even  in 
blast  furnaces  operating  under  widely  differing  conditions.  In 
connection  with  this  work,  one  of  the  British  blast  furnaces  had 
been  equipped  with  a  host  of  measuring  instruments  with  a  view 
to  ascertaining,  day  by  day,  and,  indeed,  hourly,  the  variations 
that  took  place,  and  some  of  the  results,  although  they  were  quite 
preliminary,  were  very  interesting.  It  was  shown  that  the  blast 
furnace,  instead  of  working  regularly,  worked  in  a  series  of  jerks, 
and  the  greater  the  variations  in  the  materials  supplied  to  the  blast 
furnace  the  greater  the  jerks.  Therefore,  it  would  be  a  tremen- 
dous advantage  to  the  economics  of  the  British  iron  and  steel 
industry,  particularly  in  Lincolnshire,  Northamptonshire  and  the 
Midlands,  where  the  coke  quality  was  so  variable  and  where  the 
blast  furnace  manager  in  the  course  of  a  week  had  to  use,  perhaps, 
twenty  or  thirty  different  cokes,  if  some  method  could  be  devised 
of  obtaining  a  standard  quality  of  coke  from  the  various  coals  that 
were  available  for  coking  purposes.  In  that  connection  the  ex- 
perience of  the  Saar  was  most  interesting.  Before  the  War — and 
to  a  large  extent  to-day — ^the  Lorraine  metallurgical  works  were 
supplied  with  Ruhr  coke  of  a  remarkably  uniform  character. 
After  the  War,  it  was  necessary  for  some  of  the  French  metal- 
lurgical works  to  use  Saar  coke  which  would  compare  with  a  poor 
Lancashire  coke,  and  it  was  necessary  to  devise  means  for  im- 
improving  the  quality.  The  result  had  been  that  a  method  had  been 
devised  for  blending  coal  with  low-temperature  coke,  the  propor- 
tion of  coke  being  of  the  order  of  15  to  17  per  cent.  Some  of  the 
cokes  so  obtained  had  been  tested  in  this  country,  and  the  results 
were  remarkable.  The  Saar  coal  gave  a  coke  which,  on  testing, 
had  a  shatter  index  of  57,  equivalent  to  a  fair  Yorkshire  coke,  but 
after  blending  in  the  manner  mentioned,  this  shatter  test  was 
increased  to  84,  practically  equal  to  the  best  Durham.  If  such  a 
method  could  be  adopted  in  this  country  it  would  be  of  very  con- 
siderable benefit,  but  it  could  not  be  tested  in  the  laboratory.  It 
must,  as  Dr.  Lander  had  suggested,  be  tried  out  on  a  practical  scale 
with  an  experimental  battery  of  coke  ovens.  Such  a  method  would 
be  of  special  benefit  to  the  iron  and  steel  industry  in  the  Midlands. 
x\nother  point  was  the  minimum  fuel  consumption  required  for 
an  iron  and  steel  works.  One  of  the  difficulties  in  this  country  was 
that  our  works  had  grown  up  under  cheap  fuel  conditions  and  very 
few  of  them  were  balanced,  i.e.,  very  few  of  them  had  the  propor- 
tion of  blast  furnace,  open  hearth  and  steel  mills  which  would 
ensure  the  maximum  economy.  M.  Berthelot  had  given  a  figure  of 
1750  Kg.  of  fuel  per  metric  ton  of  finished  product,  or  35  cwt.  per 
ton  of  finished  sections.      That  same  figure  had  been  put  forward  b} 
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Mr.  Talbot  several  years  ago  as  being  obtainable  in  a  completely 
balanced  works  equipped  with  fuel-saving  devices.  The  same 
figure  was  subsequently  put  forward  by  Prof.  Bone,  Sir  Robert 
Hadfield  and  Mr.  Hutchinson.  During  the  past  few  years  he  had 
been  able  to  analyse  the  conditions  under  which  these  results  could 
be  obtained,  and  in  this  connection  there  was  a  tremendous  differ- 
ence between  the  thermal  requirements  of  the  basic  Bessemer 
process  as  practised  in  Lorraine,  Luxembourg  and  Germany,  and 
the  basic  open  hearth  process  as  used  in  this  country.  In  the 
remarkable  paper  by  Dr.  Bansen  (K7)  given  to  the  Conference 
early  in  the  week,  Dr.  Bansen  assumed  conditions  at  a  basic 
Bessemer  iron  and  steel  works  producing  880  Kg.  of  finished 
material  per  metric  ton  of  pig  ijon.  He  rather  imagined  that  that 
figure  should  be  88  per  cent,  of  ingots,  allowing  for  12  per  cent,  loss 
in  the  Bessemer.  Allowing  for  88  per  cent,  yield  in  the  Bessemer 
plant  and  allowing  for  the  re-circulating  scrap  being  used  in  the 
open  hearth  process,  viz.,  25  per  cent.,  together  with  an  equal 
proportion  of  scrap  purchased  from  outside,  it  was  quite  possible 
to  obtain  a  figure  of  35  cwt.  of  coal  per  ton  of  finished  steel.  Such 
figures  were  actually  being  obtained  to-day  in  practice  on  the 
Continent.  Assuming  in  the  basic  Bessemer  process  that  100 
parts  of  pig  iron  were  required  to  make  88  parts  of  ingot,  this 
amounted  to  1.4  tons  of  pig  iron  to  one  ton  of  finished  steel.  In 
the  open  hearth  process  one  ton  of  pig  iron  would  give  one  ton  of 
finished  steel.  This  meant  that  in  the  case  of  the  basic  Bessemer 
process  there  was  40  per  cent,  more  blast  furnace  and  coke  oven 
gas  available  than  in  the  case  of  the  open  hearth.  On  the  other 
side  of  the  balance  sheet  there  were  very-  considerable  advantages 
in  favour  of  the  basic  Bessemer  process  ;  and.  summarising  the 
position,  it  could  be  said  that  whilst  in  the  open  hearth  process  there 
was  blast  furnace  and  coke  oven  gas  available  for  making  1  ton  of 
finished  products  from  1  ton  of  pig  iron  and  that  1.4  tons  of 
pig  iron  was  required  with  the  basic  Bessemer  process,  a  larger 
quantity  of  gas  was  required  with  the  open  hearth  furnace,  viz., 
120  therms  as  against  50  therms,  and,  owing  to  the  conditions  of 
working  in  Great  Britain,  it  was  extremely  difficult  with  the  open 
hearth  furnace  to  obtain  a  figure  of  35  cwt.  of  coal  per  ton  of 
finished  steel.  This  was  a  great  handicap  against  us,  because  in  a 
great  many  Continental  plants  no  coal  was  used  whatever  except 
the  coal  going  into  the  blast  furnace  or  coke  oven  furnaces. 

Finally,  Mr.  Evans  said  he  wished  to  pay  a  tribute  to  the 
magnificent  work  that  was  being  done  on  the  Continent  and  to  the 
magnificent  character  of  some  of  the  plants  there.  It  must,  at  the 
same  time,  be  realised  that  the  conditions  in  Great  Britain  were 
very  different,  and  we  should  reserve  criticism  of  British  practice 
until  we  know  the  whole  of  the  facts. 

Dr.  E.  W.  Smith  (Joint  Technical  Secretary)  thought  it  might 
be  well  to  point  out  to  the  Conference  that  the  very  fact  of  the 
holding    of    it    was    indicative    that    fuel    was    of    pre-eminent 
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importance  among  human  activities.  Therefore,  it  must  be  recog- 
nised that  if  the  economic  position  of  the  various  countries  of  the 
world  was  to  be  improved,  the  cost  of  fuel  and  the  burden  of  the 
cost  of  fuel  in  industries  must  be  reduced.  The  object  of  this  par- 
ticular meeting  was  to  consider  the  extent  to  which  co-ordination 
could  assist  in  this  direction.  Internationally,  co-ordination  was 
important.  Nationally,  co-ordination  as  between  industries  was  im- 
portant ;  and,  as  one  who  was  engaged  solely  in  the  gas  industry, 
he  would  like  to  give  our  Continental  friends,  in  particular,  and 
the  delegates  generally,  as  well  as  those  who  were  not  closely 
associated  with  the  gas  industry,  some  idea  as  to  what  was  being 
done  in  the  gas  industry,  in  order  to  improve  thermal  efïiciencies 
and  economic  efficiencies  and  to  reduce  the  cost  of  our  products 
and  improve  the  overall  efficiency  of  the  processes. 

Mr.  Helps  had  said  that  those  in  the  gas  industry  were  constantly 
preaching  the  subject  of  thermal  efficiency,  that  it  was  a  disgrace 
and  that  they  ought  to  be  ashamed  of  themselves,  or  words  to  that 
effect.  Personally,  however^  he  wished  to  state  the  case  from  the 
other  point  of  view.  Mr.  Helps  misunderstood  those  who  talked 
about  thermal  efficiency  from  two  perspectives.  One  was  that 
nationally,  whatever  the  industry  might  be  doing,  coal  must  not  be 
wasted,  and  even  if  it  cost  a  little  more  in  any  industry,  waste  must 
be  eliminated  and  costs  reduced  in  other  directions,  if  possible. 
Consequently,  it  had  been  found — and  it  had  been  demonstrated 
time  after  time  that  efficiencies  could  be  increased  to  a  point  and 
that  by  so  doing  the  cost  of  the  products  would  be  reduced.  It  was 
safe  to  say  that  if  there  had  not  been  the  advance  of  from  60  up  to 
85  per  cent,  in  the  thermal  efficiency  of  the  gas  industry  during  the 
last  forty  years,  the  cost  of  gas  and  coke  to-day  would  be  consider- 
ably greater  than  it  was.  That  result  had  not  been  achieved  by  any 
haphazard  means.  It  was  fairly  safe  to  say  that  there  was  no 
industry  in  which  the  lessons  of  science  and  the  abilities  of 
technical  men  were  taken  greater  advantage  of  than  in  the  gas 
industry  ;  at  any  rate,  so  far  as  some  of  the  undertakings  were 
concerned.  The  Chairman  could  tell  a  very  interesting  story  of 
the  extent  to  which  the  Gas  Light  and  Coke  Co.  were  using  highly 
trained  technical  men  and  utilising  their  knowledge  and  experi- 
ence in  the  development  of  the  various  processes  in  research,  in 
control  and  in  other  directions.  The  Gas  Light  and  Coke  Co.. 
however,  was  not  alone.  Quite  a  number  of  other  undertakings 
were  working  on  similar  lines,  and  what  appeared  to  him  to  be 
the  difficulty  in  the  gas  industry — if  there  was  a  difficulty,  and  he 
believed  there  was  a  small  one — was  that  owing  to  the  large 
number  of  small  undertakings  it  was  not  practicable  for  the 
smaller  ones  to  utilise  to  the  extent  they  should,  the  technical 
abilities  and  facilities  available  to  all  who  could  afford  to  use  them. 
It  was  not  practicable  in  this  country  to  get  co-ordinated  technical 
control  of  undertakings  ;  and,  consequently,  whilst  suggestions  had 
been  made  as  to  the  establishment  of  central  laboratories,  say  in 
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the  Lancashire  and  Yorkshire  areas  and  in  Scotland,  that  would 
only,  in  his  opinion,  be  a  palliative  and  a  half-way  house  to  the 
greater  technical  control  necessar}'  in  the  gas  industry.  In  spite 
of  that,  he  thought  the  Institution  of  Gas  Engineers  and  the  other 
Institutions  connected  with  the  gas  industry^  could  point  to  their 
conferences,  to  their  meetings,  and  in  other  directions  as  indicating 
an  extensive  co-ordination  whereby  there  was  interchange  of 
ideas  and  information  on  an  extensive  scale,  and  he  believed  that 
that  form  of  co-operation  had  been  carried  as  far  as  was  possible 
at  the  moment. 

It  was  not  often  realised,  continued  Dr.  Smith,  how  important 
were  fuel  economies  ;  and,  therefore,  thermal  efficiencies,  as  com- 
pared with  labour.  Quite  recently  he  had  seen  some  figures  which 
indicated  that  per  therm  of  gas  made,  the  fuel  used  in  order  to 
make  the  gas  had  a  financial  value  equal  to  something  of  the 
order  of  seven  times  the  value  of  the  labour  expended  on  the  coal 
in  the  retort  house.  Even  if  that  were  only  approximately  true, 
it  was  obvious  that  it  paid  handsomely  to  increase  the  thermal 
efficiency  at  the  expense  of  labour.  Therefore,  when  thermal 
efficiency  was  stressed  in  the  gas  industr}^  it  was  stressed  almost 
entirely  from  the  point  of  view  of  its  effect  on  the  cost  of  pro- 
duction. Mr.  Helps — he  only  took  him  as  an  instance — suggested 
that  if  gas  could  be  made  cheaper  in  any  other  way  at  a  lower 
efficiency,  then  the  efficiencies  obtainable  from  dearer  methods 
were  of  secondar}'  importance  and  that  we  should  adopt  the  less 
efficient  method,  which  w^as  cheaper  in  the  end,  than  the  more 
efficient  process  according  to  Mr.  Helps.  It  would,  however,  be 
useful  for  it  to  be  known  that  the  majority  of  gas  engineers  in  this 
country,  after  great  consideration  and  long  experience,  were  not 
in  agreement  with  Mr.  Helps  when  he  propounded  the  idea  of  the 
advisability  of  distributing  gas  of  the  order  of  200  B.Th.U.  calorific 
value.  The  reasons  were,  firstly,  that  it  had  never  been  shown  on 
the  scale  on  which  the  gas  industry  worked  that  it  was  practicable 
to  produce  200  B.Th.U.  gas  more  cheaply  and  sell  it  to  the  consumer 
more  cheaply  than  gas  produced  by  the  ordinary  present-day 
methods.  If  it  could  be  shown  that  the  consumer  could  get  his 
heat  units  at  the  place  where  he  wanted  to  use  them  at  a  much 
lower  cost  than  was  the  case  to-day,  and  if  it  could  be  shown  at 
the  same  time — and  that  was  just  as  important — that  the  consumer 
could  obtain  as  high  efficiencies  in  general  use  and  not  by  a 
watched  apparatus,  there  was  not  the  slightest  doubt  that  Mr. 
Helps  would  get  his  ideas  adopted  in  many  places.  What,  however, 
would  be  the  effect  of  universally  adopting  low-grade  gas  in  this 
country  for  domestic  and  industrial  purposes  ?  Because  it  was 
not  practicable  to  consider  two  types  of  gas  being  distributed 
throughout  our  towns.  There  must  be  one  type  and  it  must  be  the 
mean  of  the  requirements  for  all  uses.  In  the  first  place,  almost  all 
the  existing  mains  were  sized  for  high-grade  gas  ;  low-grade  gas 
required  higher  pressures  and  larger  mains,  and  there  was  likely 
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to  be  different  pressures  at  different  parts  of  the  system  unless 
the  mains  were  big  enough,  although  even  then  there  would  be 
fluctuations.  No  doubt  Mr.  Helps  would  say  that  these  could  be 
got  over  by  individual  governors  in  every  household.  This  had 
been  tried,  but  it  had  never  met  with  approval.  The  consumer 
would  not  get  any  better  controlled  aeration  nor  a  better  flame 
temperature  than  could  be  obtained  with  the  gas  supplied  to-day  in 
the  average  town  with  modern  equipment. 

A  very  definite  advance  was  taking  place  in  the  coke  oven  industry 
from  a  technical  point  of  view.  That  claimed  that  a  5/-  per  ton 
saving  with  modern  ovens  was  a  technical  advance  and  not  an 
economic  advance  due  to  co-ordination.  It  was  a  technical  advance 
due  to  increased  thermal  efficiencies  in  the  coke  ovens 
owing  to  increased  outputs,  quicker  heating,  better  refractory 
materials  and  a  better  design  of  oven,  all  of  which  improved  the 
thermal  efficiency  of  the  coke  oven.  At  the  luncheon  a  few  days 
previously.  Sir  David  Milne  Watson  had  stated  that  a  large  gas 
undertaking  was  seriously  considering  the  installation  of  a  1,000 
tons  per  day  plant  for  coke  ovens,  and  if  it  were  done  it  would  be 
a  very  interesting  experiment. 

Mr.  F.  S.  Giller  (Great  Britain)  said  that  in  considering  the 
subject  under  discussion,  namely,  "The  economic  possibilities  in 
the  better  co-ordination  of  fuel  utilisation,"  he  could  not  read  the 
word  "co-ordination"  without  thinking  of  co-operation,  or  the 
word  "economic"  without  thinking  of  waste.  Personally,  he  pre- 
ferred co-operation  to  co-ordination  because  it  meant  something 
more  human.  Co-operation  was  necessary  in  the  prevention  of 
waste,  which  was  of  great  importance,  not  only  to  the  people  in 
Great  Britain,  but  to  the  other  millions  concerned  with  the  use  of 
fuel  all  over  the  world.  Some  present-day  conditions  had  not  yet 
been  considered  during  the  Conference.  There  were  scientists  and 
there  were  salesmen.  On  the  one  hand  we  had  clever  men  using 
their  brains  to  improve  efficiencies,  and  on  the  other  strong  com- 
panies sending  their  salesmen  to  increase  business.  The  average 
fuel  salesman  knew  that  big  consumptions  mean  fat  bills,  conse- 
quently economy  or  efficiency  was  not  quite  in  his  line.  Then 
there  were  architects,  engineers  and  householders.  Many  archi- 
tects did  not  worry  about  the  amounts  of  the  fuel  and  power  bills 
paid  by  their  clients.  They  designed  and  placed  windows,  doors 
and  fireplaces  to  look  well  rather  than  to  work  efficiently.  Engineers 
often  installed  heating  and  lighting  equipments  larger  and  more 
expensive  in  fuel  consumption  than  they  ought  to  be,  and  house- 
holders often  left  the  operation  of  their  equipments  to  servants 
who  did  not  understand  them.  Then,  again,  there  were  the 
electricity  interests,  the  gas  interests,  the  coal  interests  and  the 
oil  interests.  Both  in  the  factories  and  in  the  homes  there  were 
lequirements  to  which  electricity  was  most  suited,  others  to  which 
gas  was  most  suited,  and  so  on.  The  time  must  come  when  the 
various  undertakings  would  take  their  fair  shares  of  the  total 
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business,  each  concentrating"  upon  the  particular  requirements  to 
which  it  was  most  suited.  Co-operation  between  such  undertakings 
was  largely  a  question  of  finance.  In  America,  some  of  the  cities 
were  supplied  with  electricity,  gas,  water  and  other  services  by 
what  was  known  as  a  "Public  Service"  company.  The  pooling  of 
financial  interests  had  largely  done  away  with  the  competitive 
system  under  which  each  interest  claimed  to  be  able  to  handle 
everything  better  than  any  other  interest,  and  a  great  economy  in 
fuel  consumption  had  resulted. 

On  the  subject  of  waste,  Mr.  Ciller  said  we  had  heard  a  good 
deal  about  the  abolition  of  the  open  fire  in  England.  Personally,  he 
would  retain  at  least  one  open  fire  in  his  home,  and  he  believed 
there  were  very  few  Englishmen  who  would  not.  There  was  some- 
thing about  an  open  fire  that  we  had  learnt  to  appreciate.  But  we 
ought  to  change  our  present  system  of  buying  coal  merely  by  the 
ton.  It  ought  to  be  paid  for  on  the  basis  of  its  cleanness  and  its 
calorific  value,  a  thing  that  was  undreamt  of  so  far  as  domestic 
supplies  were  concerned  to-day.  The  usual  practice  was  for  a 
customer  to  give  an  order  for  so  many  tons  of  coal,  and  then  leave 
more  to  providence  than  he  realised.  The  housewife  did  not  do 
her  shopping  on  this  principle.  She  did  not  simply  order  a  pound 
of  bacon — she  took  care  to  get  the  quality  she  wanted  for  the 
money  she  spent.  Most  people  did  not  understand  coal  ;  so  long 
as  they  got  a  lump  of  something  black  and  paid  a  high  price  for 
it  they  felt  they  must  be  satisfied.  Sir  Arthur  Duckham  had  stated  : 
"It  is  necessary  that  both  producers  and  consumers  of  fuel  should 
avail  themselves  of  the  specialised  knowledge  of  technically  trained 
men."  If  one-tenth  of  the  time  and  brains  had  been  spent  on  the 
education  of  consvmiers  that  had  been  spent  on  the  education  of 
producers,  the  position  with  regard  to  waste  would  be  much  better 
than  it  now  was.  Something  was  needed  to  bring  the  various 
classes  and  interests  together  to  discuss  fuel  problems,  much  in 
the  way  that  Chambers  of  Commerce  discussed  other  matters. 
World  Conferences  such  as  the  present  one  were  very  valuable, 
but  there  was  need  for  many  conferences  of  more  local  character. 
In  America,  there  had  been  instituted  by  a  few  modern  cities  some- 
thing which  we  had  not  yet  started  in  England.  They  had 
appointed  "managers"  to  look  after  the  general  interests  of  the 
communities.  These  men  had  authorit}-  and  opportunity  to  advise 
on  all  subjects  pertaining  to  the  comfort  and  service  of  the  people, 
and  their  appointment  had  resulted  in  great  benefit  to  the  districts 
under  their  influences.  Mr.  Ciller  commended  a  study  of  their 
work  to  local  authorities  in  this  country. 

Mr.  Taiji  Iyoku  (Japan)  said  that  twenty  years  ago  in  their 
works  they  used  four  tons  of  coal  to  make  a  ton  of  finished  pro- 
duct, but  this  had  now  been  reduced  to  2.5  tons,  with  the  coal 
available.  At  the  present  time,  the  works  were  being  reconstructed 
and  modernised,  and  when  these  were  in  full  operation  it  was 
anticipated  that  the  figure  would  be  reduced  still  further  to  2  tons 

1474 


DISCUSSION 

of  coal  to  produce  a  ton  of  finished  product.  That  was  about  the 
best  that  was  anticipated  with  the  Japanese  coal.  As  a  result  of 
amalgamation  between  neighbouring  blast  furnace  works  in  Japan 
they  had  been  transporting  500  tons  of  molten  pig  every  day  by 
steamer.  The  distance  of  transportation  was  three  miles  oversea, 
and  then  for  a  distance  of  half  a  mile  by  railway.  As  the  result  of 
co-operative  working,  not  only  was  there  great  savings  in  the  cost 
of  transport  but  several  thousand  tons  of  coal  per  annum  were 
saved. 

Mr.  H.  Van  Hettinga  Tromp  (Dutch  East  Indies)  said  that  an 
Institution  of  Fuel  Economy  has  existed  in  Holland  since  1920, 
which  also  undertook  the  training  of  men  to  look  after  industrial 
apparatus  and  act  generally  in  the  interests  of  fuel  economy.  The 
Institution  also  advised  as  to  the  economic  use  of  fuel  ;  and,  as  a 
result  of  the  work  it  had  done,  practically  all  fuel  bought  by  large 
consumers  was  purchased  on  a  scientific  basis  and  on  technical 
analysis.  In  the  event  of  a  dispute  between  buyer  and  seller,  the 
Institution  acted  as  arbitrator,  and  its  decision  was  accepted  by 
both  sides.  This  was  a  Government  institution,  and  it  had  done  a 
great  deal  of  good  work. 

Speaking  with  regard  to  the  possibility  of  obtaining  coke  of 
uniform  quality,  he  said  he  did  not  think  this  problem  was  to  be 
solved  merely  by  mixing  different  qualities  together,  as  was  more 
or  less  the  case  in  the  Saar  district  ;  although  the  results  obtained 
there  seemed  to  be  very  satisfactory.  More  attention,  however, 
should  be  paid  to  the  bitumen  content  of  the  classes  of  coal  coked. 
The  caking  qualities  of  a  coal  depended  entirely  upon  its  bitumen 
content.  If  a  coal  for  coking  purposes  contained  too  much  bitumen 
that  was  soluble  and  too  little  bitumen  that  was  insoluble  in  a 
petrol-ether  solution,  in  order  to  produce  a  good  coke  it  was 
necessary  to  mix  it  with  other  classes  of  coals  having  the  opposite 
characteristics.  Before  coke  of  uniform  quality  was  obtained 
there  were  many  difficulties  to  be  overcome,  but  the  tests  should 
be  made  in  a  more  scientific  and  not  in  an  entirely  empirical  manner. 

The  Chairman  at  this  point  permitted  a  Resolution  to  be  put  in 
relation  to  another  matter  (see  Discussion  on  Section  F). 

The  Session  concluded  with  a  cordial  vote  of  thanks  to  the 
Chairman,  the  Vice-Chairman,  readers  of  papers  and  speakers  in 
the  Discussion. 
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THE  WORLD  POWER  CONFERENCE 

FUEL    CONFERENCE,    1928 

CLOSING  MEETING,  FRIDAY,  OCTOBER  5 

Chair  »mil — Mr.  D.  N.  Dunlop,  o.b.e. 

The  Chairman,  in  opening  the  meeting,  called  upon  Dr.  E.  W. 
Smith  (Joint  Technical  Secretary)  to  present  a  report  upon  the 
work  of  the  Sections  during  the  Conference. 

Dr.  Smith  then  read  the  following  Report  of  the  Technical 
Secretaries. 

REPORT  (3F  THE  TECHNICAL  SECRETARIES  TO  THE 

CONCLUDING  SESSION  OF  THE  FUEL  CONFERENCE, 

LONDON,  1928 

The  Technical  Committee  reports  that  all  the  Sessions  of  the 
Conference  have  run  smoothly  ;  that  there  has  been  ample  discus- 
sion of  all  subjects,  and  that  the  attendances  have  varied  between 
80  and  350,  the  average  attendance  being  about  180  per  Session. 

The  following  is  a  summary  of  the  discussions. 

The  First  Session  dealt  with  Section  A,  the  subject  being  "The 
Coal  Industry,  Economic  and  General  Considerations."  The  main 
subjects  under  discussion  were  the  constitution  of  coal,  the  classi- 
fication of  coal,  and  the  utilisation  of  low-grade  fuels.  Ten 
speakers  took  part  in  the  discussion,  and  a  resolution  was  passed 
urging  the  need  for  International  nomenclature  for  the  classifica- 
tion of  coals.  It  was  stated  by  the  Technical  Secretary  that  there 
was  no  present  intention  of  the  World  Power  Conference  under- 
taking such  work  itself,  but  the  function  of  the  Conference  was  to 
see  that  something  is  done. 

During  the  same  morning  the  subject  of  the  Oil  Industry,  Eco- 
nomic and  General  Considerations,  Section  E,  was  considered  by 
the  other  Delegates  of  the  Conference.  The  discussion  on  this 
subject  developed  in  the  direction  of  a  consideration  of  factors 
other  than  those  mentioned  in  the  original  paper  which  would 
influence  the  price  of  gasoline.  One  of  the  most  important  factors 
influencing  this  is,  of  course,  the  production  of  crude  oil.  Attention 
was  directed  to  the  vast  resources  of  the  North  American  Con- 
tinent alone.  Attention  was  also  paid  to  the  economic  results  of 
the  development  of  the  heavy  oil  engine  which  would  tend  eventu- 
ally to  reduce  the  present  price  difference  existing  between  gasoline 
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and  heavy  oil  fuel.  The  influence  of  the  developments  in  cracking 
processes  which  would  increase  considerably  the  output  of  gasoline 
were  discussed,  and  the  possibilities  of  the  process  in  the  produc- 
tion not  only  of  gasoline  but  also  of  various  types  of  hydrocarbons 
were  pointed  out. 

At  the  same  Session  Section  N,  relating  to  Internal  Combustion 
Engines,  was  also  discussed.  Appreciation  of  the  work  done  in 
Russia  in  connection  with  the  application  of  Diesel  engines  to 
railway  work  was  expressed,  and  instances  of  similar  work  which 
had  been  carried  out  in  several  other  countries  was  brought  for- 
ward. In  this  connection  Mr.  Ricardo  expressed  the  opinion  that 
the  difficulty  of  gear  transmission  was  not  really  great,  as  during 
the  war.  tanks  had  been  built  successfully  with  tractive  efforts  far 
in  excess  of  those  of  main  line  locomotives.  With  regard  to 
gasoline  engines,  he  thought  there  was  to-day  too  great  a  tendency 
for  the  engineer  to  shift  the  burden  on  to  the  shoulders  of  the 
chemist,  and  to  demand  of  fuel  dopes  what  ought  to  have  been 
provided  for  by  engine  design. 

Section  ß,  dealing  with  Sampling  and  Testing  of  Solid  Fuels, 
provoked  considerable  discussion.  Some  fifteen  speakers  took 
part.  The  discussion  mainly  related  to  tlie  methods  suitable  for 
commercial  and  technical  purposes.  The  need  for  tests  for  the 
liability  of  coal  for  spontaneous  combustion  was  discussed. 

Section  F  discussed  the  Composition,  Classification,  Preparation, 
Storage  and  Handling  of  Liquid  Fuel.  Amongst  other  subjects, 
the  characteristics  of  Motor  Spirit,  the  technical  aspects  of  the 
storage  and  transmission  of  liquid  fuels,  the  properties  required 
of  liquid  fuels  for  use  in  automobile  and  aircraft  engines  were 
discussed.  Dr.  Eglofif  put  forward  very  optimistic  views  as  to  the 
world's  petroleum  resources,  and  intimated  that  by  cracking 
petroleum,  coal  oils,  lignite  oils,  shale  oils,  vegetable  oils  and  fish 
oils,  there  was  practically  an  unlimited  supply  of  gasoline  for  many 
centuries.  Mr.  W'hatmough  and  Mr.  Kewley  elaborated  certain 
points  in  the  design  of  the  internal  combustion  engine,  together 
with  suggestions  as  to  la1)oratory  tests  for  the  anti-knocking  pro- 
perties of  petrols. 

Section  C  dealt  with  Coal  Treatment,  with  particular  relation  to 
Cleaning,  Drying  and  Briquetting.  The  discussion  mainly  centred 
round  the  relative  advantages  and  disadvantages  of  dry  cleaning 
in  comparison  with  wet  cleaning.  The  meeting  appeared  to  be  in 
general  agreement  with  the  need  for  the  supply  of  clean  coal.  It 
was  interesting  to  find  that  plants  on  the  dry  cleaning  of  coal  are 
now  operating  in  Great  Britain. 

The  Storage  and  Handling  of  Solid  Fuels  by  the  User  was  dealt 
with  in  Section  D,  when  four  papers  were  discussed.  The  relative 
advantages  of  different  forms  of  loading  and  unloading  and  con- 
veying plant,  and  types  of  plant  suitable  for  blending  coal  received 

1478 


CLOSING  MEETING 

consideration.    Engineer-Captain  Fraser  Shaw  discussed  the  sub- 
ject of  coal  storage  in  particular  relation  to  marine  work. 

Section  R — Peat.  The  general  trend  of  the  discussion  in  this 
section  was  based  on  the  idea  that,  as  found,  peat  has  a  negligible 
fuel  value,  and  that,  therefore,  whether  by  artificial  or  natural 
means,  the  costs  of  drying  must  be  low. 

The  various  schemes  put  forward  by  the  readers  of  the  papers 
in  this  section  were  examined  from  the  point  of  view  of  the  costs 
of  operation.  The  three  leading  contributions  came  from  Dr. 
Lander,  Professor  Purcell  and  Mr.  B.  F.  Haanel.  Both  Professor 
Purcell  and  Mr.  Haanel  expressed  the  view  that  as  far  as  their 
experience  went  air  drying  was  the  only  practical  means,  at  the 
present  day,  of  obtaining  peat  fuel  at  a  commercial  price.  They, 
however,  were  interested  in  the  work  both  in  Russia  and  in 
England  on  the  artificial  drying  of  peat  and  hoped  that  the  schemes 
put  down  on  paper  by  these  investigators  would  turn  out  as  they 
hoped  on  a  large  scale. 

Power  Alcohol  was  dealt  with  by  Sir  Frederick  Nathan  in  Section 
S.  The  general  conclusion  was  that  whilst  it  may  be  possible  to 
produce  alcohol  on  a  small  scale  to  meet  local  requirements  where 
conditions  are  favourable,  petroleum  will  continue  to  be  the  main 
source  of  liquid  fuels  for  internal  combustion  engines.  Where, 
however,  petroleum  is  not  indigenous  there  is  an  increasing  possi 
bility  that  liquid  fuels  will  be  derived  from  coal. 

Section  G  dealt  with  the  Carbonisation  Industry,  Economic  and 
General  Considerations. 

One  regrets  to  have  to  record  the  impression  that  the  discussion 
on  this  subject  was  on  the  whole  quite  disappointing.  Apart  from 
brief  references  to  the  quenching  and  cooling  of  coke,  the  tech- 
nique of  coke  production  was  not  discussed.  One  could  have 
wished  for  a  thorough  consideration  of  the  question  of  the  scope 
and  determination  of  coke  oven  guarantees.  Most  of  the  speakers 
dealt  with  the  subject  of  the  supply  of  coke  oven  gas  to  the  gas 
industry  of  Great  Britain. 

The  discussion  left  the  impression  that  there  is  little  doubt  that 
the  coal  industry  through  the  coking  industry  is  looking  to  the  gas 
industry  to  help  them,  by  providing  a  suitable  outlet  for  the  surplus 
gas,  to  reorganise  on  a  profitable  basis  the  coking  plants.  On  the 
other  hand,  the  gas  industry  question  whether  it  is  not  the  wiser 
course  for  the  coking  industry,  and  ultimately  for  the  nation,  that 
the  gas  industry  should  help  the  coal  trade  directly  by  aiming  at 
increased  use  of  gas  and  thereby  increased  demand  for  coal,  whilst 
the  coking  industry  should  sell  their  gas  lo  steel  works. 

There  was  evidently  a  tendency  in  a  section  of  the  meeting  to  see 
a  cleavage  between  the  gas  and  coke  oven  interests,  but  under  the 
lead  of  the  Chairman  and  platform  the  meeting  ended  on  a  note  of 
belief  in  the  co-operation  between  the  two  industries. 
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Section  H. — The  Composition,  Classification,  Preparation, 
Storage  and  Handling  of  Gaseous  Fuels  and  of  the  Products  of 
the  Carbonisation  Industr}'. 

The  subjects  for  discussion  were  somewhat  wide  in  their  scope, 
but  there  was,  however,  an  excellent  discussion  covering  a  large 
number  of  subjects.  Altogether  some  eighteen  speakers  took  part. 

The  subject  of  smokeless  fuel  production  was  discussed  by  Mr. 
E.  V.  Evans,  Mr.  John  Roberts,  Dr.  Illingworth,  Dr.  Sinnatt  and 
Dr.  King,  all  of  whom  made  valuable  contributions.  Mr.  Roberts 
mentioned  that  by  the  carbonisation  of  suitable  blends  in  standard 
high  temperature  carbonising  plants,  a  satisfactory  smokeless  fuel 
for  domestic  purposes  can  be  produced  by  shortening  the  carbon- 
ising time  to  about  two-thirds  the  normal.  Dr.  Illingvvorth  showed 
that  the  disadvantages  associated  with  highly  caking  coals  may  be 
overcome  either  by  blending  with  non-caking  coals,  or,  alterna- 
tively, by  pre-heating  and  oxidation  of  the  excess  binding  material. 
Dr.  Sinnatt  urged  that  there  was  a  need  for  fundamental  research 
on  the  coking  properties  of  the  particles  which  make  up  coking 
coal.  Dr.  King  made  the  interesting  statement  that  work  had 
shown  that  the  volatile  content  did  not  affect  the  ignition  point 
of  a  carbonised  fuel,  but  it  affected  the  rate  of  combustion. 

Dealing  with  the  comparative  effects  of  blending  and  coal  size,  Mr. 
Siderfin  showed  that  the  size  of  the  particle  appeared  to  have  a 
greater  effect  upon  the  rate  of  carbonisation  than  blending. 

The  subject  of  ammonia  recovery  came  in  for  considerable  dis- 
cussion, arising  out  of  the  paper  by  Mr.  P.  Parrish,  in  which  he 
compared  the  anhydride  with  the  sulphuric  acid  process.  Mr. 
Sensicle  championed  the  direct  process  of  ammonia  recovery  and 
felt  that  this  process  had  great  scope  in  certain  fields.  Mr.  Kilburn 
Scott  advocated  a  closer  consideration  of  the  possibilities  of  the 
production  of  synthetic  ammonia  from  surplus  coke  oven  gas. 
Mr.  Parrish  made  the  plea  that  if  there  was  only  co-operation 
between  gas  undertakings  in  the  centralised  production  of  ammonia 
compounds,  there  should  be  no  difficulty  in  obtaining  a  reasonable 
credit  for  by-product  ammonia. 

Section  J  dealt  with  the  Utilisation  of  Fuel  for  Steam  Generation 
and  the  Production  of  Electricity.  A  large  number  of  speakers 
took  part  in  this  discussion.  Probably  the  main  subject  discussed 
was  the  information  brought  forward  by  Mr.  Sloan  regarding  the 
carbonisation  of  coal  at  low  temperatures  prior  to  the 
combustion  of  the  solid  residue  for  steam  generation.  The  various 
types  of  mechanical  stokers,  especially  for  use  at  sea,  were  also 
discussed. 

An  interesting  session  was  devoted  to  the  Utilisation  of  Fuels,  in- 
cluding Electricity  for  Industrial  Furnace  Work  (Section  K). 
The  subjects  which  w^ere  discussed  included  the  use  of  solid  or 
liquid  fuel  in  ferrous  and  non-ferrous  furnaces,  the  use  of  gaseous 
fuel  for  industrial  purposes,  and  the  advantages  of  adaptability  and 
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control  of  electric  heating.  The  Conference  appeared  to  find  par- 
ticularly valuable  the  comprehensive  paper  on  Industrial  Gas  in  the 
United  States,  its  Growth  and  Trend,  presented  together  with  an 
illustrated  appendix  by  the  American  Gas  Association. 

Section  L. — Utilisation  of  Fuels,  including  Electricity,  for 
Domestic  Purposes. 

This  subject  provoked  a  lively  discussion  at  the  session  on 
October  1.  The  attention  of  the  meeting  was  focussed  mainly  upon 
the  economic  position  of  carbonisation  products  or  of  electricity  in 
relation  to  raw  coal  for  domestic  purposes.  It  was  pointed  out  that 
at  the  present  time,  even  in  America,  where  abundant  water  power 
is  available  locally  and  where  the  use  of  natural  oil  has  made 
considerable  headway,  bituminous  coal  is  still  by  far  the  most 
general  household  fuel.  A  wide  extension  of  pre-treatment  pro- 
cesses along  lines  governed 'by  the  local  conditions  of  different 
countries  or  different  districts  is  therefore  to  be  anticipated. 

Methods  of  charging  for  gas  and  electricity  were  dealt  with  at 
some  length,  and  details  were  given  of  an  electricity  undertaking 
in  New  Zealand  which,  through  the  action  of  time  switches,  is 
supplying  current  during  off-peak  periods  at  ;^d.  a  unit  in  a  district 
where  the  prices  of  household  coal  and  manufactured  gas  are  much 
the  same  as  in  Great  Britain.  Alternatively,  a  sliding  scale  of 
charges  is  in  operation,  the  provision  of  a  single  meter  thus 
sufficing. 

Attention  was  drawn  to  the  necessity  for  some  similar  plan  in  the 
case  of  gas,  since  under  the  existing  inequitable  methods  of  charg- 
ing on  a  flat  rate,  the  small  consumer  obtains  his  supplies  below 
cost  price,  and  the  large  consumer  is  consequently  penalised  un- 
fairly. 

The  potentialities  of  coke  as  a  household  fuel  were  stressed,  and 
satisfactory  accounts  of  low-temperature  coke,  emanating  from 
actual  users,  were  quoted. 

Section  M. — Pulverised  Fuel. 

One  cannot  help  feeling  a  little  disappointed  that  the  discussion 
was  almost  entirely  limited  to  contributions  by  members  of  firms 
supplying  various  types  of  equipment  for  pulverising  coal  or  for 
firing  boilers  with  pulverised  coal.  The  major  portion  of  the  time 
for  discussion  was  taken  up  by  comments  on  the  paper  by  Mr. 
F.  H.  Rosencrants  (M3),  these  comments  being  all  directed  to- 
wards the  claims  of  the  direct-fired — as  against  the  bin-and-feeder 
system,  advocated  by  Mr.  Rosencrants.  The  question  of  drjing 
received  little  attention,  since  the  consensus  of  opinion  inclined 
towards  the  adoption  of  the  hot-air-swept  mill  w^hich  could  handle 
relatively  high  percentages  of  moisture  in  the  coal  being  ground. 
The  establishment  of  a  standard  screening  nomenclature  was 
advocated.  General  interest  was  shown  in  the  application  of 
pulverised  fuel  to  marine  practice,  but  no  actual  contribution  was 
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made  to  our  knowledge  of  the  subject.  On  the  question  of  grinding 
units,  it  was  stated  that  a  slow-speed  mill  could  take  charge  of  the 
fluctuations  in  load  arising  in  average  power  station  practice. 
Several  speakers  expressed  their  views  on  the  disposal  of  the  fine 
flue  dust  emanating  from  power  stations  operating  on  pulverised 
fuel.  Three  methods  of  collection  of  the  dust  were  considered,  and 
it  was  generally  agreed  that  electrical  precipitation  gave  the  most 
satisfactor}'  results  from  the  point  of  view  of  efficiency,  although 
the  initial  cost  of  the  plant  was  high  and  the  space  required  was 
relatively  large.  On  the  question  of  combustion  chamber  design, 
Dr.  Lulof's  paper  was  referred  to  by  several  speakers,  and  there 
was  a  general  agreement  on  the  increasing  use  of  water-cooled 
walls.  Professor  Rosin  contributed  a  valuable  statement  on  the 
theoretical  considerations  governing  the  combustion  of  powdered 
coal  and  the  rate  of  heat  liberation  in  the  combustion  chamber. 

Section  Q. — Low-Temperature  Carbonisation. 

This  subject,  as  might  be  expected,  gave  rise  to  an  animated  and 
interesting  discussion.  It  appeared  to  be  tacitly  accepted  that  in 
many  of  the  low-temperature  processes  the  actual  "retorting"  of 
the  coal  was  an  accomplished  success.  Two  speakers,  in  fact,  testi- 
fied that  the  retorts  in  which  they  were  interested  were  operating 
on  a  full  scale  basis  week  in,  week  out.  Discussion  ranged  itself 
very  largely  on  the  economics  of  the  process.  The  views  expressed, 
however,  were  by  no  means  unanimous.  One  speaker,  for  instance, 
suggested  that  there  would  be  heavy  charges  for  interest  and 
depreciation,  whilst  another,  quoting  the  experience  gained  with 
one  type  of  plant  over  several  years,  claimed  that  these  charges 
need  not  be  heavy.  It  was,  however,  mainly  round  the  question  of 
the  value  of  the  tar  that  interest  centred.  One  group,  basing, 
apparently,  their  opinion  on  the  prices  realised  for  the  small 
quantity  of  low-temperature  tar  at  present  on  the  market,  sug- 
gested a  figure  of  from  4d.  to  6d.  per  gallon.  On  the  other  hand, 
one  speaker  suggested  that  if  the  production  of  low-temperature 
tar  becomes  general,  a  value  of  2^d.  was  more  likely  to  be  the  case. 
Speakers  engaged  in  the  oil  refining  industry  claimed  that  a  new 
technique  of  distillation  and  refining  was  necessary  to  suit  low- 
temperature  tar,  and  indicated  that  the  products  were,  in  general, 
not  of  as  good  a  quality  as  those  from  petroleum  oils.  Little  was 
said  on  the  suitability  or  otherwise  of  various  coals  for  low- 
temperature  processes,  though  it  was  clear  that  high  oil-yielding 
materials  such  as  lignites  and  cannel  coal  offered  considerable 
advantages.  No  special  attention  was  given  to  the  distinctive 
advantages  of  low-temperature  coke,  except  that  it  gave,  when 
pulverised,  a  material  free  from  danger  of  spontaneous  ignition. 
Little  was  said  with  regard  to  co-ordination  with  other  processes, 
though  the  statement  that  to  burn  the  gas  from  low-temperature 
plants  under  boilers  for  steam  raising  was  the  lowest  use  it  could 
be  put  to,  commended  universal  assent. 
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The  general  impression  gained  from  the  discussion  was,  that 
whilst  many,  if  not  all,  of  the  points  of  technique  were  satisfac- 
torily settled,  there  was  a  diversity  of  opinion  as  to  whether  low- 
temperature  processes  can  work  profitably  within  the  economic 
limitation  imposed  by  the  existing  market  prices  of  competing 
products.  Mention  should  be  made  that  more  than  one  speaker 
stressed  the  importance  of  research  and  investigation  in  helping 
to  elucidate  the  outstanding  problems. 

Section  O.-— Transmission  of  Power. 

The  papers  provoked  an  interesting  discussion.  It  was  apparent 
that  the  paper  (04)  dealing  with  the  legal  aspects  of  bulk  trans- 
mission of  gas  in  Great  Britain,  raised  questions  which  were  en- 
tirely new  to  many  members  of  the  audience.  Regret  was  voiced 
by  the  Vice-Chairman  that  legislative  restrictions  made  to  meet 
the  conditions  of  many  years  ago,  should  show  themselves  as 
obstacles  in  the  way  of  present-day  progress. 

In  connection  with  the  data  on  the  cost  of  transmitting  various 
forms  of  energy,  it  was  suggested  by  one  speaker  that  the  cost  of 
delivering  oil  by  pipe  line  might,  with  advantage,  be  included,  and 
another  speaker  pointed  out  that  pulverised  coal  could  be  delivered 
distances  up  to  three  miles  at  very  low  cost. 

One  or  two  of  the  speakers  appeared  to  confuse  the  figures  given 
for  the  cost  of  transmitting  gas  in  bulk  with  the  cost  of  distri- 
bution of  gas  to  individual  consumers. 

The  papers  had  apparently  commanded  a  good  deal  of  interest 
in  perusal  by  the  delegates. 

Section  P. — "Waste"  Heat  Recovery. 

The  discussion  was  confi.ned  mainly  to  the  technical  aspect,  and 
the  data  given  in  the  papers  regarding  "waste"  heat  recovery 
practice  in  the  cement  industry  was  emphasised  by  an  American 
delegate.  Other  speakers  dealt  with  the  possibility  of  steam  raising 
from  the  exhaust  gases  of  marine  oil  engines.  It  was  interesting 
to  hear  the  remarks  of  a  naval  architect  who  voiced  the  desire  of 
ship  designers  for  still  more  economy  in  heat  in  connection  with 
steamers. 

Two  speakers  questioned  whether  steam  raising  by  "waste"  heat 
from  industrial  furnaces  and  coke  ovens  was  an  economical  pro- 
position, one  on  the  score  of  continuity  of  operation  and  the  other 
suggesting  that  still  further  economy  in  the  furnace  operation  was 
of  more  importance.  This  latter  brought  forth  a  re-statement  of 
the  fundamental  principle  given  in  the  paper  PI,  and  emphasised 
in  the  General  Report,  that  it  is  only  after  the  furnace  proper  has 
been  brought  to  the  highest  pitch  of  efïïciency  that  "waste"  heat  can 
properly  be  called  surplus  heat  and  as  such  legitimately  used  for 
heat  economy  by  steam  raising. 

The  meeting  appeared  to  accept  "waste"  heat  recovery  as  a  valu- 
able and  integral  part  of  industrial  operations. 

Sections  T  and  V  were  dealt  with  together,  namely,  the  Training 
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of  Fuel  Technicians,  and  Organisations  concerned  with  the  Effi- 
cient Use  of  Fuel  in  Industry.  It  appears  to  be  the  view  of  the 
Conference  that  there  is  a  growing  demand  in  industry  for  pro- 
perly trained  fuel  technicians,  although,  as  Professor  Cobb  states, 
there  is  no  consensus  of  opinion  as  to  the  most  useful  type  of 
training  required.  The  organisation  for  the  promotion  of  fuel 
economy  in  Germany  was  described  by  Mr.  zur  Nedden,  and 
similar  treatment  relating  to  the  organisation  in  Great  Britain  was 
dealt  w4th  by  Mr.  E.  C.  Evans. 

Section  W. — The  Economic  Possibilities  in  the  Better  Co- 
ordination of  Fuel  Utilisation. 

The  subject  of  this  section  led  to  some  interesting  discussions. 
Dr.  Lander  stressed  the  importance  of  modern  coke  oven  construc- 
tion in  the  iron  and  steel  industry,  and  said  he  considered  that  full 
scale  testing  plant  should  lead  to  information  of  value.  He  also 
brought  before  the  meeting  the  importance  of  the  German  and 
Austrian  fuel  economy  organisations.  The  subject  was  further 
dealt  with  by  Herr  Taussig,  who  gave  an  account  of  the  organisa- 
tion for  fuel  economy  in  Austria. 

Mr.  E.  C.  Evans  compared  the  condition  of  the  British  iron  and 
steel  industry  with  that  of  France  and  Germany,  and  showed  that 
there  were  fundamental  differences  from  the  point  of  view  of  fuel 
economy  between  industries  which  depended  upon  the  basic  Bes- 
semer process  and  those  who  used  the  open  hearth  process.  He 
said  that  whilst  congratulating  the  magnificent  work  done  in 
France  and  Germany  on  the  subject  of  fuel  economy,  it  was  unwise 
to  criticise  the  British  iron  and  steel  industry  w^ithout  realising 
their  fundamentally  différent  conditions.  He  also  stressed  the 
importance  of  regularity  in  the  quality  of  coke  used  in  the  blast 
furnaces. 

Mr.  George  Helps  brought  forward  his  plea  for  the  distribution 
of  low-grade  gas,  which  was  dealt  w4th  in  reply  by  Dr.  Smith  from 
the  point  of  view  of  the  gas  industry.  Dr.  Smith  making  the  point 
that  if  the  gas  industry  could  be  shown  figures  which  led  them  to 
believe  that  gas  could  be  delivered  to  the  consumer  at  a  cheaper 
rate  on  a  heat  value  basis  than  the  present  methods  in  such  a  form 
that  the  consumer  would  get  equal  efficiency  in  utilisation,  then 
there  would  be  no  difficulty  for  Mr.  Helps  to  get  a  general  adop- 
tion of  his  process.    But  these  figures  were  not  forthcoming. 

Dr.  Lander  made  reference  to  the  fact  that  one  of  the  suggestions 
made  by  Sir  Arthur  Duckham  had  been  adopted  by  the  National 
Fuel  and  Power  Committee  in  their  report.  This  refers  to  the 
suggestion  that  there  should  be  a  Government  investigation  into 
the  possibilities  of  the  installation  of  bus  mains  to  collect  and 
distribute  coke  oven  gas  over  long  distances  and  large  areas,  such 
as,  for  example,  Lancashire,  Yorkshire  and  the  Midlands.  Dr. 
Lander  reminded  the  Conference  that  Sir  Philip  Cunlifife  Lister, 
at  the  Conference  Banquet,  announced  that  the  Government  were 
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forthwith  to  set  up  a  Committee  to  institute  this  investigation 
according  to  the  recommendations  of  the  National  Fuel  and  Power 
Committee. 

The  Technical  Committee  desire  to  place  on  record  thir  apprecia- 
tion of  the  value  of  the  work  of  the  General  Reporters.  This,  they 
believe,  has  been  exemplary  from  every  point  of  view.  The  work 
of  the  ten  editors,  each  of  whom  was  a  specialist  in  his  own 
subject,  has  been  most  efficient,  enabling  the  Technical  Secre- 
taries, with  the  minimum  of  trouble,  to  ensure  the  printing  of  the 
Conference  Proofs  in  ample  time  for  distribution. 

The  Tlechnical  Committee  has  ventured  to  prepare  for  Fuel 
Technicians  the  book  "Technical  Data  on  Fuel."  This  has  been 
favourably  reviewed  in  the  technical  press,  and  the  Committee  is 
of  the  opinion  that  the  book  will  supply  a  long  felt  want,  and  that 
its  revision  from  time  to  time  will  enable  them  to  keep  it  abreast 
of  the  times.  As  an  indication  that  this  book  is  likely  to  meet  the 
demand  for  this  enterprise,  already  some  of  the  larger  firms  have 
ordered  up  to  fifty  copies  each,  to  be  placed  at  the  disposal  of  each 
of  the  members  of  their  technical  staffs.  • 

This  hurried  report,  prepared  in  time  for  this  meeting,  cannot 
give  a  true  picture  of  the  extent  and  value  of  the  Conference.  The 
full  value  will  be  found  in  the  contributions,  which  are  authorita- 
tive, and  provide  a  source  of  reliable  information  on  each  of  the 
matters  dealt  with. 

The  Chairman  intimated  that  this  Report  would  be  placed  on 
the  records  of  the  Conference,  and  at  the  same  time  expressed  the 
thanks  of  the  Conference  to  Dr.  Smith  for  the  admirable  manner 
in  wliich  he  had  prepared  his  summary. 

The  next  item  on  the  agenda,  continued  the  Chairman,  was  to 
move  certain  resolutions  which  had  already  been  passed  at  the 
sectional  meetings.  All  these  resolutions  would  be  referred  to  the 
International  Executive  Council  and  also  to  the  various  National 
Committees  during  the  coming  year  in  order  that  consideration 
might  be  given  to  the  best  method  of  dealing  with  them. 

The  following  resolutions  were  then  put  to  the  meeting,  and, 
after  being  seconded  by  Dr.  Smith,  were  adopted  nem  con. 

Resolution  passed  in  Section  W,  October  4. 

WHEREAS 

The  Fuel  Conference  of  the  World  Power  Conference, 
assembled  at  London  in  September,  1928,  has  evidenced  a 
universal  desire  among  fuel  experts  from  all  parts  of  the 
world  to  arrive  at  some  international  understanding  regarding 
the  methods  of  defining  the  characteristics  of  liquid  motor 
fuel— 

AND  WHEREAS 

It  is  believed  that  great  benefit  for  the  industries  and  the 
pertinent  branches  of  technical  science  will  accrue  from  such 
imernational  action; 
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BE  IT   RESOLVED 

That  the  International  Executive  Council  of  the  World 
Power  Conference  be  instrumental  in  paving  the  way  to  such 
international  understanding. 

Resolution  passed  in  Section  B,  September  25. 

WHEREAS 

There  is  no  uniformity  in  the  practical  application  of  the 
gross  or  net  calorific  value  of  fuel  (solid,  liquid  or  gaseous), 
either  within  the  several  countries  or  as  between  the  pro- 
ducers and  consumers  of  fuel,  or  internationally — 

AND  WHEREAS 

Such  uniformity,  as  convincingly  pointed  out  in  paper  G3 
(Nissen)  and  others,  is  considered  to  be  most  desirable  for 
correctly  comparing  efficiencies  and  fuel  costs  ; 

BE  IT  RESOLVED 

That  the  International  Executive  Council  of  the  World 
Power  Conference  shall  exert  every  efifort  to  ensure  inter- 
national agreement  on  these  matters. 

Resolution  passed  in  Section  M,  October  1. 

WHEREAS 

The  papers  and  discussions  presented  before  the  Session  on 
Pulverised  Fuel  Conference  of  the  World  Power  Conference 
have  convincingly  demonstrated  the  need  of  both  producers 
and  users  of  pulverised  fuel  equipment  for  some  international 
understanding  as  to  standards  concerning  :  — 

(1)  The  sampling  of  powdered  fuel; 

(2)  The  determination  of  its  fineness  (screen  analysis). 

(3)  The  standardisation  of  sieves  (at  least  in  so  far  as  to 
permit  translation  of  sieving  results  from  one  stan- 
dard to  another)  ; 

(4)  The  methods  of  testing  pulverisers  and  many  other 
factors  vitally  concerning  pulverised  fuel  measure- 
ment and  testing; 

BE  IT  RESOLVED 

That  the  International  Executive  Committee  of  the  World 
Power  Conference  consider  ways  and  means  which  may 
lead  to  international  co-operation  of  qualified  technical  and 
scientific  organisations  to  the  end  of  attaining  mutual  under- 
standing of  the  points  heretofore  raised,  as  well  as  others 
similar,  which  may  require  consideration  therewith. 

ALSO 

That  the  Council  thereupon  order  a  report  to  be  submitted  to 
the  Second  Plenary  Meeting  of  the  World  Power  Conference 
to  be  held  in  Berlin,  1930. 
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Resolution  passed  in  Section  B,  September  25. 

WHEREAS 

It  appears  desirable  that  an  international  nomenclature  for 
the  classification  of  coal  with  regard  to  its  properties  to  be 
adopted, 

AND 

That  a  uniform  system  for  the  determination  of  the  funda- 
mental properties  of  coal  be  established; 

BE  IT   RESOLVED 

That  the  International  Executive  Council  of  the  World 
Power  Conference  be  requested  to  take  suitable  steps  to  this 
end. 

The  Chairman  remarked  that  the  next  item  was  to  propose  one 
or  two  resolutions,  but  before  doing  so  he  wished  to  state  that 
appropriate  letters  of  thanks  would  be  sent  to  the  President,  Lord 
Melchett,  to  Lord  Reading  and  to  Dr.  Robert  Mond.  Already  the 
Conference  had  expressed  its  thanks  to  the  President  of  the  Board 
of  Trade  and  to  the  Government  for  their  reception,  and  thanks 
would  also  be  sent  to  the  various  bodies  which  afforded  facilities 
for  visits,  such  as  the  Port  of  London  Authority,  the  Gas  Light 
and  Coke  Co.  and  others  who  had  contributed  so  much  to  making 
these  visits  a  success.  Part  of  the  success  of  the  coming  together 
of  this  Parliament  of  engineers  and  scientists  from  all  parts  of  the 
world,  was  that  they  should  be  afïorded  in  every  country  they 
visited  opportunities  for  seeing  the  methods  adopted  in  the  various 
industries  which  were  concerned  in  carrying  out  the  work  that  was 
discussed  at  the  various  Sectional  Meetings.  It  was  from  this  point 
of  view  that  he  wished  to  express  the  sincere  thanks  of  the  Con- 
ference Executive  to  those  firms  and  others  who  had  made  the 
holding  of  the  Conference  possible. 

The  proposal  to  hold  this  World  Fuel  Conference  in  London  was 
made  by  himself  to  the  British  National  Committee  of  the  World 
Power  Conference  as  its  Chairman,  and  it  was  afterwards  presented 
to  the  International  Executive  Council  for  their  consent  and  co- 
operation. In  making  the  proposal,  he  was,  perhaps,  acting  a  little  in 
the  dark,  but  there  was  one  man  upon  whom  he  placed  great  trust  in 
the  matter,  a  man  of  vision,  a  man  of  imagination  and  a  man  of 
enterprise.  That  man  was  Sir  David  Milne-Watson.  The  hopes 
he  had  had  when  he  approached  Sir  David  in  connection  with  the 
holding  of  the  Conference  and  securing  support  for  it  in  the  way 
of  papers  for  discussion,  etc.,  had  been  more  than  fulfilled.  He 
had  pointed  out  that  in  connection  with  the  first  World  Power 
Conference  held  at  Wembley  in  1924,  the  electrical  industry  had 
provided  the  necessary  financial  foundation.  The  present  Con- 
ference, being  a  Fuel  Conference,  the  gas  industry,  the  chemical 
industry,  the  oil  industry  and  the  coal  industry  had  laid  down  the 
necessary  financial  foundation,  and  all  these  industries  were 
thanked  most  heartily  for  their  support. 
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Then    he    wished    also   to    express    great    appreciation    of    the 
work  done  by  the  Technical  Secretaries,  Dr.  E.  W.  Smith  and 
Mr.  E.  J.  Fotterill,  and  the  General  Secretaries,  Colonel  Ogilvie 
and  Mr.  M.  W.  Burt.     Further,  those  who  had  been  associated 
with  the  work  of  organising  the  Conference  greatly  appreciated 
the  support  given  to  it  by  the  Press,  both  lay  and  technical.  Every 
country  had  to  rely  for  the  success  of  such  enterprises  upon  an 
intelligent  publicity,  and  he  must  say  that  the  method  in  which 
the  Conference  had  been  reported  in  the  Press  reflected  great 
credit  upon  those  who  had  attended  the  meetings  and  made  the 
reports.    It  also  reflected  great  credit  upon  the  Conference  Press 
representative,   Mr.   Bolton,  because  undoubtedly  he  had  had  a 
great  deal  to  do  in  assisting  the  Press  representatives  in  the  pre- 
paration of  their  reports  in  a  way  that  would  be  most  satisfactory 
and  pleasing  to  those  who  had  taken  part  in  the  discussions.    The 
Press  in  other  countries  had  also  taken  a  keen  interest  in  the  Con- 
ference,and  the  representatives  of  the  Press  in  other  countries  were 
thanked  equally  with  the  Press  representatives  in  Great  Britain 
for  the  manner  in  which  the  Conference  had  been  supported. 
Continuing,  the  Chairman  said  there  had  been  various  criticisms 
of  the  difficulty  of  finding  time  adequately  to  discuss  the  papers 
presented.    That  was  so,  but  it  must  not  be  forgotten  that  these 
papers  afforded,  for  a  certain  number  of  years  to  come,  when  they 
were  put  into  the  form  of  Transactions  and  bound  up,  a  very 
valuable  record  not  only  of  what  had  taken  place  but  of  the  most 
up-to-date  information  on  the  various  aspects  of  fuel  economy. 
The  value  of  these  Transactions  would  also  be  helped  and  assisted 
bj^  the  conversations  that  had  taken  place  between  the  various 
delegates  to  the  Conference.    He  had  heard  it  stated  in  connection 
with  the  1924  Conference  and  also  in  connection  with  the  Basle 
Conference  in  1926  that  some  of  the  most  valuable  suggestions  and 
hints  and  exchange  of  information  had  taken  place  during  the 
course  of  the  many  conversations  that  took  place  between  the 
delegates.     All  this  helped  to  make  Conferences  such  as  these  a 
success  and  at  the  same  time  developed  a  fraternal  spirit  which 
could  not  fail  to  be  of  the  utmost  possible  advantage  to  all  engineers 
and  scientists  engaged  in  the  work  with  which  the  Conference  was 
concerned. 
The  Chairman  then  moved  the  two  following  resolutions  : — 
This  Closing  Meeting  of  the  Fuel  Conference  desires  to  place 
on  record  its  grateful  appreciation  to  the  authoritative  bodies 
and  authors  of  all  countries  who  contributed  papers  to  the 
London  Sectional  Meeting  on  Fuel  Problems,  World  Power 
Conference. 

This  Closing  Meeting  of  the  Fuel  Conference  desires  to  ex- 
press its  thanks  to  the  Chairmen  and  Vice-Chairmen  who 
presided  at  the  various  Sessions  of  the  Conference,  and  to 
the  General  Reporters  who  rendered  valuable  service  in  the 
preparation  of  their  reports. 
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These   resolutions   were   carried  with   acclamation  without   the 

formality  of  being  seconded. 
Mr.  O.  C.  Merrell  (Chairman  of  the  American  Committee  of 

the  World  Power  Conference)  moved  the  following  resolution  : — 
The  visiting  delegates  and  representatives  of  the  participating 
countries  to  the  London  Sectional  Meeting  on  Fuel  Problems 
desire  to  record  their  appreciation  of  the  efficient  manner  in 
which  the  meeting  has  been  organised  and  conducted.  They 
desire  to  express  their  cordial  thanks  to  the  British  National 
Committee,  the  Fuel  Conference  Committee,  The  Chairman 
(Mr.  D.  N.  Dunlop),  and  the  General  Secretaries  (Colonel 
S.  S.  Ogilvie  and  Mr.  M.  W.  Burt),  and  to  the  Technical 
Committee,  the  Chairman  (Dr.  C.  H.  Lander),  and  the  Tech- 
nical Secretaries  (Dr.  E.  W.  Smith  and  Mr.  E.  J.  Fottrell). 
This  resolution  was  carried  unanimously. 

Sir  David  Milne- Watson  moved  the  following  resolution  :  — 
The  British  National  Committee  and  the  Fuel  Conference 
Committee    desire    to    tender    their    sincere    thanks    to    the 
National  Committees  and  representatives  of  all  the  countries 
participating  in  the  London  Sectional  Meeting  on  Fuel  Prob- 
lems, World  Power  Conference  whose  effective  co-operation 
contributed  so  greatly  to  its  success. 
Sir  David  said  that  no  words  of  his  were  necessary  to  recommend 
this  resolution.    We  in  Great  Britain  were  ver}'  flattered  that  so 
many  delegates  had  come  to  the  Conference  at  great  expense  of 
time  and  energ}',  and  it  was  desired  in  the  most  sincere  way  to 
thank  the  delegates  for  their  assistance. 
This  resolution  was  also  carried  with  acclamation. 
The  remainder  of  the  meeting  was  occupied  with  short  addresses 
from   the    representatives    of    the    National    Committees    of    the 
World   Power  Conference  who  were  participating  in  the   Fuel 
Conference. 

Prof.  Loiret  (France)  expressed  the  thanks  of  the  French 
delegates  for  the  manner  in  which  they  had  been  entertained 
during  the  Conference  and  emphasised  the  great  value  of  Inter- 
national Conferences  of  this  character  in  assisting  not  only  in 
solving  the  technical  problems  relating  to  fuel  power  but  also  in 
bringing  the  nations  of  the  world  into  that  closer  touch  and  more 
intimate  understanding  which  must  of  necessity  assist  in  the 
movement  for  international  peace. 

Prof.  Giordani  (Italy)  said  that  many  centuries  ago  St.  Francis 
of  Assisi  taught  humanity  a  new  spirit  of  fraternity,  and  he 
believed  that  a  similar  spirit  was  to-day  growing  between  the 
nations  of  the  world.  The  Conference  had  played  an  important 
part  in  the  same  connection,  as  it  had  enabled  men  from  many 
countries  to  meet  together  and  fraternise  in  a  spirit  of  goodwill 
which  it  was  difficult  otherwise  to  do.  It  was  in  this  spirit  that 
the  Italian  delegates  attended  the  Conference,  and  on  their  part 
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they  thanked  the  Executive  for  the  manner  in  which  the  Confer- 
ence had  been  organised  and  the  welcome  that  had  been  given  to 
the  delegates. 

Dr.  Hrauscka  (Austria),  speaking  on  behalf  of  the  Austrian 
National  Committee,  expressed  satisfaction  with  the  manner  in 
which  the  World  Power  Conference  had  developed.  The  first 
work  carried  out  by  the  World  Power  Conference  concerned  the 
statistics  of  the  power  resources  of  the  world,  and  in  some  coun- 
tries it  was  felt  that  this  work  would  only  be  of  interest  to  those 
nations  which  had  large  power  resources  to  control.  Since  then, 
however,  the  Conference  had  concentrated  upon  many  other 
aspects  concerning  power  and  fuel,  and  had  demonstrated  that  the 
economic  utilisation  of  power  resources  was  of  interest  in  every 
country,  large  or  small.  In  Austria  there  was  abundant  water 
power  but  a  very  small  amount  of  coal^  whilst  in  other  countries 
the  reverse  conditions  obtained.  Whatever  the  position,  however, 
every  country  had  to  deal  with  this  problem  in  some  measure,  and 
that  had  accounted  for  the  fact  that  the  World  Power  Conference 
had  so  quickly  become  an  international  institution.  It  was  from 
this  point  of  view  that  he  wished  the  Conference  every  success  and 
further  development. 

Mr.  F.  C.  Faraker  (Australia)  said  it  was  difficult  for  a  people 
so  far  away  from  the  centre  of  things,  as  were  the  people  of 
Australia,  to  appreciate  the  full  importance  of  such  international 
movements  as  the  World  Power  Conference.  He  was  the  more 
happy  to  say,  therefore,  that  engineers  in  Australia  were  taking 
the  World  Power  Conference  very  seriously.  They  were  deter- 
mined to  promote  its  interests  in  every  way  possible.  There  would 
always  be  difficulty  in  sending  delegates  great  distances — such  as 
on  the  present  occasion — but  the  small  delegation  which  had  been 
got  together,  though  it  had  not  been  a  ver}'  noisy  one,  had,  in  fact, 
been  a  very  interested  one.  Australia  had  large  supplies  of 
bituminous  coal — wastefully  used  on  approved  lines.  Brown  coal 
deposits  were  being  developed  in  a  more  scientific  manner,  but  they 
were  still  faced  with  the  problem  of  obtaining  some  form  of  power 
for  "up-country"  districts.  This  postulated  some  form  of  fuel 
made  from  readily  available  raw  material.  For  this  reason 
Australia  was  very  interested  in  the  development  of  special  types 
of  internal  combustion  engines.  As  regards  the  Sectional  Con- 
ference in  Tokyo  next  year,  he  understood  that  Mr.  Merrell,  the 
Chairman  of  the  United  States  delegation,  had  promised  a  "hectic" 
time  to  the  European  delegates  who  might  form  themselves  into  a 
party  and  cross  the  United  States  on  the  way  to  Japan.  Nothing, 
however,  had  been  said  about  the  return  journey,  and  he  asked 
delegates  to  remember  that  Australia  lay  on  the  same  side  of  the 
world  as  Japan.  Any  delegates  who  took  so  excellent  an  oppor- 
tunity of  visiting  Australia  would  be  given  the  heartiest  of 
welcomes. 
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Mr.  Morch  (Denmark)  expressed  the  thanks  of  the  Danish 
National  Committee  for  the  excellent  manner  in  which  the  Con- 
ference had  been  organised  and  conducted.  They  looked  forward 
to  receiving  the  Transactions,  which  would  form  a  very  valuable 
record.  In  returning  thanks  for  all  that  they  had  enjoyed  he  said 
"Au  revoir  until  you  come  to  Berlin  in  1930." 

Mr.  Irwin  Crookes  (New  Zealand)  said  that  in  New  Zealand 
they  liked  to  regard  themselves  as  the  Britain  of  the  Southern 
Seas,  where  they  were  endeavouring  to  build  a  new  nation.  They 
were  a  small  people  but  were  anxious  always  to  get  the  best  that 
could  be  obtained  from  the  experience  and  development  of  the 
older  nation.  He,  together  with  the  other  delegates,  had  been 
impressed  with  the  splendid  organisation  of  the  Conference,  and 
was  convinced  that  one  of  the  great  results  of  it  would  be  a  closer 
binding  together  of  the  peoples  of  the  earth.  In  conclusion,  he 
would  offer  two  words  of  the  native  Maori  language,  namely. 
"Kia  Ora,"  which,  libererally  interpreted,  meant  all  happiness  and 
all  good  things  in  this  life. 

Senor  Gonzalez  (Spain)  briefly  expressed  his  thanks  and  appre- 
ciation as  a  Spanish  delegate. 

Herr  Dipl.-Ing.  F.  zur  Nedden  (Germany)  remarked  that  at 
this  final  stage  of  the  Conference  it  might  be  fitting  briefly  to 
survey  the  power  supply  problem  of  the  world.  Taking  into 
account  all  forms  of  power  at  the  disposal  of  man,  according  to 
some  statistics  that  had  been  prepared  by  Mr.  Henry  Lewis  in 
1927,*  there  were  something  like  800  thousand  million  kW.  hours 
per  annum.  Of  this  20  per  cent,  was  water  power  and  80  per  cent, 
was  fuel,  and  this  could  be  regarded  as  a  measure  of  the  import- 
ance of  the  Fuel  Conference.  These  figures  meant  that  for  each 
human  being  on  the  earth  there  were  500  kW.  hours  per  annum 
available  in  the  form  of  power.  These  figures  also  meant  that  the 
present  development  of  power  supply  had  placed  at  the  disposal 
of  mankind  about  twice  the  power  that  mankind  could  exert  :  a 
workman  working  hard  with  his  muscles  for  eight  hours  a  day 
and  300  working  days  of  the  year  could  produce  about  250  kW. 
hours.  Tliis  position  of  afifairs,  of  course,  was  the  result  of  a  long 
chain  of  development  through  the  ages,  starting  with  the  very 
primitive  methods  and  proceeding  right  through  to  the  develop- 
ment of  the  steam  locomotive  and  later  still  electrical  and  other 
power  development.  A  great  deal  of  the  reduction  in  the  smoke 
nuisance  was  due  to  the  manner  in  which  man  had  learned  to 
divide  coal  up  into  its  constituents,  gas,  coke  and  tar,  and  the  great 
tendency  towards  processing  and  improving  coal  had  been  very 
vividly  brought  out  during  the  Conference.  That  tendency  might 
be  characterised  as  the  second  stage  of  development  in  power 
production,  whilst  the  next  stage  would  be  the  production  of  power 
from  solid  fuel  in  the  neighbourhood  of  the  spot  where  the  coal 


*  See  Iron  and  Coal  Tirades  Reznew,  July  29,  1927. 
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was  treated  for  its  gas,  coke  and  tar  constituents.  In  this  connec- 
tion he  drew  special  attention  to  the  paper  by  Dr.  E.  W.  Smith  on 
cheapening  and  simpHfying  the  transportation  of  energy.  By 
generating  the  power  at  the  points  where  the  coal  was  found  we 
should  be  making  an  enormous  step  forward  in  the  problem  of  fuel 
economy.  Already  developments  of  this  nature  were  taking  place, 
as  was  to  be  seen  in  the  transportation  of  gas  at  high  pressure  and 
the  transmission  of  electricity  at  voltages  up  to  300,000  volts.  All 
this  meant  that  the  nations  of  the  world  would  be  brought  more 
closely  in  harmony  and  that  movement  would  develop  still  further 
if  the  possibility  of  transmission  of  power  were  taken  full  advan- 
tage of.  It  was  not  an  impossible  idea,  for  instance,  that  electricity 
generated  at  the  waterfalls  of  Finland  should  be  transmitted  to 
light  Paris,  nor  was  it  an  impossible  idea  that  the  power  generated 
in  one  of  the  great  centres  of  industry  in  Great  Britain  should  be 
transmitted  into  the  heart  of  Italy.  Developments  such  as  those 
would  certainly  alleviate  the  tensions  between  nations  and  the 
social  tensions  within  highly  industrialised  nations,  as  it  would 
make  it  possible  for  factories  to  be  moved  away  from  the  centres  of 
power  production,  to  alleviate  the  concentration  of  human  beings 
on  small  areas  and  to  spread  the  supply  of  ready-made  and  refined 
energies  over  wide  areas.  At  the  same  time,  the  greater  transmis- 
sion of  power  in  various  forms  would  improve  the  position  of 
agriculture,  restore  the  countryside  to  greater  prosperity,  and 
alleviate  the  contrast  between  town  and  country.  Thus,  the  more 
development  that  took  place  in  matters  appertaining  to  power  and 
fuel  the  nearer  should  we  come  towards  world  peace,  and  at  the 
same  time  the  more  should  we  alleviate  the  sorrows  of  mankind 
within  the  various  countries. 

Referring  to  the  next  plenary  meeting  of  the  World  Power 
Conference  in  1930,  Herr  zur  Nedden  said  that  his  German  friends 
hoped  to  have  the  opportunity  of  welcoming  delegates  from  all 
parts  of  the  world,  and  to  return,  as  far  as  lay  within  their  power, 
the  lavish  hospitality  that  they  had  received  at  the  hands  of  other 
nations  since  the  World  Power  Conference  was  first  established  in 
1924.  He  recalled  the  Wembley  Conference  in  that  year,  the 
meeting  in  Basle  in  1926  and  the  meeting  in  Como.  He  referred  to 
the  anticipated  meeting  in  Basle  in  1929,  and  added  that  from  past 
experience  they  had  every  reason  to  look  forward  to  receiving 
similar  hospitality  there  and  in  Japan  in  1929.  The  delegates  could, 
therefore,  feel  assured  that  the  Germans  in  1930  would  do  their 
very  best  to  make  the  plenary  sitting  of  the  Conference  on  that 
occasion  the  greatest  possible  success,  although  they  did  not 
anticipate  an  easy  task  in  keeping  up  to  the  standard  that  had 
hitherto  been  set.  In  conclusion,  Herr  zur  Nedden  paid  a 
high  tribute  to  the  Chairman  of  the  International  Executive 
Council,  Mr.  D.  N.  Dunlop,  who  he  described  as  the 
man  who  had  had  the  vision  to  foresee  the  great  development 
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possible  in  the  establishment  of  the  World  Power  Conference. 
In  the  person  of  Mr.  Dunlop,  he  said,  God  had  given 
to  the  world  and  to  Great  Britain  a  personality  of  a  type  that  was 
only  too  rare  throughout  the  world.  Mr.  Dunlop  had  gathered 
around  him  and  had  enthused  for  his  purpose  a  group  of  very 
efficient  men  whom  they  had  seen  at  work  at  this  Conference  with 
such  good  effect,  not  only  in  foreseeing  the  significance  of  the 
changes  that  were  taking  place  in  the  domain  of  power  but  who 
also  were  doing  such  admirable  work  in  spreading  peace  and  good- 
will among  men.  Already  on  two  occasions  at  the  Conference  he 
had  moved  resolutions  not  feeling  absolutely  certain  that  he  would 
receive  the  unanimous  support  which  he  did  find,  but  in  expressing 
the  heartfelt  thanks  of  the  delegates  to  Mr.  Dunlop  he  was  certain 
that  he  would  receive  the  unanimous  and  cordial  support  of  every- 
body present.  He  asked  the  meeting  to  stand  in  recognition  of  the 
great  work  Mr.  Dunlop  had  performed. 

The  motion  was  carried  with  hearty  applause. 

Mr.  D.  N.  Dunlop  (Chairman,  International  Executive  Council  ; 
Great  Britain),  in  expressing  his  appreciation  of  the  very  flattering 
terms  in  which  he  had  been  referred  to,  said  he  believed  flattery 
had  its  uses.  He  did  not  feel  at  all  worthy  of  any  of  the  things  that 
had  been  said  about  him,  because  he  was  one  of  those  of  whom  it 
had  been  said  that  they  did  as  little  as  possible  themselves  but 
encouraged  other  people  to  do  the  work.  For  example,  he  had 
had  the  good  fortune  to  discover  Mr.  Burt,  in  whom  he  had  found 
a  loyal  worker  and  co-operator  since  the  beginning  of  the  World 
Power  Conference,  and  he  had  no  hesitation  in  saying  that  a  great 
deal  of  the  credit  for  the  success  of  the  organisation  of  the  World 
Power  Conference  must  undoubtedly  be  attributed  to  Mr.  Burt, 
who  had  worked  from  morning  to  night,  giving  of  his  best  to  make 
the  Conference  a  success. 

What  he  was  proud  about  in  connection  with  the  World  Power 
Conference  was  the  splendid  co-operation  that  had  arisen  through- 
out its  organisation  internationally  between  the  national  com- 
mittees. He  had  hardly  dared  to  anticipate,  when  he  first  suggested 
the  idea  of  a  Parliament  of  technical  and  scientific  men  meeting 
togther  to  discuss  the  questions  with  which  the  World  Power 
Conference  was  identified,  that  there  would,  so  soon  after  its  in- 
auguration be  meetings  together  of  such  goodwill  and  in  such  a 
fraternal  spirit  as  had  been  the  case.  It  was  more  than  he  had 
expected,  because  when  the  Conference  was  first  established  the 
War  had  only  been  over  a  very  short  time.  Nevertheless,  the  idea 
had  grown  much  more  rapidly  and  with  much  more  solidarity  than 
he  had  ever  expected;  but  any  success  that  had  so  far  been 
achieved  was  useful  in  indicating  the  directions  in  which  the  work 
in  the  future  might  go  forward  to  greater  success.  If  the  Con- 
ference was  to  succeed  in  filling  the  need  for  a  great  fraternity  of 
engineering  science  and  industry — which,  after  all,  were  at  the 
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basis  of  our  modern  age— if  it  was  to  succeed  adequately  in  ful- 
filling its  purpose  it  would  only  be  in  so  far  as  the  scientists  and 
engineers  and  fuel  experts  of  every  kind  associated  with  the 
utilisation  of  the  sources  of  nature  for  the  good  of  mankind,  join 
hands  together  to  make  it  a  real  success  in  every  direction. 
Industries  nationally  would  have  to  co-operate  and  then  industries 
internationally  would  also  have  to  co-operate,  and  in  this 
co-operation  they  would  provide  for  the  full  national  gifts  of 
their  own  nations  first  and  then  take  their  gifts  to  other  nations  in 
exchange  for  gifts  which  these  other  nations  had  to  ofifer. 

One  danger  that  had  been  expressed  was  that  a  person  like 
himself  who  dreamed  in  terms  of  world  consciousness  had  his 
eyes  upon  the  ends  of  the  earth  and  forgot  his  own  nation.  He  did 
not  believe  that  was  so.  On  the  contrary,  if  one  thought  in  terms 
of  nations  more  and  more  every  day,  one  found  oneself  more  in 
love  with  one's  own  nation,  and  it  did  not  work  in  the  way  that 
some  people  seemed  to  think.  The  person  who  thought  in  terms  too 
much  of  his  own  national  boundaries  was  apt  to  be  a  poor  lover  of 
his  own  country  ;  and^  therefore,  he  was  not  afraid  that  those  who 
were  engaged  in  developing  and  extending  the  usefulness  of  the 
World  Power  Conference  throughout  the  world  were  in  any  danger 
of  neglecting  what  it  was  possible  to  bring  to  these  Conferences 
from  each  nation  as  a  gift  to  the  common  pool.  It  was  in  this  way 
that  the  Conference  would  grow.  It  was  to  this  recognition  of  the 
fact  that  industry  had  its  part  to  play  in  the  orchestra  that  Dr. 
Taussig  had  referred  to  the  other  day  ;  the  symphony,  as  it  were, 
of  a  nation  finding  out  from  the  fact  that  a  man  of  loneliness  who 
spent  a  great  deal  of  time  perhaps  looking  through  the  telescope 
at  the  marvellous  order  of  the  starry  system  to  which  we  belonged, 
delving  down  in  his  imagination  and  seeing  the  constituent  elements 
and  all  the  different  material  resources  from  which  we  draw  our 
sustenance  and  which  is  necessary  for  human  life;  in  his  imagina- 
tion exploring  the  heavens  and  the  earth  in  the  silence  of  his 
laboratory,  working  at  one  experiment  after  another,  testing  care- 
fully his  theories  and  his  imagination  with  precision  and  with  great 
care  so  that  perhaps  out  of  them  there  might  grow  some  little 
instrument  by  which  human  progress  would  be  helped. 

These  were  the  kind  of  dreams  that  men  of  practical  force  had, 
and  he  was  always  delighted  beyond  measure  when  he  found  a  man 
like  Dr.  Smith,  who  w^as  a  smiling  engineer.  He  had  always  a  happy 
face,  and  every  time  there  was  a  little  perplexity  with  regard  to 
certain  matters  about  which  there  might  be  legitimate  differences  of 
opinion  in  detail.  Dr.  Smith  did  not  remove  the  smile  from  his  face. 
His  eyes  laughed  with  a  certain  inner  gladness  that  anyone  should 
take  an  interest  in  the  same  subject  in  which  he  was  interested. 
That  was  the  kind  of  spirit  which  he  personally  called  the  World 
Power  Conference  spirit.  The  Times  that  morning  had  devoted  a 
leading  article  to  the  Conference,  and  stated  that  the  electrical  and 
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gas  industries  had  removed  the  differences  that  existed  between 
them  and  that  the  Conference  had  brought  them  together  in 
friendly  conclave.  Personally,  he  was  never  very  much  aware  of 
these  differences  and  he  did  not  believe  that  Sir  David  Milne- 
Watson  was,  in  the  sense  in  which  they  had  been  described.  That 
there  should  be  a  healthy  competition  between  them  was  good  for 
both,  and  it  was  now  known  how  much  they  depended  upon  each 
other  for  progress,  how  much  they  learned  from  each  other.  The 
two  industries,  however,  were  none  the  less  zealous  to  get  the  best 
out  of  each,  and  that  was  good  for  all. 

He  thanked  the  Conference  most  heartily,  and  urged  everybody 
to  co-operate  in  the  future  in  every  possible  way  in  order  that  the 
object  for  which  the  Conference  was  established  might  be  achieved. 
He  asked  them  all  to  take  part  in  the  Sectional  Meetings,  for 
instance.  Another  Sectional  Meeting  was  to  be  held  in  Tokyo, 
which  was  a  long  way  off,  but  he  had  no  doubt  that  a  certain 
number  would  go  there.  The  Sectional  Meeting  in  Barcelona  at 
the  beginning  of  June  or  end  of  May  next  year  would  also  have 
a  certain  interest  to  many  who  had  attended  the  present  Con- 
ference. 

Finally,  Mr.  Dunlop  again  expressed  his  thanks  to  the  delegates 
for  their  co-operation  in  coming  together  and  making  the  Fuel 
Conference  a  living  reality. 


Made  and  Printed  in  Great  Britain  by  Percy  Lund,  Humphries  &  Co.  Ltd.,  Bradford. 
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